Advances in Social Sciences #E&FI2ER(HE, 2019, 8(7), 1327-1341 Kans i
Published Online July 2019 in Hans. http://www.hanspub.org/journal/ass
https://doi.org/10.12677/ass.2019.87182

Simulation of Land Use Spatial Layout Based
on FLUS Model: A Case Study of Huadu
District, Guangzhou

Xiaoning Mat, Peifeng Lin!, Meizhao Chen?

!School of Management, Guangdong University of Technology, Guangzhou Guangdong
*School of Society and Public Administration, Guangdong University of Foreign Studies, Guangzhou Guangdong

Email: zhengrongbao@163.com

Received: Jul. 10", 2019; accepted: Jul. 23", 2019; published: Jul. 30", 2019

Abstract

China’s urbanization process is now in a rapid stage. New urbanization requires us to guide the ra-
tional expansion of urban land use, improve the efficiency of urban land use, promote the optimal
allocation of land resources and the rational layout of urban space, and achieve regional coordi-
nated and sustainable development. Taking Huadu District of Guangzhou City as an example,
based on the 2010 land use status data, the FLUS model was used to simulate the land use status in
2015 at 30 m x 30 m scale, and the reliability of land use status in Huadu District in 2015 was veri-
fied. The Markov method is used to predict the land use of Huadu District in 2025, and establish
three scenarios of cultivated land protection, ecological protection and compound extension to
simulate the spatial distribution of land use in Huadu District. Results show that the Kappa index
of the FLUS model is as high as 0.8869, the overall accuracy is 0.9132, the FOM index is also in line
with the standard level, and the model simulation accuracy is high. The land use spatial layout
under different scenarios is quite reasonable and scientific. The simulation results can provide a
valuable reference for the national space planning.
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1. 5|8

W65 A BRI T A A DR A J , ST 9 5 AL A 4 Bk = R R 20 AR B 5 R 2 R A2 R3] [2].
BT 0 DX 35 b R P A A R T L B A AR A, o R IR AL L T S I R A A R . X AT
SRk RS A BRI FELSE = (3] [4] [5] [6].

90 FARLASK, FEBEAE HFE TF 500 A SR AN, I H 2 B2 5 R0 S 56 AR 45 A AT 98 07 OBk 2
FIFR G EAN, DA AON IR, o R B S AR AT DU TN I T R A PR AR T
L EERE RG] ToH B CAWE N —MES B A, AARBIEIE R RA MG, £
BLAUMI T 47 FE ] 23 e A 5 5 e A e Atk i s 1T R AURR R 3581 (9], H CA RRALAR Bp A7 A I AN o 1A
20f b R AR AR 45 S AE AR [10] TAEK, N 1 #m CA AU Lt R FH 3 &8 A8 A
PARKEEE, V285 CA BT i, A %38 R R KL B AL S0 (PSO)Y R AR 4 3k AT BE ML AR AL
DAVRADANHE [ 11] [12], B 256 HAMBiAL, AR 3 BRI PR 58 52 e PRAN B A 3047 05 3, ToUiN 2 K BOR
X A= A AR (520 [ 13]; Arsanjani 58 N3 S7 7 ALHE Logistis [FIEBIAL ., B/RA] REEA CA B FIR A
B, DAZRE BARMEI R RA ST ER, A SB[ 14]. (B2, HRjRH A5 5 |
SRR T SRR T i A, R T & b R AR R, M DU IR L b S R [R] 1 3% 4 S A L5
[15]; XI/NFHRH T 36T CA BB FLUS (Future Land-Use Simulation ) %4 41, & JE T 45 45 e vE % 1) 1 3 B
PRPESE LS, REREAG R AL BE &b L bR F SR BUAH B 3 AR e VE AN S 2, MRk T BB AR 16] .

H AT FLUS #5587 358 17 FH b 34 30 5l s ek A 82 R FH[15] [16] [17], {HIE S Z 36T B2 m
1) L bR 2 ) A SR AN 0 AT (R 2491, AW 5T AT MM T AR ES X ], DA T 99k A B As, it
& AR BRI, 51N FLUS BAU%F 2050 42 ) = 3t oR 2 60 A5 J5 2 AT R BL TN, 01BN 76 0 X R ok
[ 2 (A R R A B 2%
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2. BiEKBSHRFE
2.1. #IEKIE

A T E s R YR B FEIEHE X 20104 2015 MR HBUREE . 7N T 3R] R AR R
(2006~2020 4E)) «  (FEHBIX LR SRR (2010~2020 45)) « FEHBX M DEM $dl. (MW St
FEQ018 )  (e# X HRAED At & R EHE) EEE 1),

Table 1. Data sources

= 1. BURKRIR

ETE st HRRRAE B R

N E T DEM (30 m Z¥[1] 73 ## 5) Hb 2 7 [ £ 4 2 (http://www. gscloud.cn/)

KR TEHRIX 2010, 2015 4E - Kb F) FHBUIR it TEHBIX ] 1= BEY AR R RS

SR €7 i s AU A B ALI(2006~2020 46)) I T SRR 9 R
CHEH DX 3 ) S AR 1)(2010~2020 4F)) TEABIX N BEBUR P

NS E(2018 £F))

CHERBIX [E [ AT 2 AR 1) JUIMTGETH R s . JEERIX Gt S

AR 2tV E]

b R B Sk 1 R AR S A O, AR AT B R IR 2 2R E(GB/T21010-2017)
17038, ARSCHEBAATTR 2 0\, il ubki, i [ B 0N S T it 7K S KA
et . 22 f P R HAB I 3 . 7E Arcgis10.4 & E, MR I BRR K B2 G A1 DEM 58 bt
U fE s BB VU S ERG . BRES . FEACK B RS DRI AR A 2 A X S R A AR

22. ARFE

FLUS BAL R TR SES) 5 B AR08 4 DURCR K R B S SR A, s
R JEELR H 70 B SIHL(CA), FFEAL S TolE B SipL R REal EA 7 BCR S . 78 FLUS BB Sk
122 2 B A5 22 100 2% 55325 (BP-ANN) M — 30 = i R I 0 5 60 5 N SRI5 30 5 B AR BORE I 22 A Bk ) B - (3t
o Sl AL, BORAE T T FRECE- 28 s SR R AR S0 V0 N @ B AR, SR5, R TR A W 1Y
B ST TE S AL, ok B AR R STE B3k R AR st R P S AR LR AL PR AN B 28 PR AR b
fif FLUS B8 BAT B RIS L, SRASI 0L T SEBR ) M 8 0 A1 4

SR A 2 R RTBM 2 NS FE AR . RS EMREHRIE 3 RS, AR N[18]:

L 1
sg(g.k.t)= Zn W,k stgmozd(netn (g,t)) = Zn W,k XW (1)

ARA sg(g.k,t) FonH k FhRT I MAEME go W) ¢ RS B PERESR . w, A2 RETRLUZ A% 2 TR AL
H; sigmoid()/2 R B HZ R B net, (g,0) RARTESR n ANBEIIT ) ¢ EAMHE g HBIR1E
To KT 2 SR AR AR I 2% VA IS B sg (g, k1), FEIEARRS TR ¢ S p B, S ISR RS
HEMEZRAEE N 1, B

zksg(g,k,t)zl 2)

A FE A0 2 W 28 IR B SRR AR (R A T 15 25 5 SR M (Uniform Sampling),  HA4F 2 #2851
M SRR SR, GRS ARYE 0 e BN 12 2, 25K 25 R 330 7 D7 RO A% ot 2238 3
—AAL B JE — RS BP-ANN B i, f 245 2 SR T AR B T X P R PR
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FLUS #A B 3& RS 58 G HLI O A% Ot B IE R TR, RDRRSE 8 1 R B Il e 5
b3 TSR R R S R E , RIS RE T AT B G N R, AT S b i B [ i€ H AR RE[19],
55 k M FIMBAE ¢ I TR]_E B S N R A 44

-1 -2 -1
Ail || <|pi|
=2
Ail—] x k 0> Dt—2 > Dt—l
i k - k k
Ai, = ! 3)
DI*Z
-1 k t—1 =2
A" x—— D >D;">0
k

A, D DA e 11— 2 BEZEE kAR AN R MR B S R R A %
£ BP-ANN HER TS A IROE B PR B R SR, Id CA BEARLEAC, 4 2% 287U FH 1t 2 15 S HIHA%
o Mk g 1 ¢ I RO IIER & BB 1!, T ROR N

Tp., =sg(g.k.t)x QL x dig x(1-sp, ) 4)

Xe sp,, WM IR p BRI k I RA; 1-sp,,, RERREHARELTRE: Q) NABIEIE
M, Hax0n:
Y vncon(py' =k)

NxN-1
Ah: Y veon(pl! = k) FIRTE N x N ) Moore (AR E 11, b Uk FREEHUG 55 K RIS & 5
wi 98 FH SR B LA A E . A ST SR A 3 < 3 Moore $1U48, CA AR ELBE 4 300 K.

WSRO F FH Kappa $E40F1 FOM FREORIGIEAS B BRI RE LAk Ut AR 2R 76 124 X 87 FH 7 ]
FEMES

Kappa FR#UZ 1960 4 1 Cohen $ Hi T K L1587y 848 LR 15— BURIAG 3677, ik L4 Rl FH
HARAAR Y R R FE R ER IR, HA MR Ron TR KA, RFRTRR BB 2K,
— AN ICRFR BT AEARWE TR SRR IS SR S BRI —E, Kappa RECTHE AR N[20]:

04,-04, 204y
Kappa = £ 04, ==—=—"“— 6
PP = o 4 N (©)

t p—
Qg,k -

- ®)

X, 04 25 I SN 2 (overall accuracy), Kb E—BENUREA, BDLLE RS R A s — 5
MIRES; OA, o BT ARARBL 238 A B 25 5 - 1 R R BICIR B8 A — BRI s m S R FH 2803
B, NAFEAREEG OAdxx NEE kB LR A R 0 RIORE AR H , 200 s R 5 bR 58 42 W)
&H, Kappa R2FFE N 1, Kappa REGE KT R G

FOM (Figure of Merit) & ALAE , /2 1978 4 H Pratt #& H FH RIS PERE PEAN 1 77725, Hork A R [21]:
1 Ny 1

oM = max{Ne,Nd} = (l +ﬁd(k)2)

(7

Fort N, FoR R RS2 SR B AN B, N, Ros SR B R FH IR B e AN 4G B KT 0 FIRE &R
B, A 1/9: d(k)EE kAP R 1 2 PR L bR ARG 76 5 fdle (1) b ) A0, 45 SRR e i R S .
FOM f8EUMEAL T 0 B 1 2 (8], FREO/NZHFELCE W, SEIEHIEIN—4, FOM fREUE AKX
T 0.01 AbrdEKF-.
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3. ZRE S
3.1. THFIRELERET

1) M4t
HiUJE % e s 2 OB FH B 07 10 A 2 DL R AR g, T TR A% o i e AR AR S v AR
A E TN R, R A T 70 3% 28 AR A3 B A st P B 50 1 IR (J 1)

Figure 1. Topographical factors
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Figure 2. Reachability factor
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PR B KR I 2 R O s AR R, R R AR I ELE BRI AR A G, TR RTK R
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Figure 3. Water resources factors
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Figure 4. Social environmental factors

E 4. HLRREE

5) BUNEUR

BURFAE O 2 B BRI EE S 10, Rfmim A AN EEZR R —, Sl Ahny BA
HHE AR, IR LR T (FEFBX A HRI(2006-2020 4E)) H 1 #B X T A4 FH AR
X RN AR A5 8 22 4 P 1) XA A PRk 1 R 2R (1) 5)
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Figure 5. Restrictive factors

5. IRFIMERZ

3.2. THMEEESH

FEAEHRIX 2010 4 R BLURMIS Bt A in Bes , K AR 2 SR D1 (A Sl fS b AL A
B, R SR SRS ST A M I 1) 20% R T FoNIIZRREA, BGRRBCRAR I 2 i BN 12 )=,
{1 BP-ANN AR TS0 — i A HI SRR AE 3B ERE B PERER, S EVERER JUE 1 R3¢
RUAEZ XIS b3 A B AT REE -

1) Mtthsd BRI Al

ik 6 Fon, AERIX MIE B R AL R EIRE, KPR, EMREAG )R, & B AR O
SEH X B it XA W) &, S BIM AEAE A A B R i) L b e BB DX B i i B . AR
KE, MIUAERR T AR, PRSI AR, FE L BEHS, JERBPALES, e Wi, JRde. 5D s
SEFHAL, VA SRR R AD VG A X 25 S DU R A& BV MRMBAEAEIR. OB E . ORTIERTIE . WS R
PRI, FEABRP AR, OD B HRAN 7 S ATE A 0 B A

Figure 6. Forestland suitability probability
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2) B e A
Wl 7 s, AEHERIX A EE B ERER B G, SRmi 0N 0.58, UETBRAE 4 X AE kAL E,
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Figure 7. Cultivated land suitability probability
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3) IEEAS K A bl PR A

Wk 8 B, WA B T S AE AR AR IX b 881 S B A G B, 3 S v A 1 DY O
S90S, LA TE N R AE BVERE . 2 IE IS B SR R X A O X, A R X
s bt 0. BHENDSMAE O R R G T R, TEMATIE . FHAamE M B, IR
G X 2, WU T A3 R g o HLA A0 DB 2 B FE S R T O X B X, 3 R

Figure 8. Suitability probability of urban villages and industrial and mining land

8. WHEMKIH MitEEMHHR

4) [7el i EL A A

ik 9 Fro,  REdE BRI AR R, AR A PR AL A A R S E A, AR, LA
VU R IE B ZE I R R A3 DX 2 0 AT AR AR B MK SRR X o R R AR 2R B e b
PRI BLE R 58, ALy SRS T o i ) 58 57 44 DX AR AT i (R B R 1 0 22 R I8 2 S A L
PEEGRAE A oty , 6L BB E B HhoRIe . 26 LA ZR B A IUBLBOR AR A
PR AESAOW I B R R A A A A, EL X B B BRI A R
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Figure 9. Park suitability probability
9. EMEE MR

5) ZRI B KRB it FH & B A

WP 10 Fraw s KIS KR P st S AR I B PR AR AR AR, B 0.56, FEAEHT DX I P AT 2 P i
PERZSRINIX,  ARALEA PEARYOE B PR RSR D, P AL IS B MR 59, AR BRI | B T AT (L =45
AT FALIE EME A, RS R A AT E TS ) RO o KSR K R Bt P b A R P b X R A AR TE
PRIEE . FOPBANEARE, ROy ABTE SO L B P AL A AR e 5 5 AR MR 2 e, o RSe il =3t
WK KA BRI K 62 AR/ D JER BUE B LR st O UK, %K A 4292
JINLTTAR, RACH X AR, ) MR KK

Figure 10. Probability of land suitability for waters and water conservancy facilities
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6) AZIHiz e IS B Ak A

Wk 11 R, A2 e A AEAE AR X R AR B AT /N Rl B R IX A B AT I L R AR R TR
ARDCI A, P 3 P P S A X 3 70 ) 6 A R B P DL S AR SR R AT (2 AL, LA |7 1%
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Figure 11. Suitability probability of transportation land
11. Zi@EmAEE SR
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KA, ZRAFNINAERAL . KA R B X SR . S R AT X R AR F5 MU Al 52 Ak
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Figure 12. Grassland suitability probability
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8) HoAth FH Hhd FL A

AR 13 Fras, AEHRIX R E A P HE Bk st X 7 i, A X B 59, 5 B A R AR AT T
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Figure 13. Other land suitability probability
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3.3. ESHIEE

HM GeoSOS-FLUS 1~ REATHIUHT, B 14N EIGMIMS Kb, 30 2580 B e i AR HE B R AU B
T, AFEESEE 2 R A A5 R 224 .

1) et A [

Rt ATERE T BB R R M B ek 2, 2 R R R SR VR R ) — R A, Rexs
PR RAME R E N 1, ARV ZHRE RN 0, SHEWME 4~15 Frx, VR T Ai8ia i
AR e 8™ F s CLA A Fott P A T3, DROA T MR N & TF A IX, i BRI b i 22 5 2 i
s JUPANTTRE R M AR FI M, O T SEIR A R O BAT DL, AN AR T S iz
WA Al SR vt , AT REM LA A2, SR AR A R AR L, AR 2,

Table 2. Conversion cost matrix parameters

® 2. B AERSY

IR IKA B m AL IB A B Al

st W Pl e T Fibh
B 1 1 1 1 1 0 1 1
KA B KA
v 1 1 1 1 1 0 1 1
B K
e 1 1 1 1 1 0 1 1
(7] 1 1 1 1 1 0 1 1
2 I
= 0 0 0 0 0 1 0 0
Bl 1 1 1 1 1 0 1 1
oAb H 1 1 1 1 1 0 1 1

2) ABHAEN T

ABIBBCE K7 T e B AR LA I S5k ae o, ABIBCE R TR0 EA T 0 B 1 20, ERE
1 FoRiz A SRR A9 5K AE B, G 0 o1z A FH S8R 09 5K RE J7lkss

AHIT TR S Bt DL E UL K 1, ARHrE B IR AR (8 sk PR, HAEAE#RIX 1AL AR
TR X AR TR B M RS 1S, P LR ATISA L A7 BN 0.85 FEARIX 8 T 23t BUR IS LI,
HIEAE T AR AL RERE T, SR IEAL T3 5K, R AR A AT AR Y I A e e e v I3, i AR
I T AR Z R TR B0, R AR E R T BB E Y 1, Bt B, BioMH A 3t
I TR RS, A SRR ] 7 BB DY 0.5; 75 8 3 S8 FI A A S8 B KR B it FH 3K B2 J T AR
T ACIETE B BOK AR B, R AR AT IR R A KR EEARAL, B I i A O A&
KAERKIAZS, DR KRS, FrCR AR 7 IE R E N 0.1,

3.4. BUERS S

LL 2015 AFEAEHR X R BRI St A 9T a6 2808t 5 2 2R B OB 0 AR R - A P R AL 00 %
EAENARRIUIE, WK EVEABR B X (K 15), [0 FLUS A5280 4 oy A\ T4 A 5 4 DL s 79 31
2050 £EAE [ HUACRR T BAEARIX 3t R 22 (e A5 R R O (13 16), St Gon e & 14 For.
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Figure 14. Comparison of land use type pixel numbers
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AT, R FRENLRAE S IR 2 AT 25 S 25080 A 10%H1R 70k 4T Kappa
TRk . LRSS, AU SRR AR B2 90.49%, Kappa 16300 0.88, #5445 FUks LA B “ M f:”
fobRifE, BHUZRGIIREREAY &, SRR . 285, FOM 547 0.0327, AT hrdEK-F,

L KP4 o

M 15 v, 5 2015 SEPURMEARLL, 2050 45(H AR 5O MG e aid L ORFERR e, bk,
FH AN AR L K T 0.64%- 4.08% 81 4.28%; BhHb. KIS KRB F M [l b AR EEA K T
HA A T 0.1% 2.01%- 0.65%F1 0.53%; Sz fi B AR FFAAE . JorbbRat . B R0 H At A i )
BN 3 BERYR TR AKIRA AKCRI Vit Tl AR 2 AT R R, DX b R 2 A
ToR R ZIAEAL . 5 2050 AEFRIECRAR L, 2050 FEASHEE SR L R Y 2 bkt o 7ACas B AR 1t FH 3
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Figure 15. Limits the conversion area
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Figure 16. Huadu district 2050 forecast scenario

& 16. £HX 2050 £ IE=

HI7E 3 AT, 2050 SE U S & RSk EORRRE AR, A /NS 3R S A A AR
FRI ARG . R A AT A SR 2 A (e R 17 UM e R a5, bRt T 28 0 K358 B /KA 8 it
AR [ T e ds s Bt R B R IR e D, b K38 B /ORI B0t P - el st Rl B K%
T A AN T AR RS 5 K380 R KR it P 4t T 222 1) RS AR B T P M 4% 5 [l bt 3= 22 1 At
IR KA it Pt RRARCRS B T IR AS 5 SRR B A P o B prg ARt L 7K B KA it P st
s ZZEIBH AR A RSB G; FH T E IR BN S T RS s LAt Al st i 45 SR B4 /b B i
PR . WEER T I0 LA, MR AR ICR F M N OS2, AT 819.45 hm® Hofth 1t R I 3%
TS bR, A B A bR A B SR IA 0 TR FH 2R, 545 600.32 hm? HAh - b ) Y 257
P BRIRERRS e TH I, BV 3 AR P 3t A ) e A i s e

Table 3. Land use transfer matrix 2015~2050 (unit: hm?)
% 3.2015~2050 £+t FI ASEHIERE(BRAL: hm?)

, K8k B 7K F) WA R L ik
bR 2R 5 N A i LAth £
bR FH 2R R Hh b e [7e] by P P i HAth1-Hh
Pt 34549.44 7.00 146.11 70.86 299.49 0.00 11.48 19.37
i 14.35 10726.90 34.44 20.81 22.24 0.00 0.27 0.18
RIS K
N 330.79 39.56 13796.96 84.13 192.30 0.00 6.82 6.01
5 it A b
el 3t 92.56 33.90 80.90 10079.49 66.02 0.00 0.81 224
IREEAT S
. 377.70 25.83 128.35 59.29 18010.08 0.00 40.90 34.53
Lo
Zilig
0.00 0.00 0.00 0.00 0.00 479434 0.00 0.00
i FH
Fidh 1.26 0.72 3.23 135 18.39 0.00 776.66 0.45
HoAth - Hb 2.78 1.08 1.08 1.79 1.79 0.00 0.18 1243.88
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FAA AR, SEERIEADL Kappa R2EH FOM REIIERIBRAEKT, BHURHCRIE:, &
W] FLUS MERIAERI R P Zh 25284k L REIE BBy BAR M ROR 5 S FE] 4 2 [A) LRI A R AL 400 PR 2%
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IMABU SR 2 rh, B BE— 2T R 25 R U 7T, DAIR i SRIR O BURE BE, s LS & BRI R 242,
HEREAT AL R . HASCHRBIT T FLUS AR B IX 20 RS DX P AL R, x oAt RUBE A - 3 A
MBI IE FVEA itk — PR

e HE
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