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Fig. I The logic of city-level territory spatial planning core indicators transmission technology
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Table 1 Main types of land use in the territorial spatial planning of Changde city
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Fig. 5 "Human-land-industry" coordinated SD model of Changde city's territorial spatial utilization



2826 H % % | 2% i 374

PR AR5 0 5 il 1) 2 (6] 1) ) SD AN £ ZAR Fr () R ekl (£2) . IR RIANY
ZE T+ HUOF RGN R, A S T AR S A 5 AN AR R R b
PR SIS, DAZEH DI “LIF=Eih” AYEBEAE ) SeEf 4 b Be IR 1
R SAT . NOFREMZEFRE SN,  “ A—b—l” Pr T 05 1
23 BRI A U H s A 0 TR A o B JE Al
2.1.2 SDEAUNE RS

W SDEIRIPAR T [H] 24 2009 4F, 45 AR [E] Ry 2018 4, BFEIZERN 14E, DL,
PEHB TR AR S 16 4> EBAR ], SRADT S MRS/ 0T F SR 1 5 T SD AR RLE T T 45 R B
JE o MWEUERSEERA , D7 45 A8 B (e 5 B SE AR 25 39 7E 5% LN, 2009—
2018 4 A AR F AR 2, S 1) PR 22 R 7E 5% LAY (| 6), FBH “ A—Hi—lL” P
T ] 2 (B A ] SD B B B i T HEMES, Hoh FK S . Peldth . Bodh . THTH]
M, A AR B P M Rl K S W YR 22 R O B, BISERRE
THRPME, FEAME RO & R, IR s (A, Pel b KIS 5
ARSI Tk SR, LR MIEAECY, T M. SSE sk M £l B E 5 M

F2  “A—t—l” AR EETELI=EFASDERTELRE
Table 2 The main equations of the SD model for the use of territorial space in Changde city

coordinated by "human-land-industry"

TR FEGR A5 PRI PR E R 2 2

ANHT RS RP=TP-UP L, BHR
UP=URXTPxMRFxEFxERF LR, R
TP=PCXxWRCF it IR

WIRHE T RS WRCF=1-WSR A BHICHR
WSR=If Then Else (WSDG/TWS >0, WSDG/TWS, 0) A AR
UCL=3.875(TIOV+SIOV)+4.556x UP+14152.5 AR Lok ml
ALFP=MCIxGRxGYPU AR BHOCHR
TGO=ALXALFP AR BHCHR
IML=(-5.909e~006xTIAVCE+3922.5)x CLIUF AR EeaElE]
AFCL=(7.2237%xA0V+19052)x CLIUF B AR Lokl
CLIUF=DELAY FIXED {If Then Else {ZDI>LDICT, A AR FEIR PRAL
[1~(LDI-LDICT)/LDICT], 1}, 1, 1}
TL=(1.0915%FAI+9087.8)x CLIUF A EBeqmlE|
RCL=-16.7386xRP-9.84063x PIOV+123851 LR, ek mlA
TIAVCE=CECXIAVXPUIAVCE L, WL R
PUIAVCE=30200 W =

HEBWTFRE PCFD=4000 i —
FAI=0.9337xGDP-685.7 L, AR
GDP=GDPI<xWRCF ffiik R
AOV=0.9576xPIOV-65.495 Ll EqeaElE]
IAV=0.3644x(TIOV+SIOV)+150.52 A etk ml
PIOV=0.0186x4L-9036.6 LR EeatlE]

T ZHOADR™, Ak N IISER 71, TR (RARAREBOESE) AR R ALt FE A T 32—



114 FERSE A T A R O HE PRI ) 5 0TS 2827

MG, PR, 04
SRR Hskg sy

I i
-02 &QQ&&\@ 2e @ N 111‘1* ‘Q A $ *Hi& 4 49 40

WIREANIE, RUIMENER o
mm\ﬂﬂ%w%mﬂ&@ﬁﬁéﬁjz —
FR, WRHETEEEFE F
MK 10
2.1.3 MCE-MOP-GA B f4) ¢ -1.2
{5 FABTLA B 3 9 Vensim
/fjj Ej‘% ?U\ —T|Z f:" 4] Reahty Check )F;l; 6 2009—2018 4 = BLAR A 25 SRV MR 25 %
ﬁ% ﬁgl: Ej] %ﬁ T Q%’{% MCE-MOP- Fig. 6 The average error rate of the simulation results of the main

variables from 2009 to 2018

GA B kst E N 5 H 454 A SD
MR A, EARSEE SHN ILE 3, MCE-GA By dtuh K 625 19 5HEN, £335 15 4%
SUEMEEI | 4 Z5IE BN, 2SR A3 A B A S AR R RS | Rl Az sl
PRBE . NFURERGRREE . T =R sGlE i ebs . FeikALE R . Bt s A
B AR S 28 K 2 T R AE 3 ECHEE I A B AR - o v e L A . 3RS il
GRE . SR /K IR SR, ZUENTEMN S FRIE 82 I8 e . [E
PRSI bR e 5 5 18T B T & S5 R SEBRIE LM E . MOP-GA Fk 390 & 34 HR,
Rpzedk . A SHSMEMER, FERT SR AR s 740 78 SD AL
Borb, EJCAREUMCE-GA B RUSSJ, dkiaf o o 7T [ 425 Ja) MR AZ O Fa b i B
N AR, AR ARG TR IR BRI ARR IS OFE L, B+
B (IX) SO HERRME R EE (K3),
2.1.4 0T bR R

PR AR 2 gt . NHSBORGERRME =252, AR 15 &
BHRLE . EMASZTER., “WR” BBl m, T “=4" fhS
“CN—Hb—” PR E 2 AP SD B 2R A %, 3Ll GDP K& | Il fb R 5
NP BT R B0 Tl 3G e RHE 5 4 A S HIAR A R R AR T =47 RE
MLrERIE (R4), Hrfr, GDPHRK A SR GBREY . GuiE X Ak E %
Tr S WaEAL & R ST . (T E R 2B At 4 & A - DU AR LRI A 2035 4 H
PRAEL) ok FETT bR R R AE L sh AT e, B 2035 4R H FETT IR IL R 18 70% ;. A XA
R HATZ9 400 kg/ A, #FAH/NFE S HER R 437 kg/ A™, RER 2L
B B T 3G I (e A HE ik B 2 7% X RO A5 ) v [ ffk T 4 TG 450 43 T 9 BF 92 4 B B B
8, H COMiETE 2030 4E 747 IR BIIEAA ; A4R/AE A5 I HBAR Y /b 32 3 | i o vl g s s
WA AR AR B A T R F AT, DA R AR P W AR S R S e rh E R, S8
P OL R bR B 1) A BRI

22 MCE-MOP-GA F3E X “ N—Hi—l” PMAHESR T 5 48 [ 23 (3] A H SD B AIAR
AT S5 R 26 (F5) %, 2035 44 s [ a3 [ A 0 BAr& st . 4SS
FEBEE 419 11693.72427C . 10551842705 245.34 4470, LG RUEE A 12994.2544 7T,
AH FE 2018 4E H T [ -+ 2% 6] A B B0IRH2 755 207.75% 0 M 23 1] HL R 0 1% S35 b ok
F, 20354F M EHE AR bR . b SR E A T R R, Bk B b S
FHH RS Tk s 0 A 2A8 bR 2 fk s i A S A S T Re b i BV A2, (HLE
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®3 2035 FEEHEL=EF A MCE-MOP-GA Hik 5N
Table 3 The MCE-MOP-GA algorithm and rules for the utilization of land space in Changde city in 2035

EA iz SN ES b PET
Zitda Bbr - MOP, &2 (X, X, -, Xi) 12.96X,+71.56X,+1.1X:+142.02X,:+489.06 (Xs+ Ttk
Xt Xt Xot-X10)+238.97X+6.57X,,
AEAER HAR MOP, A2 (X, X, -+, Xi) 2.24X,+4.72X,+7.09X:+2.35X,40. 14Xt Xt Xt THIHITE
Xt XotXiot-Xis)+14.91X:,+20.34X
HaRGEE HAR MOPs &M (X, X, -+, Xi) Xi0.17(XrX ) 8. 14Xt X XXt XoHX ) T
MAEEEEREN MCE, R (8) X+Xot, -+, +Xi+BL=S 2y
RIEAFMEN MCE,  #HBEA (X)) X=RR b A 2yt
MCE; I (X,) 0.8x2009 4FAHT R <X < 2009 4FAIHH (E EAD
MCE, Ml (x:) X=HU R A 2y
MCE,  FHififl (X.) 0.8%2009 LEHI IR E <X, < 2009 SEHIUHH 2y
MCEs R A (XG) X:=1.2x2009 £ U it
MCE, T JHHia (Xe) 0.8x2009 4AFHI A {E<X; < 2009 4FH)HAR E 2yt
MCEs  zcidighi it () X, > 1.5x2009 4E4N I (E 2y
MCE, WA MR (X)) Xo> 2009 4F41 4R 2yt
MCE, R ERHMER (X)  X>2009 4E4) 1A (H AL
MCE, A Bt it A (X.o) 0.9x2009 AE WA <X <1.1x2009 4FWIIAH  ZIoRitE
MCE,  Fli/Ksims (X)) 0.9x2009 4EWI IR E<X, < 2009 4EWT I (& yrid
MCE,;, il (X.) 0.8x2009 “F-HI R {H<X.» < 2009 4F W IH (K D
MCE.  HA+#m (Xx.,) 0.9x2009 4F-HI IR E<X.s < 2009 4E W IR {H 2y
FA 1D MCEs B (BL) BL=ALX & B8 2yt
FIHRESEMEN] MCE.  HHi LR LR G382 (LSD 0.3<LSI<I TEH
PrEEN] MCE, % H#tstbfl (RURL) 0.2<RURL<0.5 &R
BELEN] MCE,  +#iJF R (LDI) LDI<0.15 BEINE D
MCE,  KBEEHEFIHRE (RW) RW<0.4 & EME

e AR 2035 AEMAMES % (R 23 ) AR RLR] (2020—20354F) —HURIKRAN) K (RS SR IRE R4
BB ANE 425 [P R B ety ) s BT REE R HER G R 8 (LS E2LI NI 5 GDP 34 K 5tk RBGRIEIFIT
MU M IFESRE (LDD) BUES ME PR E P2 A S EERE; AREIFRFIIE (RW) S 8 E PR 55
TF R T ™

R4 BEDRRRREREE

Table 4 Setting of Changde city's future development scenarios

Ap g 2019—20204FH{H  2021—20254EH(H  2026—20304EH{H  2031—2035 4F-H{H
GDP HiK3/% 7.745 7.500 7.000 6.526
WAL E /% 55.12 60.05 65.03 68.55
AP Rt/ (kg/ N) 400 437 437 437
BN Tl R RRHE R (1425C) 23800 18300 14300 14300
A THHBAE I /% 0.12974 0.11451 0.09564 0.07988
A S HIHBAE IR 3% 0.17145 0.14670 0.11710 0.09348

IRGREE “ HBORU” AR, JEZERLRIZ O X 02548 SR y& st +h &2 524845
JrTA, 2035 4FH 5T AT A 2018 4FEHE K 0.38% , kA A 14411 32.22% , GDP ik
10883.4447C, HH T 2035 A A “TACHEIRER” pyEst Hhr—2, H/KBEEMHL
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F5 ETFSDEEM2035 FinMESIEREEMNLER

Table 5 Forecast results of the total core transmission indicators in 2035 based on the SD model

LW s EiEt 2 SURIEEN LW s EiEt 2 fIERE N WA 4R b
UPITTN 409.47 TWCHL 46.79 URCL/hm’ 176991.45
TP/Ji N 584.96 X/hn?? 508167.00 CL/hn? 223981.08
PPUR/% 70.00 Xi/hm? 709550.00 Xo/hm? 45735.60
GDP/Z It 10883.40 X./hn?? 25377.40

20184F 171 13.98%, FFA W8T AL, Bolbdabn B ml Rl A 5SS A
BARTE, A BT ORI T AR A RO A S, T T (X)) 7
WG T 1) B JE Al
2.2 EFFLUS#EEF)#Z 0 ERR 7 Bzl
2.2.1 IR F-BEHE

o L (5 5 e e ST N = 7 NI 16 = I N T O 0K 7 @ R = A 0 W = A K]
JR), FRATH REH AR R RIUR S A AR R R 1), MR AR COBOEMT AR, A
SRINGR . ST I A =7 G 2 (DEM) . 35 (PD) . Himl (PX) . 4F
PIkEKE (NJJSL) . B3R (NJow) . W2t (SWDYX) . #iiiiif (GDZL) .
+ZEE (TCHD) . +3EFiH (TRZD) . WA (JGLJL) . FEEREKIEES (JTLJL) |
PEOK ZIEES (JSXJL) . PEACBAXAIIE B (JJTSNJL) . FEAR.OEIX RS (JZXCOJL) . R
LAt e R EE S (UINCIMDJL) . GDP., POI %5 ¥ (POIMD) "5 A% % (RKMD)
18I sh A+ (1&7), f& B CLUE-S A5 File Converter I HX H 12117 [F + 2% [A] A8 fL DK
gl A HE 7 U 5 58 B Logistic M1 4341, i3 ROC (Relative Operating Characteris-
tics) WM AT A1 ([&18), BRECHLAY ROCEME/INT 0.7 LLSL, HALHLZE R ROCHYI KT
0.7, RPN 18 NGRS PR ] Ay e o i Al (] =223 (R &1 A = (1 AR AR
2.2.2 ZE[AIHS RS

F IR 5 13 A GeoSOS-FLUS AL At 38 35k ANN Il 545 21 i i1 [ + 2 (8] 5 & F
MG EHERPREZ, WIET QSN AL CABBI L (IR , R EILARIE S
B, EAREU ARGy (1) FH R IR T SD AR A PSR AR S G T, SN 2 H AR T R A SEA AR H
ARSI A LA BRI 7, SR E SRS A B 22 G AR | AR
SEHPIMEGE, i EARBUR TR MR R R B ok om B 5 AR AR s MR I s, 158
2018 412035 47 fl i [ + 25 [0 & 5 A A% B AU ZE R (B19) . 45 2018 45 # fl i
] 23 (8] S PR A AR SR FE X A0 Mr Al 1, Kappa 2808 0.95, BEAKEEEK0.97, FoM R2ECH
0.03, FEH] FLUS BEBURTIDI ARG BE R0 0Y, 2035 4F 5 1511 [ -+ 23 [l 48 Jm 4Dl 45 S bl i R
RESR RN, A FIT IIHE bR 1L 0 A BEABIR AT o
2.3 ZNBIRA RN EESR

PR AR bR A 5, FETH U O bR BRI e ) At b, W BTN B (X)) #
OFEPR RSN IR 53 X o A% R s ), Horp F b FE AR 4% S 56 T 2035 4 i [ +
23 (AR AR B ZE oy X Ge i B3RS, S @I einikias B (. X)) a4k
KRBT AFE R HO B A B st SESAE AR 0 53 XA S AR AL, AR A A A H
TR AR bR G 51 e S AL TA T X B Hb A ) 80% M BRIER , 2k i 4 4 97 40
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Fig. 7 Simulation driving factors of territorial space utilization pattern in Changde city
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Fig. 8 ROC curve of core conduction index based on logistic regression analysis
a. WA b. 201844 c. 203S4EAEL)

&

A

kil 5 -

R - H A SR

o Hith = B

= [ = [

=S AR

=% = W

ik [k

= B = Pl

o= HoAl = Mo+

= SRR AR

= T FH = T FiH

= AE B = GEE

= R4 A HBGE A = RS R A JHIHE

Bk A Hh 0 30km Bk F 0 30km

= R EAERE R A —— O R ——

P9 sty [ s ) A A PR A SIS

Fig. 9 Suitability probability and simulation results of territorial spatial development and utilization in Changde city
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EPCRFERE CHRORE” R, B A e B (. X)) 4% B H R
FE, BRI BUR DR E (. X)) AR A AR HAA AL, B, S
A E S . oM, KIS WA A - M A S TR O, SR A R vk
AR AL RITE S, BREAREIEE (T, X) E:a MRz mirn L 45
R (5R6) . LAMEHL R VR I b T AR A8 An R 1530, BFSE A B A i A b i A 2
BLGEN G rEaY, 2035 47 A8 T B R L 2018 4E 1 0.41%, {H20354FE% 5 B |
SIX . DUREL L T S VE L AR TR AE AL 45 A L 2018 AE AT BT R R, 4 e
1322%. 1.68%. 8.06%. 3.5%50.99%, Hh s EMim A i, x5
U] 90 X S FH el 0t XU e 1 S A A 06, R T AR A T LA T PG IR o 38 X A
BRENRE N, TEAMEDE SEHLH” TAE, nsei . B9, FERk. MRSans
5y, emscnigoll s/ miiis yea i . R E AR AR S SO TR, A hiE sl
e P B A A A AR ARk L, AR AR [ 4 R 52, AU 0.9%; TREEIX . ATTE: .
78 SRR B Ak b e RO R, P kR B S B R R R R X, B
UM L 2018 AR 4338 K 5.72% 5 1.89%, 7K A LA A H AR 4 i AL AR B 38 T 215 FH b

R6 2035 FEEETELTEAMIZOIERESER

Table 6 Transmission results of core indicators of Changde's territory spatial planning in 2035

Bobtabs A REKX X Zg i ER Ea IRy s  BRERE ArE el

PPUR/% 2018 90.7 53.1 44.7 42.6 47.7 48.7 42.6 46.9 67.7
2035 96.3 71.8 61.8 63.0 63.2 65.0 67.3 65.0 77.1
VZDIDN 2018 74.6 82.8 53.2 81.1 78.1 43.0 85.1 58.7 26.2
2035 74.5 82.6 53.3 81.2 78.5 433 85.9 59.7 26.1

GDP/JIJG 2018  1416.8 340.8 193.0 297.17 358.0 178.2 368.7 278.2 158.2
2035 41973 1049.2 593.3 905.8 1103.1 556.8 1136.9 856.6 484.4
TWC/im® 2018 30677.0 48374.0 39373.0 47362.0 46081.0 25780.0 55643.0  81909.0  14374.0
2035 42187.5 609382 497579 58452.0 58917.5 339434 69667.2  76220.6  17808.9

X,/hm’ 2018 10226.8 869923 525713 70243.4 744463  44837.7 961542  48486.5 221345
2035 10557.5 85529.7 50876.0 64584.6  75856.5 44393.4 101656.5 533539 21358.8
X;/hm’ 2018  5228.1 686364  752.2 42518.6  41516.4  37073.9 259097.8 2574933  8999.5
2035 5359.0 65982.6  443.6 40740.7 40703.8 367444 2551482 255325.6  9102.1
X/hm? 2018 149.6 468.1 404.4 1671.2 4501.2 2643.7 2852.1 15525.9 671.3
2035 110.3 261.1 401.9 1507.1 3455.7 2143.2 2237.4 14839.1 421.6
URCL 2018 121422 22240.7 10447.0 21213.8 22228.8 12507.7 26186.6 158144  6454.2
/hm? 2035 14679.1 25904.7 134948 27457.6  26402.0 148589  29823.7  17446.7  6924.0

CL/hmy’ 2018 14680.3 30186.8 157499 268935 28661.0 157529  33299.1 20064.5 8136.0

2035 19451.6  37628.8 188427 297235 31849.2 17766.2 39607.4  20653.8 8457.9
Xio/hm? 2018  788.0 4740.6  7336.6 198332 89173 1467.2 2467.8 1306.4 2044.2

2035  719.1 4190.6 70932  18452.0  8620.9 1224.7 2510.9 1043.8 1880.5
PBFPA 2018  8437.1  72377.6 45384.8 59812.2  64448.1 38479.7 840483  41601.5  18898.5
/hm? 2035  8710.0 72377.6 45384.8 59812.2  65669.0 38479.7  88858.0  45777.7  18898.5
EPRLA 2018  1922.0  4366.0  5878.0 38540.0 32354.0 14260.0 97205.0 129728.0  5763.0
/i 2035 2056.0 4366.0  5878.0 38540.0 32354.0 14260.0 97205.0 134330.5 5763.0
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Longitudinal transmission of core indicators of municipal
territory spatial planning:
A case study of Changde city, Hunan province

CUI Shu-giang"**, ZHOU Guo-hua"’, HE Yan-hua', PENG Huan-zhi', BI Fang-ze'

(1. College of Geographical Science, Hunan Normal University, Changsha 410081, China; 2. Hunan Key
Laboratory of Land Resources Evaluation and Utilization, Changsha 410007, China; 3. Key Laboratory of
Geographic Big Data Development and Application, Hunan Normal University, Changsha 410081, China)

Abstract: As a key content of the city-level territory spatial planning system, the vertical
hierarchical transmission of core indicators is of great significance to the optimization of the
municipal territory spatial utilization pattern and the overall planning. Considering the
inadequate and imprecise research of current index transmission, following the research idea of
"core transmission index selection—logical index transmission technology construction—
multi-scenario simulation prediction”, this paper takes Changde city as an example to study its
core indicators transmission of territory spatial planning in 2035 "City— District (County)"
conduction. The results show that: (1) Based on the technical transmission logic of "indicators
global total prediction-spatial layout simulation-regional classification transmission", through
the comprehensive utilization of SD and GeoSOS-FLUS model, the core indicators of city-
level territory spatial planning can be transmitted effectively and scientifically by combining
"top- down" and "bottom- up" processing. (2) The SD model of "human- land- industry"
coordination of land space utilization in Changde was constructed to obtain the total number of
core indicators for territory spatial planning of this city in 2035, and the corresponding
comprehensive benefits of territorial utilization will reach 1299.425 billion yuan, an increase of
207.75% compared with 2018. (3) From the indicators transmission results, the social and
economic indicators of each county (county-level city, district) of Changde will maintain an
overall growth trend except for the size of permanent residents in 2035. The boundary
indicators will achieve "only increase but not decrease". The changes in land use indicators
vary, but they are generally in line with the main body of Changde. The direction of the
construction of the functional areca, and the core indicator transmission results are in line with
reality.

Keywords: territory spatial planning; longitudinal transmission of core indicators; SD model;
GeoSOS-FLUS model; simulation prediction; Changde city



