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Abstract; Optimization of land use usually focuses on quality structure as it considers the maximization of economic,
social, and ecological benefits as the goal. However, space structure optimization of land use under tourism ecological
security constraints is hardly done. On account of this situation, only if the optimization of quality structure as well as space
structure is taken into practice under the constraints can comprehensive land use efficiency and ecological environment
improve in tourist cities. A typical tourist city, Zhangjiajie, was used as a case study to construct an tourism ecological
safety evaluation index system, and the optimal land use structure under the tourism ecological security constraints based on
the Lingo model were determined using the Grey linear programming method ; in addition, measures were taken to configure
the optimized parameter structure in space according to distribution rules, and finally, to optimize land use space with the
help of the CLUE-S model. The results showed that 1) the comprehensive index of tourism ecological security in the year
2015 was 0.7394, indicating a relatively safe state. Specifically, that of the environmental pressure on tourism resources was

0.3231, that of the tourism environment condition was 0.2789, and that of the security degree of the humanistic social
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response of tourism scores was 0.1374; thus, the tourism environment condition and the security degree of the humanistic
social response of tourism are lower than the environmental pressure on tourism resource. 2) Under the optimization of
quantity structure, the areas of woodland, water and construction land apparently increased, while the areas of cultivated
land, grassland, and unused land decreased. Predictably, the comprehensive index of tourism ecological security in the year
of 2025 was 0.8196, which was 0.0802 higher than that in the year 2015, but which also indicated a safe state. Thus, the
optimized quantity structure of land use plays a significant role in the ecological security of tourism. 3) Under the
optimization of spatial structure, many positive changes have taken place in land use, and they all present more reasonable
spatial distribution of land use. Woodland is distributed mainly in mountains and hills in Sangzhi County, Cili County,
Wulingyuan District and the southern part of Yongding District; construction land is mainly concentrated in Cili County,
Sangzhi County and the urban area of Yongding District; grassland is mainly located in the mountainous areas of Sangzhi
County and Cili County as well as Wulingyuan District; cultivated land is distributed mainly in plains and hills of Cili
County and Yongding District; utilized land is distributed sporadically in Cili County, Sangzhi County and Yongding
District. In conclusion, the results of the study will provide Zhangjiajie City with technical reference points that will

facilitate sustainable use of land resources and construction of tourism ecological security.

Key Words: tourism ecological security; optimization of land use; CLUE-S mode; Zhangjiajie City
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Fig.1 The location of the study area
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Table 1 Evaluation index and index weight of tourism ecological security in Zhangjiajie!?*)

THE A HZEEB AR C R L4354 Reliable index WEW
Project A The factor level B The index layer C Attribute 2015 4F 2025 4E Weight W
il WE G IR IR BT g NS UNEREE/S: 5 3 ] 0.66 0.66 0.03
Tou.rism resources and TR R K 2 9% g 1.00 1.00 0.11
environment pressure
AEIHk e 1 AL hm? 1E [ 1.00 1.00 0.07
%
R BT IR ﬁ;{i@? PR B (BRI vl 1.00 1.00 0.07
e Vi b A S % ea| 1.00 1.00 0.05
+ Sy AN T Rk AR 2 7/ (kg/hm? ) 3 [i] 0.00 0.18 0.03
HiLJTT 9 E A7 R A/ % % ] 0.00 0.36 0.04
Yt A 25 e/ (hm?/ JT ) 1E ] 0.11 0.14 0.03
Jite Ui BRI TR A ARG KA/ % 1E [ 1.00 1.00 0.06
Tourism it R/ dB 1) 0.75 0.82 0.02
environment status
PR 55 %/ % 1E [ 1.00 1.00 0.07
25° L 3R E AR L % T [r] 0.14 0.57 0.06
+ Hu I FH 454G MBI AR HE R/ % 1E M 1.00 1.00 0.08
- b R T FRA B A= i/ (kg/hm? ) 14 0.91 0.92 0.05
K 2 AR L il % i [a] 0.00 0.52 0.04
it e A St 2 g B ARSI PR AR B R % e 1.00 1.00 0.05
Tourism HeIFERBE IO B A RO L % iEf 0.86 0.88 0.07
SUGI&] response
iIMERE HHEAHE S GDP LB/ % 1E 0.34 0.46 0.08

= POR EEORIET 2015 FCRFE R SHHEL)

R2 KRAWKFESZTEENER
Table 2 Evaluation results of tourism ecological security in Zhangjiajie

R G ZHEHE Index system

G R S IR FE ) S PR HER L il A\ SCHE 22w et

Year Environmental pressure Tourism environment Security degree of humanistic Comprehensive score
on tourism resource condition social response of tourism

2015 0.3231 0.2789 0.1374 0.7394

2025 0.3438 0.3274 0.1484 0.8196

3.3 iREE AR SR ERTERA
R ] MO 5T R , 25 G ik R AT S BRIG O0 , FFAE B A O L K By Sl I ki A= 82 20
EARBUE LRI h 4 DY WIR G4 RIANG 4 Wi 4 44 A THBIFTERRE(FR 3) .

R3 RFEESTEENIS

Table 3 Division of tourism ecological security

el 7= FA %4 [R5 73y
Type Unsafe Slightly unsafe Relatively safe Safe
Frifi
0.00<V<0.25 0.25<V<0.50 0.50<V<0.75 0.75<V<1.00
Standard

V, BRI A% 2 {H Integrated tourism ecological safety value
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SR e U B 2R, MR L KA ikl M AR B P RIAE 1.6% AN A S LRI b, 2%
Ui % % 2 % i U 55 X B 7, 2025 A1 i e b 8 570 %88 R AN R 1.6 % , G v it i e DXUEL TR R 120200
hm? e s X d SR T A 7 B i s A e R 1.5%
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PRK G T e 9 VR P A1) P e P A e e e A A5 PR T 7R 32 19918 [, 2025 4 ik T 9% 5 R FH st B N A 0.
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X,—-42682.46<2491.02 hm® (13)
AL TT SR, AR 7 S A T - b 1) R0 o3 B R s A ) FH i P 25K 456 R R A b %) 5 R
AR, BRI 2025 4F R & S B AR B Az A PRI IR & A5 o AR AN 8 i 1814.32 hm®
X, =4623.36-1814.32=2809.04 hm* (14)
IR S PRIE T /K B 5 i A 25 | 9T /K Sl ARV 3 2 38 AR E 2025 4R 7K sl T AR A 22 1 i
1250.72 hm?*, 255 2015 42K FRE) 5%
X,-1250.72<23835.48 hm’ (15)
4.2.3 7 HireR%L
A 5T LA BT TR |45 P 2 A i A 2838 e A R A8 1 R A, E ST B TAE R R GRS (1 B A bR S
it Ui A 2 2 A F KA SR G ST 1Y) L b R AR 254 . A2 28 R 8 B AL T AR A 25 R 55 400 1L 1) 6 2 BRI o b 55
NHRFFE B> IR AT 2 X 15 P bR A 1) P %) 2 2SR S5 0 24 552 R 1,00, A sk R AR i AR 2
RGN ARSI E S (£ 4) . BIRRBIRE R .
maxf(x)=7.9X,+28.12X,+11.67X,+45.35X ,+X+X, (16)

T4 KEATESRGERMARESRENELE

Table 4 Equivalent value per unit area of ecosystem services in Zhangjiajie

BEHL(X,) M (X,) Hih (Xy) AKIR(X,) AW HH(XS) RAFHHL(X)
Cultivatedland ( X, ) Woodland ( X, ) Grassland (X5) Water body (X, ) Construction land (X5 ) Unused land ( Xy)
7.90 28.12 11.67 45.35 1.00 1.00

4.2.4 RALESROHr

PRI ARAF IR AT 2025 45 T A AR PEA I 28 (3R 5) o Herb bR R A sl e ARG i B 662 435010 48 o
7 22586.77 hm®Fll 1250.72 hm?* | 3% 3= Jek K ARk ALK 38 A9 A 25 R G0 IR 45 (4 5, L TR G 386 A R 42
i FUARAE R R G B FRVE T DO BRI 1 SR I H I RE 7 5 10 a 152 FH b 0 36 o 00 0 R0 300 Rl i e e 2 it A 12
FIVOR PR i e PRt A JR o 5 IR R, Rt | b, R0 A ) Y b %) T RRUAT BT 0l 20>, 4 ik 2D T 22517.57 ,1996.62
hm?* 1 1814.32 hm? , = ZURF-HFHE 701 FAF FH 0 A2 25 R G0 MRS I (EAR R RAIG, H = AR i AR S el s AR
Wb A KSR, it 5 2015 4 L MO FAR B EAT F A, 2025 A 5T DX B0y T BBk A 24 6 fop | M I O %
FEAL B ISl A 25 e IRBE M 250 DA b B pF i A b R A S TR i K GOk A ]
H A R L AR B 7 GDP A58 AR 1 2 AR 0 I, 4351k 0.18 ,0.36 ,0.14,0.82 ,0.57,0.92,0.52 0.
88 .0.46, ik lif A L LA TREGLF] 0.8196( £ 2) , Hb 2015 4F427 T 0.0802, kb T2 4% 4,
4.3 SETORARAT R A0 25 25 FH Hb 437 R0 DU B i

ARG Logistic $EHAS b A FH S AU 5 43 A FL] , P4 AT SR BRI S 48 32 H] CLUE-S #2AIX}
T MR A SR A T2 R, AR ST X 4 A AR G043 SR O B e S e 9 BE RS S a Y
i HEYGEMNIER 52 SUB A IE R % 6 MUK 7, I F AT A LA B B S R
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4 7 2 stat. ot SCIF, TR SPSS 13.0 1138 ] Logistic 325 [RIHBEAT G813 4, 5K AN 5] FH b 43473 1
[ U1 2R 58, % R IS R A8 A RO (3 6) o P BRI R Al A - 3 A g e B R O, RIVOBE R v A
R B0 R T BB 5T O B L RO (0 R B TR DG, B 5 o BB S B B,
MR B3t 8 AT REVEBOR ; 5 £ SUE B AYBE B 12 TUIOC, RIVES £ S8 OB , AR 204 5 TR BBROR . 0 o
A3 15 HITH B BE R £ URISC , RIVES A I, et o A ) ] BEPERICR AR A S5 009 A4 S S G A O, BIS59H)
TH P P AT AT ) TP Ml 0 A 5 5 B R e ) B B TR O, B L R g ) B L b b A Y T E
MBSO, HAK M 32 2o A e T RO G A L X, el i st A1 S v A SR B B S B0 weg 7 O R g
SEEBE I oA B0 AT REEAB ) ; 55 T rpoC B EL JGE I A BE B 52 URISC , B T o0 s EL GGE B O | S B o A
AT REPEROR,

F5 KR 2025 FLFIAERRLTR

Table 5 Optimization scheme of land use structure in Zhangjiajie in the year of 2025

- H ) 2 B INTORA Lt 451 LR A=A Lt 4] I

Land use type The status area’hm?  Percentage/%  Optimized area/hm? Percentage/ % Increase and decrease/(+ —)
HHb Cultivated land 156963.25 16.46 134445.68 14.12 -22517.57

L Woodland 693446.31 72.74 716033.08 75.08 22586.77

4 Grassland 31826.62 3.34 29830.00 3.13 ~1996.62
A% I # Construction land 42682.46 4.48 45173.48 4.74 2491.02

K8k Water body 23835.48 2.50 25086.20 2.63 1250.72
FKFFHHL Unused land 4623.36 0.48 2809.04 0.30 -1814.32

A3 Total 953377.48

R 6 FHFAMAER Logistic £ FHHIEIITRE

Table 6 Regression coefficient of different land use type logistic distribution

it 5WA HEGE R 5o QB ZIRH AR
b H A A g [ 2 FRI g AR 2 IR S AR R W AL fE
Land use type Slope Altitude  Distance to  Distance Distance to Distance to town Constant  Receiver operating
citycenter to lake County rank road rank road characteristic value
B Cultivatedland -0.059 -0.002 0.001 — 0.003 -0.002 0.385 0.775
Mt Woodland 0.076 0.003 0.002 -0.001 0.001 — -2.478 0.821
HHl Grassland 0.042 0.002 — -0.001 — — 0.196 0.714
L
U -0.023 -0.001 -0.004 — -0.002 0.003 -1.310 0.762

Construction land

4.4 MM A A AR R

H TSR FH b A R 3K 3l PR 744 52 %, DRI /K SR R ) FH M AN 2 5 5 () T A R T e 067 7 4%
P I3, B3 b DX AR A T AR AR A 22 AN RO 2R D 1k, AR AR A JR RO B E
(9 L A DA S R C e s ] b BRI  Jed 3k 6 R EVBUE S A alloc.reg SCIF, FRRE 5K S 5T - Hu Al
MEHALTT A demand.in ST, FFHE K ISFTAR I 55 A2 5 25 18] B B 59 JH HYE L5 A region. fil 3C
7,57 CLUE-S BB HAB S BV AE main. 1 SCIF R AT ICE,, A n] JRAT IR Z AT 2025 4Rkl A= A5 22 4
LGN B L R A 1R 254

5 2015 AF - MM HPIRGE HE A, DA IR ) A P 2 [ A Jey A5 55 B b 3 280 A A i R IX | S8 A
ELIE N e X 2R ELZR TR A L DX L RO RE XA R DRI O e 86 i DXt AR X A o, T AR SR AR AN (LR
AARGF RS RS, T HLRB S B3 T8 2 A 2 BT (8, W] B AE S EL AL 28R ELARFB LA Bk e X g A KR 11
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ARSI, S AE I3 P AL P 5 58 I DX B 1 A A 25 B, AN A M) T IR S DX ) I T
AT TR IR, i A RN J2 2 T 28R B SR ELFIOKGE DX, SN A b, B 1] v
Il DXV R4 9k S B R T2 XSS AR ] e N B AR S, HEE I K AR LY, Sl B AR ER A ZE A
SLrp A R U M S R O B TR B e B R R B v R R A L R B A MRS L DX B
BB IRIX A AR Jm) A8 A I SR BUAE LA A /D | 35 B3 A 78 26 A B RIKGE DX J s | b3l X R ) | 24
TR R DR A3 AN BTt 140 AR 50 A2 sl T b AR e (7] o v 36 114 38 A R o Y 4 X, AN B T
B 73 A, CAZ AR HL AR P T AR, B A e 2R L A AR E X, i Rt , 25 i
SRR oA e BB Y 25 ] BT , S B BN & BRAS  FEAR IR BB AR T | BEARAS R A A 255
fii , FRF e AR AR IR AR PP A T Al Fp e A (1 2, 181 3)

i ] i R A

Bt Lil RV [ PRt o st T
E%ﬂk =7J<iﬁ Eiﬁ%‘]ﬁﬂiﬂ! B bk WK O RF M
2 WRET 2015 £+ iF HIRE B3 KA 2025 £ LA A= ERLE
Fig.2 The land use patterns of Zhangjiajie in 2015 Fig.3 Land use spatial optimization map of Zhangjiajie in 2025

5 it

ARCLAFRF AT A, 15 e B IR AR B Lingo11.0 SRR BT jikiie A B & 24K T il
A R Z5 4, AR 53 A RN DG Ak JS 0% = R P S 25 A T e 25 1A |, )5 02 FH CLUE-S BEAUNT - il
FIHZS S5 AT E . EEESRIT .

(1) ASWFFE DR ViF B8 Y PR B e 7 i Ui PR B bR 0 AR i A\ SCHE 2 07 3 /> T 28 B T B A% J L ife i A 2
GAWFEDS A T RIS L2 AR TR KR 2015 4Rk A B L 245 58450 0.7394,
b T A A IR A . PP i U IR A B R ) R W A BEIR B AR N SC A 23 e 1 AR 4343 1 R 0.3231
0.2789,0.1374, Jite g FR R PR 0 R i A SCA 2 i 10 1) 2 4 3 AT, 6 BH 5 5 S TiT i Wi A A8 e e e i 1 —
I

(2) BT R R A MR iR SRR K R IR AL R S SR AR 1, LU e A= A & 4 B,
1z FURAALAERANE XS + MR R S5 - T A . 5 2015 4F b b R FIR B0 AH B, AR 0 7K Sl T 243 1) 3
1 22586.77 hm>F1 1250.72 hm? ; FE 1% FH Hh PR 3R T3 BE A 1A B 14 A0 75 205 T 2491.02 hm? 5 Bk | 5 A0 A1)
i1 TR AR A3 2D 22517.57 .1996.62 hm® F1 1814.32 hm?, IEALJG K R A i iR e AE B2 45 5485 h 0.
8196, Lt 2015 4FE42E 5 T 0.0802 , A4k J5 AR iFAE A& A BE AL T 42 4™ (ARAS U B AR AL 5 1) 1 1) 45 45
T ot i i A 2 2 R B A G

(3) A4 i MR A R0 EE , ASACEE T A b 1 FH R 45 A R4 T Ak, 5 LR X 4= b A 4 ) &5 44 F
it FERRUFAE L LR T B CLUE-S BIRIETT 4 MR F 25 (B S5 R 04k, 25 SR B . Mk G v 7
ZER L 1L X BB TR DX S L 1) Fr e i HT 7K DX R 0 5 i HH b = 28 0 A 7 26 B | SpE BRI 8 X
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DX R 2 B T R A B 2R EL AR L DRI 1 DX Bk b 32 2 0 A1 7 2600 B 19 B B Ko s XA I 3
DX RA I E R A e 2RI S BOkGE X

6 itit

(1) ARWFFE B MR BEIRPRIE I g iR i R R B0 AR e A SCHE 23 MR 7 3 AN JR TR A 17 5Kk A S T ik i A=
LRV R EAESE PR A AA7E —E B ULE , A0 3 i 2 RS 1 B 8058 B0 3t S IR 0 2B 25
LAY FUAR , AT RGP - 3t 1) P 5 e A 252 4R L O 2 B A | M) 8 S0 5 5 O MR 0 £ 25 42 4
CIECLINE- W e ER A iU

(2) AWFSEBEA ELHR IR A2 25 % A e AR A F s e B B0 - st F1) Bk 25k, T e ar i T AR S R
GEAR 55U (ELA) A R BSOR ) 122 PN ik 15 A= 285 22 e A 1) R P B 254, BRI R iR 5 A T fiE
PR BRI Ui A 252 4 B LY RS A AN A 222 A bofe B AT A — o e T AR D7 Y6 B BN e U £ 252
i AU ) LA A5 D AR T 07 i BT S A R
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