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Abstract: The ecologically sensitive area of the Three Gorges reservoir area is located in the throat area of the ecological
barrier in the Yangtze River Basin, which is one of the key areas for biodiversity conservation in China. It is also the western
hub of the economic belt of the upper Yangtze River. The contradiction between resource protection and economic
development has become increasingly prominent, and thus, the problem of an early warning for land ecological security'is
worthy of attention. Because of the considerable significance of understanding and finding a solution to current problems
concerning the national ecological security strategy, there is a certain reference value for determining the degree of early
warning for land ecological security and examining its temporal and spatial evolution in the ecologically sensitive area of the
Three Gorges reservoir area, thereby further improving the regional warning for land ecological security. An eatly warning
indicator system for land ecological security was established based on a pressure-state-response ( PSR) framework. An
entropy method was then used to analyze the early warning for the ecological security of land in the Three Gorges reservoir
area, Wanzhou District. In addition, using spatial statistical methods, the spatial distribution and variation, and spatial
correlation pattern of the degree of alarm for land ecological security in the study area were evaluated and analyzed. The aim
of the study was to provide a decision-making reference for the planning, management, and ecological protection of regional
land resource utilization. The results obtained were as follows. (1) The warning degrees for land ecological security in the
study area in the period 2000—2014 showed a continuous upward trend, and the area with a higher land ecological security
alarm continued to spread from the central city to the surrounding Wanzhow District. However, improvement in the range of
the land ecological security alarm in the period 2000—2009 is more obvious than that in the period 2009—2014. It is,
therefore, clear that 2000—2009 is the key period for the change in,land ecological security. (2) The ratio of C,/( C,+C)
in the study area increased from 2000 to 2014, indicating that the impact of non-structural factors on regional land
ecological security continues to increase. This is consistent with the rapid economic development, the intensified use of land
resources, and the frequent occurrence of regional natural disasters in the past 14 years. (3) The global Moran’s I of the
study area in 2000, 2009, and 2014 was 0.7823, 0.7772, and 0.775, respectively, which indicates that there is a
significant positive correlation among the land:ecological security warning index on a spatial scale, and that the degree of
regional land ecological security wartiing has a strong clustering at the spatial scale. (4) The areas of “high-high” and
“low-low” in the study area showed a'gradually increasing trend from 2000 to 2009 and a decreasing trend from 2009 to
2014. Furthermore, the “high-high” areas are mainly distributed in the central city and the adjacent areas, whereas the
“low-low” areas are mainly located in the northwest and southeast regions of the study area, where the extent of land use is
relatively low and vegetation coverage is better than that in other areas. The “low-high” areas around the central city will be
a priority area for. urban development. In terms of future land use, it will, therefore, be necessary to strengthen the

protection of the “low-high” areas.

Key Words : Three Gorges Reservoir Region ; ecologically sensitive region; land ecological security; early warning; spatial-

temporal evolution
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Table 2 Early-warning grading parameters of land ecological security
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Fig.1 The space distribution of land ecological security warning degree in Wanzhou District

http ; //www.ecologica.cn



8234 A E = 378

F3 HREX 20002014 EETHESREEFBMRENR/hm’
Table 3 The change table of land ecological security warning degrees area in the study area from 2000 to 2014

2000—2009 4F 2009—2014 4 2000—2014 4

- Hb A A A p— P - During 2000—2009 During 2009—2014 During 2000—2014

- 2000 R 2009 N 2014 A
B = B /0 i) E

Area in 2000  Area in 2009  Area in 2014 R SEREL % T SMOREL % [ SHIMIREL %

Land ecological security

warning degree Area Incre'ased Arp; Incregsed Area Incre'ascd
amplitude amplitude amplitude
Ji% No Warning 153002.25 52224.80 47351.38 -100777.45 -65.87 -4873.42 -9.33 -105651.00 -69.05
T Light Warning 116970.19 114868.90 110289.26 -2101.29 -1.80 -4579.64 -3.99 -6680.93 =571
H Moderate Warning 51207.80 114701.03 133997.63 63493.22 123.99 19296.60 16.82 82789.83 161.67
H Severe Warning 15653.63 45284.53 36699.30 29630.90 189.29 -8585.23 -18.96 21045.66 134.45
E% Huge Warning 8820.67 18575.29 17316.98 9754.62 110.59 -1258.31 -6.77 8496.31 96.32
ST Total Area 345654.55 345654.55 345654.55 0.00 — 0.00 — 0.00 —
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TR R e, ARG R B 1 R 4359174 0.838.,0.949 ,0.961

x4 HRRIMESTRCEERRTREY

Table 4 The variogram of land ecological security warning degrees in the study area

M1 Period B Model Cy Cy+C Ay Co/ (Cy+C) R? RSS

2000 s 0.002503 0.005003 48892.7 0.5003 0.448 1.013x1073
BRIE 0.000610 0.004420 22600.0 0.1380 0.838 2.972x107°
EiRe 0.000040 0.004510 24900.0 0.0089 0.835 3.046x107°

=10 0.001120 0.004420 18879.4 0.2534 0.834 3.05x107°
2009 Ak 0.002289 0.006442 48892.7 0.3553 0.746 7.734x107°
e 0.001010 0.005590 34300.0 0.1807 0.949 1.551x1076
R 0.000340 0.005880 40800.0 0.0578 0.946 1.638x107°
[=En 0.001430 0.005530 26500.4 0.2586 0.937 1.926x1076
2014 o 0:002073 0.005936 48892.7 0.3492 0.784 5.415%x1076
BRE 0.001000 0.005170 35900.0 0.1934 0.961 9.781x107°
P 0.000450 0.005490 44400.0 0.0820 0.959 1.021x1076
3 0.001430 0.005110 28059.2 0.2798 0.946 1.343x107°

Co PG .C MG Co+C BB AN LR R FEANERERSS k2%

Tt AR A (] 53 A0 HAT S B0 | L3 1] 53 A0 52 25 K P DR R R BE AL [ 3R (PR AR S5 R PR IR 22 ) A 3L
FAVEI AT LR 25 () S5 AR AL SR AR DXl 4 b 2 2522 47 I s Al A% g B AL N TE LB, BB ME €, %R
I S A2 ) 119 2 ] AR S AR E S 1 DX sl A A 2SR B0 1y W IR AR A, R (8 R ) DX 3 - b A 2SR B 53
A1 FEAILPEBGR . FE S B Co+C) Ferm 28 [ (19 fie KL S R B8, i 5 (BB R, DX 3t A 2R 100 1) 25 [ S Jo 1
580 Co/ (Co+C) RN BENLIEAS S o AR S 1 L8] 12 LU B 8 e, BE AL DR 22 B, BEAILPE R 2R (AN 42
TS T B IR ICE LA NG s 25 2 A5 PR 3 (A A8 e I S | - ST Al 2 2 5
DI i A A ARG S [0 AT R 3R, 8RR A Sl 1 DIl A AR 2R 100 2 ) 1 AH SC RUBE Y L, 7 R
] BE S TR A FEIA, DU B3R (R AR 25 ) FAH O ; 75 DU 85K B2 BEAILME A0 A

2000—2014 AEWFFEIX A i A 2520 42 i 1) e 4 RO 2 A0 3 5 DA 2000 4E 19 0.00061 15 h 5] 2014 4F 1Y
0.001 , R HIWFSE X FEHLIE P 2R B P58, AT 2, €,/ (Cy+C) 7E 2000 42009 4F 2014 4E53 512 13.8%
18.07% ,19.34% , 3 WAL PRI 22 XF DXl A b A 28524 48 J32 245 ] 43 S 52 W R4 0y 328 A0 380, 3X S AFFE IX. 14 422k
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2014 ARG IX 4 M A= A2 7 g 23 () 43 S AR R 430 o 2.26,3.43 .3.59 km, T DLE HWFST X £ A= 38 &
JEE A DGR BN TE AT 5K
3.2.2 A5 [H)GERE SCHR M A H

(1) &)= A M 5Pt

FIFH Moran’s 1 F8ECH 5 DX 5k - b AR 28548 4 T i 00 25 (R AH DG TR AE AR B . 2000 4F 2009 42014
AEDF S DX 3R 4 b AR e A FUEHR U Moran's 1 {E 53314 0.7823 ,0.7772 ,0.7750 , F& 1A S W& f T [ 4 34 2 B
F 5 X ol A b AR e A B AR 25 6] B BRI IE A DG, 384 Moran IS 81 AT LUE P IX 43 B — X B il i
DX IR HEAE A AH B G R . Moran U K70 4 DR, 5B — 2 R F s S—m R E (HH) S8 R RERR
R—mRE(LH) 5 =2 R FRI—RAE (LL) SBHE R R E—IERE (HL) . K 20H, S AE R
A AR A B R E AR AR HH R LL X, D34 T HL LH P X R IS8 Tt A A 22 i B
A A 25 [A) IE AR DG | 25 [A1 42 SRR E 3 | R B - b A 25 20 e B e 25 ) A7 et TR RE BN 4

Moran's / : 0.78231

Lagged 2000EWI

2000EWI
Moran's /: 0.777163 Moran's / : 0.77504
43

Lagged 2009EWI
Lagged 2014EWI

-4.7 -2.9 -1.1 0.7 2.5 43 -4.7 -2.9 -1.1 0.7 2.5
2009EWI 2014EWI

B2 Lit&ERRENESEL Moran # = E

Fig.2 Moran scatter plot of early warning index of land ecological security
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Fig.3 The LISA cluster graph of local spatial autocorrelation of land ecological security warning degree in Wanzhou District

M3 e 5 0] LUE H42000 45 m—m TE AR B PO 7 PO IR IX I AE £ B R AR I DX,
(JRIZIEE | EZIENE SRR VT EE R A | I P B i BRI A | e AR
FHFHE Lt S ORIV | R AR R R R RE R KGR )RR NEBE KRB BT S
BB M S WA TR . PO IR R AT X 8 IS T N X 2 Pk E S bRk R X s H P4
TR A T H AN TG BRI, AR A A B AR (B 4 A AR R, F A M AE RS IX
PEFR IR B KA PV A1 & B AR pE R B A kT S e B S, S —af i £
AR R IR (O ) A B AR — 3 AR E A D O e e I | R RER
AL R SR N R B SE rPUC IR X T AR S A R AT DX < i — AR (AU R 0

2000—2009 FEAF5T X+ M Az A e e i < il — i " (HHB X IE AN A & AR AR b (B RS Rl — 259 R, %
SERSEEH NEEE RIS £ BURER A0 AN 3 DX SR RE A R B | R SR 5 S B R — = T E X AR R T
2009 A m—m T E X, AR—AR(E AR i T L5 2000 4R FEAR— B0, 204 AE 7 N DX PG A a4
RF N JE IR A3 KB KR SRR L S RTIN IXKARREERIR AT & e 04 & B RS
HilX

2009—2014 AEAF5 X A Ml AR 252 A i < i — " (MU R 2009 AR A T4 /)y, FE 2R B2 o B KO
BSR4 e — i (B IX A T AN B 2 XU RN BE A S o e — (I A T A — ™ B X < AR —AIK " A
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Fig.4 The LISA significance level graph of local spatial autocorrelation of land ecological security warning degree in Wanzhou District

£5 ANERIMESRLEERMB=EAEX LISA BRFEITR

Table 5 The LISA area statistical table of local spatial autocorrelation of land ecological security warning degree in Wanzhou District

B E MK Significance level

e R Y e A ~ i AN

Period  Cluster type Non-Significant Significant (P<0.05) Extremely Significant ( P<0.01) Total/ b’
TR .4l THIFH He Bl TR Bl
Area/hm? Proportion/ % Area/hm? Proportion/% Area/hm? Proportion/%

2000 N 173625.74 94.40 10299.87 5.60 0.00 0.00 183925.61
B —5 465.72 1.03 7989.58 17.60 36934.24 81.37 45389.54
R—1% 2093.75 1.98 36048.93 34.01 67851.20 64.01 105993.88
— 1509.47 17.42 5376.42 62.05 1778.54 20.53 8664.43
m—1ik 645.04 38.37 997.79 59.35 38.25 2.28 1681.08
N7y 178339.74 51.59 60712.58 17.56 106602.23 30.84 345654.55
2009 NS 163126.03 97.19 4718.17 2.81 0.00 0.00 167844.20
] 396.10 0.71 12556.58 22.39 43132.95 76.91 56085.63
TR—1i% 8908.80 7.62 39077.35 33.44 68877.25 58.94 116863.40
fK— 742.79 16.32 2950.88 64.84 857.28 18.84 4550.95
1K 4.17 1.34 205.91 66.34 100.31 32.32 310.39
N 173177.88 50.10 59508.89 17.22 112967.78 32.68 345654.55
2014 N 167217.46 91.97 14583.96 8.02 9.40 0.01 181810.82
] 2859.59 6.01 4102.01 8.63 40596.52 85.36 47558.12
fe—Aik 6197.62 5.63 39373.92 35.79 64433.25 58.57 110004.79
f—ns 526.41 8.75 3923.36 65.18 1569.65 26.08 6019.42
m—Aik 55.57 21.26 126.76 48.49 79.06 30.25 261.39
N 176856.66 51.17 62110.02 17.97 106687.87 30.87 345654.55
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