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Abstract:[ Objective | The aim of this study is to reveal the spatial and temporal patterns of nonlinear impact
of changes in territorial development intensity on the evolution of ecological security, provide a scientific
basis for promoting the high-quality development of the Wuling Mountain Area, and to build a strong ecolog-
ical security barrier in the upper reaches of the Yangtze River. [ Methods] The Wuling Mountain Area, a
national key ecological functional area, was taken as the research object, the comprehensive assessment sys-
tem of territorial development intensity and ecological security was firstly constructed. Then the spatial Du-
bin model was used to analyze the spatial spillover effect of territorial development intensity on ecological security.
The threshold model was used to clarify the nonlinear relationship between the two under multiple constraints.
[Results] The mean value of territorial development intensity increased from 0.195 in 2000 to 0.273 in 2020,
and the mean value of ecological security index increased from 0.282 in 2000 to 0.438 in 2020, both of which
showed an increasing trend of fluctuation. There was a positive spatial spillover effect between territorial
development intensity and ecological security. The spillover effect of territorial development intensity on the
exponential growth of ecological security in this county was significantly stronger than that in neighboring

counties, overall driving the positive evolution of ecological security level in Wuling Mountain Area. The
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improvement of territorial development intensity had interval effect on ecological security, showing an inverted

U-shaped curve relationship of ‘strengthening-weakening’. If the threshold value was between 0.158 to

0.309, the territorial development had a significant threshold effect on building the ecological security barrier.

[Conclusion] During the study period, the territorial development intensity and its threshold in the Wuling

Mountain Area gradually increased, and there was obvious spatial and temporal heterogeneity in the degree of

impact on ecological security, so that setting the territorial development intensity interval according to local

conditions became the key to optimizing the new pattern of land spatial development and protection.

Keywords: territorial development; ecological security; spatial and temporal heterogeneity; Wuling Mountain

Area
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Fig. 1 Overview of the study area
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Fig. 2 Index of territorial development intensity in Wuling Mountain Area from 2000 to 2020
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T BRI AR RE AR PR RE A i, s L X AEAE
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FEiit. HAh, 2020 4 BGE A7 B B Y 4 5 AL up
i AHE S AR BUR e 2019 4R R 3 AN 40 A5
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Fig. 3 Index of ecological security in Wuling Mountain Area from 2000 to 2020
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3.2.1 miEAR KA A ST PRI RS (A K R
W) SR ERE IR W) R B - JF &5k 55 4
BB Moran's T 5.2 4 1E , Ui & 1 X AFAE
RN T 25 G S B OCHRRE . 483K 3 AT, 2000—
2020 AF BB 1t X - JF vl BE 5 A L 2 AR
Moran's I $8E AL F[0,17, ¥ 10 %6 (Y 5 2 /K 46

B UESE W BAEAE IR AR GV RRE . [ T Aok 46 2K
B4 )8 Moran's T {8 K ECE D 3h T8 3, i mie i 5k
Bz 1L DX 23 ) A RRLL ™k, DX I 0 2 ] DG IR
Hh R, AL 2B 2R Moran's T {H7E
2000—2011 4F 2 P BT WA 2011 48 )5 & B 3h
AT, R’ B 1L X AR A% 40 28 AP B
LRI R S ST B B A RRHIE

®3 RBELRETHELZEBESESREMNESS Moran's I E

Table 3 Overall Moran values of territorial development intensity and ecological security in Wuling Mountain Area

Ay Tdi ! Es t Ay Tdi ¢ Es ¢
2000 0.152" " 2.258 0.296" " 2.347 2011 0.754" " 2.643 0.392"" 2.450
2001 0.422"" 1.769 0.315" " 3.401 2012 0.766"" 2.078 0.375"" 2.220
2002 0.508" " 2.168 0.351" "~ 2.888 2013 0.785" " 2.144 0.317" " 3.505
2003 0.525" " 2.667 0.291" " 2.085 2014 0.806" " 2.284 0.350" " " 2.878
2004 0.576" " 2.955 0.355" " 3.962 2015 0.818" " 2.367 0.301" " 3.225
2005 0.594" " 2.022 0.355" " 2.940 2016 0.828" " 2.444 0.291"" 2.085
2006 0.631°"" 2.724 0.3117 "~ 3.366 2017 0.845° 7" 3.288 0.243° " 3.452
2007 0.658" " 2.114 0.415" "~ 2.754 2018 0.859" "~ 2.745 0.223" " 3.176
2008 0.689" " 2.346 0.405" " 4.619 2019 0.865"" 2.245 0.235"" 2.356
2009 0.720" " 2.285 0.417" "~ 3.793 2020 0.882"" 2.374 0.252"" 2.678
2010 0.733* " 2.755 0.398" " 2.529

TR IR TE 1% ,5% 5 10K F R, FRE,
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3.2.2 EMAt ERALFAARMEAL PR 4 ]
HLAE W W AN FERE T Gl LMY 2% 006 46 5 AN
[ S 35 PEKSF R R 5, Ui W] SDM A B A 45 T+ SEM
2 SAR R BTG B VE s R LR A Wald #4612 i
SDM JE & [#4 l SRM 5 SEM #8445 R ¥ 78 104
KPR W fE 2 R AR B, B SDM R RS W] fif 4k
H3E 25 (] T B A, Hausman £ 55 45 R s, 7F
106K S35 0E S 18] 2 290 0oy A 5 S L 5 4 R
BT o BB BROHE T [ 7 2800 A4 5 ) A B AR, AT [
S (]I R A 25 A W A8 A] 2O .l g B R
23 B T A R i R A e A A R AR R AR W
W, T A R BUE Y e B 2= e 520K B3,
TIE ST AR R R 23 B 4 2R e L AR
x4 ZEVHERRERAERE
Table 4 Applicability test of spatial econometric model
GBS HAEEEW)  RIGEREREW,)

A ¥

e I Y
LM-log 2.347 0.125 185.76 0.000
LM-error 160.250 0.000 520.63 0.000
Robust LM-log 161.370 0.000 334.88 0.000
Robust LM-error 3.460 0.063 0.01 0.920
Hausman 137.510 0.000 30.37 0.000
Wald-lag 15.220 0.033 39.38 0.000
Wald-error 18.800 0.009 42.39 0.000
LR-lag 76.410 0.000 44,25 0.000
LR-error 74.890 0.000 42.99 0.000

3.2.3 =MEBx L FH Hausman #5657 A, £
T3 2B 0 E AL b 3 VA 50, X ERRL S e 1t ]
SE UML) 25 (] AL e A5 AR 4005 R R A T BE HL AR 1Y =5
() Ak FE AR AY 5 SR F LR A 50 A A, I 25 BT 5 R4z AH
T I [ ] A4 I 5 4 ) [ 0 B Sy AR AR S
6 I 2% 0[] 7 R 1Y) A (R AL TEAR R, R 5 Rl AT,
TE W, FI W, 25 [RUBCE R BT, [ 4 JF o B 0 AR 28 72
A0 1 H R B IEAE B AE 170K 3 R
A JF A BERG aR B b A R R S T B AR
5 DR RAF T, BUBR 1L X A 8 2 A Jmy B AR B2 90 IE
[ 36 Ak A H T [ T AR R [l I A B K AR R
Sk, Hozs 6] da 42800 AT RE Y BEAG T e 1= B 42, ORI
FAAW AT J7 15 5 8 ) A I 2% i B X AR B X R 43 B X
A A B A W R B R AT S 8] 0N 0 Ak

3.24 wEEAE LM (1) EH LI RRENESBL
EWREIHEHRE R 6. O HEMN . fELUFIE
B AR A (WO T o B s B2 800 1Y
SR ECR 0110, 78 1 067K b i 2 P A 5, B
B TP R SR B A T 1A B ORI E A L X A 2522
AEBOIGK 11.0 %0 s A N Sk EALE (W, ,

TR R RS T 1A K R A X A A
FEBOE K 9.6 20 , W, Bl W AUE JE R T A 1 X[ 4= JF
KR E BT B B AR A A e Ty E R A
ER . © [ 20 M. 78 20 BF B B 25 (o) A B O BE
(WO [ JF & i 3 X 48 XA 25 28 4 1 3k R R
K —0.059,7F 5 Y0 /K - Ll ad 3 ARG 56, B 428
] I o B R 4R T 1 AN B R 5 BOAR I M X A S
BRBUTRE 5.9% , bt s B 11 X B Sk s e o [ &
KN A Bl T KXo i 48 B A 2 A AR T AR A
YR B 25 8] 2 X A 25 4 A5 i s B LA 4 ol 8%
RN 5 S At S KT B B (W) R, R B o B K
B, @ ME . 15 W, W, 28 8] A 4R, ML
7 P B 22K R 0.051,0.079, BLZE 1% 7K F 13l
i G E VRS B T &SR B R T 1 A
RiF 4R KASTEIPOEK 5.1%.7.9% ., FERKE
X A28 | F A B AR B R on A S R e %
Sty o R B T AR S R G A AR R
M5 - T4 348 U 4k 25 i i Kk J AR A8 3R B I
LB S NS AR AL AR,
5 TEHERMEERGITER

Table 5 Estimation results of spatial panel Durbin model

75 [ AL - U 2 §IEﬂ‘/%?,fﬁ

il 22 S
Tdi 0.111" " —0.203" "
Eco 0.000 —0.039" "
Res 0.018" " 0.009

W, Stur  —0.038" " 0.065 0.534
Tel 0.000 —0.004" "
Gov  —0.088" "~ —0.098
Open 0.001" "~ 0.020" *
Tdi 0.096" "~ —0.005
Eco 0.001 0.034 "
Res 0.013* "~ —0.134" "

w, Stur  —0.027" " 0.039”" 0.481
Tel 0.000 —0.002" "
Gov  —0.086" " 0,097 " "
Open 0.002" ** 0.004" "

(2) 42 il 78 5 0 A= 25 2 45 Wi Y 22 S e R B
O 728 5% 1 2 2= UACH R B (W) T 8 0505 Tt 0
ST e 0of A 285 22 A 7 e R I sER v R O TE A
Pyfeam i 100K b 3 PR 5 L B AN 30 4 3.8 04
3.3 %0, Uk B8 R 2% A1 RO T30 P 05 0 ik Al A 5 2 4
4 SR B LR, R AR ot X5 208 DX I AR ARL L 7l
Sk [0 B T2 88 X2 O s B R T 5
XF AN T3 A BT S A A W) T 7 b 5 A A
] A A 2 e RE T R SO B AR R —
0,038, [] 42 8% N 18 280 B0 59 P8 28 A ol o I =5 1 A
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EAEEFE W) T 25 K GRS X SR IT %
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H25 ) 1 BEA L A T S B R AL h X AR
A SR X 908 10 L Jel B T Y 9 U R U S A BB B
GAFTE s 77 S48 FIBUMN I6 P15 28 5% B 89 25 1] AR R
B (W) TR 2R AR AL A B 7l 25 K 2 ) 7 %6 208 3 £
77 Ml T AR S AT B A (E 7 AR A i e
FVER O AR AR TR B AU,
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Table 6 Decomposition results of spatial Dubin model effects

- W, iz

it IERE3 g IR $22 3 1o SR IERE3 g [DE o KU
Tdi 0.110" "~ —0.059" " 0.051" "~ 0.096" "~ —0.107 0.079" "~
Eco —0.001 —0.057" —0.058" 0.001"" 0.031" "~ 0.032" "~
Res 0.019" "~ 0.019 0.038" "~ 0.015" " —0.121"" —0.106" "~
Stur —0.038" "~ 0.074 0.036 —0.028" " 0.038" " 0.010
Tel 0.000" —0.005" —0.005" 0.000" —0.002" " —0.002""
Gov —0.089" " " —0.191" " —0.280" """ —0.087" " —0.196"" 0.010
Open 0.002" "~ 0.031° "~ 0.033"" 0.004" "~ 0.003" "~ 0.007""

33 RBEUREITFEABRENESRENEL Y
A0
3.3.1 MM AR SHER  TYL S
F 5% JEL B o 10— 25 B A O 1) L 2 A% 50 FN B B 1k R
fif . &KHH Bootstrap [ £ FE D, B & il R A 500
U, T 5 AE 4G 50 5 9K &, BRI X B — ] A A5 7Y
EXCEIMEBEAR F ERKAE 1% /K i
EEAG i = AR F R B WA R R

L X TS A A 23 500 0.158,0.309 (3 ), b4k B
WAL 2 R X R B — TR AR R, TR A R 0.294 5 151 R 43
AT THEME M 0.171,0.303; F K70 A X T THE (8 N
0.199,0.302; 5t M 43 I X T TAR (B 0.213,0.260, W]
WLy ) A= I i B R 4 B DXRL 3 e IX P 52 ) e R A AT
TR 5 AN A5 R Z 5 e Ak B L X5 — 1) 2R —
1A P S8 B A A, A el B SR RS A I RN AR S R GE K
IR DR T K A X,

7T ITEHRRESTHEERXE

Table 7 Results of threshold effect test and confidence interval of threshold value

Il 5 1A i
X d5 I A AL AR F it & 95 %6 {5 X [A]
i o b 1% 5% 10% i S

. PA— TR 182.08* " * 0.002 106.901 60.468 51.792 0.158 [0.156,0.159]
R A X X ;

W [T HE 63.56° " 0.006 58.757 42.457 36.200 0.309 [0.303,0.309]
. TR 12.54° 0.000 28.027 18.904 15.732 0.294 [0.287,0.292]
Wik 41X o

WCEE [ A 65.32 0.210 39.409 27.012 22.607 0.363 [0.359,0.365 ]
. ) TR 64.797 7" 0.000 47.891 36.949 42.165 0.171 [0.171,0.172]
R 4 A X )

BUEE | THE 112.59°** 0.002 69.780 50.284 40.166 0.303 [0.300,0.304 ]

Ml 33.45" " 0.014 34.143 23.534 19.998 0.199 [0.190,0.200]
BERSRAKX X ;

W TR 18.86" " 0.027 26.855 19.742 17.488 0.302 [0.301,0.304 ]

TR 20.45" " 0.036 28.752 20.749 16.602 0.213 £0.290,0.300]
FM A H X o ;

WCEE [ A 27.20" " 0.045 35.113 25.398 10.727 0.260 [0.328,0.334]

3.3.2 M=y b MEER XA E, BT B B A T R A A 4 BAT S R IR AR

RS E BB TR A 2 2 A AEAE i 3 X RIS (R 8)
(D) #/NTFIITHE 0.158 B, 4 T+ + 7 & o B el 2k
BRI AE 1V A ) 5 A 50, 16 [ +
23 () R A S 22 A KA AE A VR L (R A A AR
BAR, (2 AT T00.158,0.309 ], A & RS
FIIE T E U D RE R 0 L A5 K S T e e S A Ak

(R AR FHAR T 56 — By BeA P 55 . (3) 25 T {E
5 T 0.309 W IR W B I 0T o BE B A 25 4
TRE B 2B 25 2R G 0 i B L A L B ke AR A B
PR TR 2 MR 07 ke iR L IX 2R G 4 A 2 AU
W P AL A 25 22 A0S . BT L [ =3 (] T
R A 25 e A R VIR L iR s B B U R g



296 S ol T S 1

o531 %

KA ZE W ENIE 1 R F AR )R [T 09 53 A 2 5 BA
RO R 2 AT 5t 2 ) T k5 A A S 4 R
BE B RAL S RE S HR RGN ST,
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Table 8 Results of threshold effect test and confidence

interval of threshold value

3 ZE A t 95 % B F X I
Tdi; (7<20.158) 0.172 6.61 [0.121,0.224]
Tdi, (0.158<<y<.0.309) 0.051" " 2.98 [0.017,0.084]
Tdis (¥>>0.309) =0.101"" "  6.79 [0.072,0.129]
Eco 0.036" " 31.49 [0.033,0,037]
Res 0.104" " —2.46 [0.039,0.041]
Stur —0.002" " 4.72 [0.018,0.043]
Tel 0.014" " 6.87 [0.010,0.018]
Gov —0.031" " —5.60  [—0.041,—0.019]
Open 0.096" " 2,31 [0.015,0.017]
_cons —0.101" " —9.61  [—0.122,—0.081]
R? 0.852

3.3.3  EPEFRELS A AR 9 WHLFEN TAEL0.158,
0.309 ], #14b i m L R 5 52 4 v DX O ks
X AR A AR R AR R 17.4%,7.9%,4.6%
2.4 %, FEAE 1 5 00 1Y PRG54 X >

WIRE 23 X > K X > M a0 B X Y 4 S
fiE. BRI . (1) 21 e Lok, LR N M 4% .0 &
PRI AL 43 DX, R & #5035 T I H AR PN K
SARBE” 2 R R 245 BOR S B 3, K T & e il
b AR AR T B A TR T AR L 0 b g 3
B B S B R S AR ASE R L [E A R R A
A SRR AESEASRRET. (2)
a3 B DX DL R 3R B0 SRy 32 5 L DO P AR BRI & R
T RHAEREERRSBERNAA S Eu
AR 25 SO 3 U 3 K AL s R 4 e X EL 3B o
37 A eEREE B E s B E TR K.
UL A A5 B IR BRI R U B R AR S R G
sha B R s A (3) ERA A
X T~ L TR fh Rk i X~ S A b XL D s R
W2 e A S | XAV RS 2L A R 97 sh i
R S I e 55, ) S B R R AR AR A IE
mfEHEE RS 55 . (4 Bt 0 K £ JF & i R
W ol = Bl 2 LR B A R Rl R bt A 3 RN B R A 4%
PNV S SIER R (ki S =R A A S
23 [ F & Re 1 L 38 8 AR/ 5 R L X A SR R
SR 22 B

9 KRLULRAREBEENSREESRENEN

Table 9 The impact of territorial development intensity on ecological security in Wuling Mountain Area

okt e s A X Wi X R AKX Mo X
AHAHE t AA t AAAE t AHAE t
Tdi) (y<0.158) 0.267" " " 13.46 0.109" " 4.52 0.109 1.33 0.166" " 4.16
Tdi, (0.158<C7<20.309) 0.174" " " 9.66 0.079" " 3.97 0.046" " 0.33 0.024" " 5.32
Tdi; (7>0.309) —0.120""*  —7.07  —0.003 —0.18 —0.046 —0.65  —0.249"""  —7.56
Eco 0.054" " " 22.31 0.032" " 19.97 0.082" " " 13.96 0.021" " 13.44
Res 0.031" " 2.06 0.022" " 1.89 —0.369"°* —8.28  —0.029"""  —2.69
Stur —0.010 —0.74 0.021" " 2.95 0.024 0.97 0.019" 1.87
Tel —0.002" " —415 0.003" " * 11.18 0.001 0.13 0.001" 2.06
Gov —0.079" """ —6.26  —0.013" —1.79 —0.018 —0.56  —0.019"""  —3.06
Open 0.006 —0.18  —0.001"" —2.34 —0.004 —1.85  —0.002 —1.42
_cons —0.299" " —12.04  —0.095° "  —6.27 —0.354" " —8.06 0.094" "~ 5.50
R? 0.889 0.901 0.740 0.895" "
58 DX I8P A K B T AR S R GE I D T AT 4 OT K

4 HRE%R

4.1 it g

(D Hrz=mAESENE2ERE—NE R
1) B A TR ok 2 , BV 4 25 [R] 5 X A A2 4 AR
LA ] @25 (R P A0 A0 s e, ELIZAE T R 2 B B
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A AR I AE A2 3G 58— 55 7 A 81 U A il 4% 56
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