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Abstract: The aim of the present study was to examine the impact of ecological location factors on forest ecological security,
establish an evaluation index system and study the internal effect mechanism of its spatial correlation to evaluate and monitor
forest ecological security.Based on 80 counties in Jiangsu Province forest panel data from 2000 to 2015 were analyzed in this
study using the entropy, expert, and fuzzy matter element methods to calculate the forest ecological security index, which
was adjusted according to the ecological location model obtained from the meteorological and terrain indexes.Moreover, the
combined use of ArcGIS software, ESDA and CSDA models in the present study revealed that (1) population density, unit
area energy consumption and proportion of reforestation area are the most important measures; (2) the area with the highest
ecological location coefficient was mainly distributed in southern Jiangsu Province. Further, the area with the lowest
ecological location coefficient was mainly distributed in the northeast; (3) the forest ecological security status in southern
Jiangsu was better than that in northern and mideastern Jiangsu; (4) regarding forest cover change from 2000 to 2015, 65%

of the ESI index of all counties in Jiangsu Province showed an obvious declining trend; (5) the overall spatial correlation of
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the forest ESI index in counties of the Jiangsu Province was significant,but the spatial aggregation in 2000—2015 decreased
and Low—Low clustering was more significant( P<0.01) ;and (6) the diffusion and reflux effects between the forest ESI

index in the counties of Jiangsu Province were concomitant.

Key Words: forest ecological security; fuzzy matter element method ; ecological location model; exploratory spatial data

analysis ( ESDA ) ; confirmatory spatial data analysis( CSDA)
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Table 1 Forestry ecological security index system
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Table 2 Evaluation table of ecological location coefficient
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Fig.3 Ecological location coefficient map of Jiangsu
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HARAR ESI B 255 A IR 25 5, 4Nk 3 B

F3 IIHAEERK ESHEH2BREXKEE

Table 3 Global auto correlation test of forest ESI in Jiangsu

GO R EE I fE iR T »
Year Moran's 1 Expected value Average value Standard error

2000 0.232134 -0.0159 -0.0147 0.0546 2.95 0.001
2005 0.253590 -0.0159 -0.0157 0.0555 3.01 0.001
2010 0.292519 -0.0159 -0.0168 0.0554 4.07 0.001
2015 0.176211 -0.0159 -0.0156 0.0541 2.9 0.001

FE AL A 5615 999 permutation ;7' TE%@T@%{Q,T significance test value; PP E%[‘iﬁ%{a,P significance test value

MAGIG 25 AT # il T P<0.01 MRS, 200 42 Jm) A AHOC IR AE 99.9% B A5 T 3%, LIV R A B
AR ESIAFFERE N B 1 25 [ A SG M . A ] A8 fE &, Moran”s 1 48 BU7E AN [R] By BE 522 80 H A [R) B4 RRAE
2000—2005 4F-, 23 [Al AH A B/ MBEE F T ;2005—2010 45, 25 (8] A S ) 30 K 0E 1 7F 5 2010—2015 48, 25
[ RF S U] HE B 2 ) R R, (BN BV Moran's T F850A AT — 2 FE B 0 K, 158 IH Y 95 4 B3 ] £ 2R
ESI 75 [R R AR DA P TR RE

WE 5 Fi7Rs ,2000—2015 4FVLH44 42 J7) Moran's T HUS KL T — =R, BV s —m FIK—{I 27
A X (5 32 T oA, R 5 I S 1 2 (AR | 2 bR ST A vy 17 DX BLAH B 2R A T A AR DX Lt A
R, X B E AR R X E GRS I A A VR T, AP X B R A 10 I 45 X L ST i — A
B A7 TR M), T R A — V1 22 B PEAR R . 2000 ,2005 4F VTR A T4 — 4 BR 545 = 4 B A B34 Bt
ASHEY T 20102015 4F 55 =G FRELBN R0V 10 2 T4 — R BR, BTV 548 EL A W] 0 A AR AR AE e 23
TP RN 22 1 B3, T AR A SR e 22 X EL A SR AR B P i 2 T IX L B, I oA B s i ka4,
FHJFEH  FETF 2010 4E 25 , St TR0 & R A B AR R T AR ACRAR I, B A A A% A L A V1 B
BB 2R AT RARZ G AN AR A ph e mT UL S5 A A A T R A e U2 2 1 A —AIG 2R
I 2 fe B R
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Fig.5 Global Moran'’s I scatter plot

3.3.2 b EH AT

RT EIRA MU T AR EST 38 BUE VT I 45 Bk =22 (8] A4 2 (8] 2 A 18 O, R A 3K (10) B2 GeoDA #1F
Al 2zl 2000 ,2005 ,2010,2015 4F{T9548 BISRMRAE B2 248 50 LISA R2EE, Hidid P<0.05 ()& & A
55, 6 s,

& 6 i 1 4% X 22 8] (1) R 38 A AH 56 6 2 |, High—High 2678 2R bk EST i {7 X 2k & 6] 5 1 X B4 [
Low—Low & IR1E X B AR X B, Low—High 2 /nIG(E X B 4% (X B, High—Low 678 M {E X
HYMREIX B, i i LISA AR AT LUK BL: (1)4 DR, Bk Az 2528 24540 High—High R IX
B AR TR R HL D, AR Te8— 5 Rty (2) Low—Low 2 58 X EL I AE v AE VT 95 ZR AL s — 71, DA,
TE W B AT (3) WA AR R LE KA ,2000,2005,2010 A1 2015 4F High—High 4 5 X 24 57
A9 84,8134, Low—Low SR IX BNARLAK 43514 8 4~ .5 4.6 1.5 4~,2005 4E 2 )5 AT ELE
SAEA B0 R EUER AR, T I E MR R 2015 4FVLH A BASAR AR EST & 2R O, AL
W25 JS TR DI N 5 4,

3.3.3 VLU BEURAK ESI & W3R AT

IR PEAS RV /3BT (ESDA ) AE B T VL9548 45 Bl 2Z (B A7 78 25 [ A DG 1, HL 25 (8] 4 SR AR AE B 4
SR ESDA 7EA G b2 “ B oK 5l 1, B4l 5E ESDA 7EXT FRAR ESI HEATI 25 Z0 i e = SRS AS TR it %
B, PG, SCEELE ESDA (36l [ 32 F CSDA (IESE 1 25 [ 850406 40 BT ) XV 95 48 45 EL T R AK EST $5 B0 i 2
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6 2000,.2005.2010.2015 ££ LISA &R
Fig.6 LISA map of 2000,2005.2010,2015
LISA ; il a8 [8] SR FE KU, local indices of spatial association

TP A TR A ST, 0 Bl [ 3R AR EST F5 B0y 25 [ S5 #5, SCE 2005 4F 2010 4F15 R 445 7
SLBHARK (1) ((12) & Geoda 34, 45 H 245 0] Hif J5 1558 (SLM ) 5 25 [H] 15 22 #5580 (SEM) i1+ 45 5%, ik 5
B .

FER S o, BRI A ORI TR PR A LIK ALC B2 SC #8545, Hiv LIK # K, AIC F1 SC F5hris /)y, 15607
R B A00 - A5 R A T8 3 X B 2000—2005 ,2005—2010 F1 2010—2015 3 M58 ] B LIK (AIC & SC 3§
BRI IN, AT L& B2 ()i Jo R 2 ) g g 7 L 2 ) R 25 AR R B i ) BV ZRAR EST ARV 9048 B2 M A e 3 B0k
N [RIE 28 (RS R 25 B o AT HE B 7 3 NSRRI | 3R EIARAR ESI AR VL9548 Bz ML A7
FERIRALN . PG, FRATTAT LAAS 2, F/Ak EST AETT IR B2 [ 3 RAFEAE B — P SRR O, T2 3 5 5
MU AN IEAE . X IR T VLI NS B Z B A AR S e RBUIEA B 5 B S M SR 56,
5511 30l DX FR M S R R R B DI R
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R4 2015 FHEMESREIEH LISA BEER
Table 4 LISA results of forest ESI in 2015

e AL X E it/ %
Type Significant number Districts and counties Proportion
High—High 3 T K S 3.75
Low—Low 5 IR N is BN s YL N RS AN 6.25
Low—High 1 arin 1.25
High—Low 1 ISEAY 1.25

£5 THETERBMGITER

Table 5 The regression results of spatial analysis model

o 2000—2005 2005—2010 2010—2015
Parameter I A I B IR s B
Spatial lag Spatial error Spatial lag Spatial error Spatial lag Spatial error
a 0.044 0.031 0.018 0.075 0.079 0.147
(P1H) (0.001) (0.002) (0.002) (0.000) (0.004) (0.000)
B 0.714 0.703 0.451 0.442 0.269 0.312
(P1H) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
£l p 0.074 0.051 0.328 0.239 0.375 0.409
(P1H) (0.005) (0.006) (0.002) (0.003) (0.005) (0.003)
LIK 108.818 88.611 90.396 78.326 102.139 82.787
AlIC -215.637 -213.221 -184.793 -172.651 -298.277 -201.573
SC -225.16 -208.904 -188.316 -168.334 -291.801 -197.256
R? 0.735 0.733 0.609 0.561 0.639 0.760

LIK : SHEUMSR AN THE , Log-Likelihood ; AIC ; 7Rt A7 BEN , Akaike Information Criterion ; SC. . Jifi B 2% {75 B MEM , Schwarz Information Criterion; R? ;
WA ,goodness of fit

T ESDA Fll CSDA 43 M7 & B, VL7544 B 38 AR Ak
ESI i 52 A 28 [ | B oy B AR 8 e e et
2 JE 0 X AR IR B RZ i AEAN [] X 358 2 ] 3% 2R
ZESEKME 7 PR, 1198 BAARAR EST 3 8Osy
FEAEE T 5oz 8], 9w AR o8 —i h
FPCo ORI 3 b DX A T ) 7 HBORRON , (EL Bl 5 B[] 4
B, R MAYE BB 4 /1N, 3] 2015 AFEHZ H 0 T Hrols s 1)
VO R FE RS B SR ; 17 Z 6 T DA B B i oA ol
T 30 X 0285 M A 7 4 B , A ik BL O S
M 2005 41 E AR IRAL XS SR T 2010 4 AR R X, R
T R s 1) e X 52 35 1 4 1 [ 4 sk 1 A
BH ., ST H 32 31 I3 45007 14 52 ) 45 75 B 1) 22 54 BT
P, 0 60 120km

O sy

4 HiL5itie R -
B 7 STRA R ESI % B H 5 E

4.1 é%i/a Fig.7 The forest ESI spatial effect mechanism of Jiangsu
ARSCH Stz IR AL L R RO ok T

VLA B AR AR ESTA8EL, AR5 THE VL0 & X B A AR S XA R B, JF IR A8 TE AR AR ESL 485, A< et )

Pz F T AreGIS HR (ESDA I CSDA AHES 5 HYTT 128 73 BT VL9548 25 X EL AR AR ST 48 Bt 25 18] 73 A LA,
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(3) M\ ESI $550h 25 [0] 43 4 2K, 2000—2015 4 FRAR EST 55 P f5e i 1 IX I e VT 950 R B, T EST 25 4%
I 22 4 DI A O 4 PR AR VT34 Rl B AR IR X 3 Sl [X— Ty ThI XA, 2 BRI, S 1 9 b X i)'t |
IR IR SRR 22 R T AR MR B AR 55— T X S i DX R T FRUR PR AZ AR AR, AR o — | ZRAR IR A 5 T
FLASMESS , i EST 85081k

(4) M\ ESI 4850t a) 2246 K 5 , 55 2000 4EAH L, 2015 4ETTIR4E 67.5% 1Y X H 52 A P A WA W 0 R Pt
B, R VL3R4 A IR I AR AR A5 2 A R RO o L rb T MR 32 B R 2 YT, LU Y [T T A M
TSP X i S i X AR A AR XA LA i (HEAF R th T8 &, N F KAt XA S Rl T
AERIE ST TR e e oA S A 2B U T, R A T, i B i [X B AR AR S X AN fH B T 03 R4k (1
VLR TR S UG, AR A e A RAS 21 T W 8 s

(5) WNZS A MR A VT 954 45 X EL AR bR EST S8 i FL A I b i SR A, {H 2000—2015 4F-75 i) R £ 72
FERFT TR, H Low—Low R IX £ T High—High #25R X, #RHk ESI i High—High £ 5 X B — 73 1 7E 1L
AT {H 2015 4 XS0 KR FE 4R /NI A T 1) P e O R B I G ; Low—Low SRR IX BN K £
EPAETLIR R AL —47 .

(6) M SLM 5 SEM AR F , FRbK EST 2671784 H sk 2 [ 29 O 5 B AL A7 19, 3 5R; &
BAFAET I S oAb 8], J5m LAFR M e —ts Sy s 0T I 30 1 DX A T [m] 9 0300 , L B 5 1) (] 4R
S 40 /0 s SRt AR T B R EL Ry O AT I S0 e DX A B g RO T P R A i) b X[
WA R EAER, EAREA WS, 595 254 Iy K,

42 e

MFRAR ESI L5 KT, 75 Mo X FRAR A S 2 RO AR AT b X (HAD T A 28 XA R U =
75 e i DXCZE 2015 AFEFNH L T EST B AR A DX 58, U PH 28 5% & J'e N HE DT Re TR AR R /K I S HERC S e )
HZ 24 T XSRS RG R LR, I X AR A S IX A R BOR i, (H bl 25 3 PR TR A9 SEitE , AR AR
ARG AARNABRR) T —E B NGE (DA R AR — ) A 500 M 22 5 R fy ke, PRI G AR
SCEBGZHL DX AR I BUR A b AR T N T BEAE S HETS 38 B8 9 [R) Bsf , AS (B2 8 i AR AMAEL B 1)« 1, BB Kok
BRI ) 2R IS 3% AR R A G 3, 2 SRR M A ACTAR AR R 8, 28 BB 4 Rk R
VLI LR ARAR EST B 50 S (0 R b4 SRR AE , LY BN 5 IR IR A7 . PR a2 X BURS 76 2647 7R
MR TR BB RV A PN T 7 1k R A2 S — 2B O [ o By B i B IR B B Bk
T ] i b DX R EST B IR HBOSON, A I3 e — 7 I in SR %t Ji) i b DX 7 1 ) 7 18k, HL B 1k
L A ] 3t 355 AT X Ji] 320 1 DX 7 A AN 5

AR A R E T T, AR SCIE MR AR br 20 T — L6457 B 2R (0 52 M), E A AR OR3P DX 0 R 4%
ARG R X BB R RO S BT 22 50| AN MR ZRAR AR 78 2 0 F A A AR P 1
RO EE | R IS SRR TR BT I A X SE A8 bR . LR AR SCAR S XA R BB RN % B8 T R 2K 48 b e
SFEAR , (EAE R R AR B A R i R 2R oy AR A /K S T RBE AR Y SR I R WA R, K OCIR &
o TR AR I A I PN ) b KR b KA B ) T K R A AR KR R HIERE S 4G
FRMAE D PR 1 77255, Ho A AL A R o SR i A K b B 55, ISR R R b, 3
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