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Abstract: To evaluate forest ecosystem security, this study improved on the traditional “pressure-state-re-
sponse” (PSR) model and established an index system that included two kinds of indicators: forest carrying
capacity and social pressure. Based on samples of 129 counties in Yunnan Province, the fuzzy matter-element
method was used to evaluate forest ecological security in the four years of 2000, 2005, 2010, and 2015. To dy-
namically analyze the temporal and spatial variation of forest ecological security, a spatial correlation analysis
technology was introduced and the global Moran index was used. Results revealed that (1) the areas with the
highest forest ecological security index level were generally distributed in the west and south of Yunnan;
whereas, areas with the worst index level were located in the northeast and southeast. (2) Average values for
the forest ecological security index in the four years were 0.353 4 for 2000, 0.377 9 for 2015, 0.311 4 for
2010, and 0.458 7 for 2015 generally showing an upward progression. The average decline in 2010 could
mainly be due to the rapid growth of GDP. (3) From a time perspective, 99.20% of the counties in Yunnan

showed a clear upward progression in the ecological security index with Hekou, Pingbian, and Honghe, national

ks B9 . 2017-06-27; & H. 2017-11-21

Be i H o EEMOl R 2014 AR E R )R TR (ZDWT201415)

EER A Wi, HEred, NgEsol 25 g 5 BURIFSE . E-mail: 10994254@qq.com, AF/EH : KK
O, HZ, HE T, NEMLL S HM5E . E-mail: zhangdahong591120@163.com



B35S EH AW U B A E R AR A A e VT S 23 6] 685

key ecological functional areas in the southern part of Yunnan, having the greatest improvement. (4) For spa-
tial correlation, the global Moran index in the four years measured was P<<0.01 with the counties of Yunnan
showing strong agglomeration with the forest ecological security index. In the above analysis, the High-High ag-
glomeration counties, generally distributed in western and southern Yunnan, accounted for 11.63%, and the
Low-Low agglomeration counties, mainly distributed in southeast and northeast Yunnan, accounted for 10.85%.
Thus, large scale development should be restricted in Low-Low agglomeration counties with ecological restora-
tion being carried out based on afforestation and returning farmland to forests, and High-High agglomeration
counties could relax development restrictions appropriately without destroying the ecological conditions. [ Ch,
3 fig. 3 tab. 24 ref.]

Key words: ecology; forest ecological security; entropy weight method; fuzzy matter element method; spatial

correlation analysis; global Moran’s index
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Figure 1 Influencing factors of forest ecological security



686 TN 3 N = o= R 2018 428 H 20 H

AR A E S, T A B O SRR L A AORUE R R Z0  A) AR 2S 2  ESE SR,
PRI EE B 31 A H8hr; ARGl SRR L AR R BORB S L I BE RIS N R il
i, ANWHBIERARAR, BE 1T 28 DNEbR; R SPSS B M b, 2% I AR 9 A
T, HEIW T 2=285%, RIGEBE T 7m 28 =1.0 9 23 MEbR; 5440 2017 4 2 AX =mMA 1
TRATVRNIE, AKHE RS 1 AT ATk, SUMBR 1 AT AR IBURE B 197K o 0 2% 58 B A0 ol — SR AL AR HE i 2 4
b, WAWE T 21 DMEbs o KIEIEIRIH LR, AP BIT T ARMAES L2 AR R, A RMoRE
fibs 15 A, A IEIdReR 6 4, Hikmzk 1 R,

x1 ZENRESREEHER

Table 1 Forestry ecological security index system

4544 254 e hr 2 R izt A A AR AL
ARMROR AR bR Benh Z Ak HERE K IEAEAR E AR 0.050 4
B RR EmEAR BRI 0.052 6

AF H HE Em bR R 0.052 8

T HEAT L Em bR HH R 0.048 5

ARMRECE AR 5 R NS CIE i A s N TR AV s TR 0.052 2

M AR LG 1SN O = 7 N TR VA S B SR T A 0.051 0

AR AR T AL ES A L4845 AR E B/ AR bR T 0.050 5

/AL T LR NEALEE TR TR N AVE S NTIR A 0.050 2

RIABR G H NALE LN A NTTEAVE (AN 0.050 9

TR 2SR L NIRRTl TR AVE R NTTR A 0.045 7

R ER B T B2 B LR bR RIRME B/ KRR 0.049 4

RFENEH R I 2 DT N L W AR bR ARAR I TR R bR T R 0.053 7

ARMAT E AR BB L Wi iEbE A F A YBCOK EYAEMIE . 0.053 6

T B R L U G =R T B @ TR Ve S N TR 0.053 2

HEEF B TR L o (=R TN G TR Ve S N TR 0.053 5

LRIV EiL 7N — Ry UNEE-):s Wi Ebr AR Y/ E LA 0.053 5
A THT PR BB IR T #E W AR bR AR TR I FE hk/ [ A TE R 0.053 1

A SR A B 2 Wi AR bR ARACRAR I/ AR B 0.052 4

N4 BTG MR AR & L ML A i N AVE N 0.033 6

BB A AR L IET SR AR AR M T FR/ K TR R 0.006 0

EARAR X T B H EFEbE AR X A/E L mA 0.033 2

1.1 HRMRFEIER

RRMROR AR AR S W AR ) B 0 (e R JEE L S AR MRS NSRRI RE ), & Bl SRR A . AR AR
BRI CE S OLAE 4 SRR AR . B AR PR AR R, ARREKRL L AT R R LA BRI RO
ARMAE G AL KA BREVER I o BRICZ AN, AT AL S AR AR R B IR AR L, BIE IR A A
THIHE K . LB AR bRHRAE IE 1M 52 0 2R AR i AAR MRBCRE , P LEANIR)E TR [ 8 hn o AR ARAIE 2645
B A AR OB i AR MR I B 5 e 2 R bR o AT SR AR PR SR A TR, ISR AR R A R, U R AR I R
B, PSR WMABTE & 5 E AR AR, BRI 2 B A A T B, G S
R B AR 73 A AT D SRR BRI B, 3 nl D9 ASRARAERE Z R AR A, L, ARHb I B L
B, RS RGO E a2, DL 2 AR ARARBE I TR W AR AR A A AR O, BT LB AR R T AE [ 45
Pro BRMBRE AR bR, RO A E B SRR MR 5 R MR U, R SRR M B B A O
fatn. MT oA VR, ERZRIREER R, PrRla bl e W R R G 4. KR
AR IRV LN AR O {4, T L R SRbH o L s DU 8 bR 5 e g 7 RRAR BT A K HL 3 B
7 TR S AR EC AR BB G, BT AASAIT 5 108 IR S AR o5 HoRe S R AR AR B &t o D AR PR i AR 5 B
RE S I R SRR 10 0 A %85 B R B EE ™ 0 3 5 R AR AE DA [) i 1 ke I 1T S W AR AR B S5k, J T AE T 4R
Fro H T RRAR KR K BB X BRI A, A SR G B B R, ) 2 ol AR AR AR R T AR T



B35S EH AW U B A E R AR A A e VT S 23 6] 687

o, FTLh, AU E T AR ACKBOCRRBRMA F AV SRR X 2 MatR. BRitzsh, FR5H5H
S0t BRMAR B O IR, B DUASAIT 8 T R B H 5 7 EOR B HX 2 SRR TR
BMAES LR IA R DL 4 DI AR e O S B B AR A A 22 2R 00, T8 Tt [ 1845
1.2 #HLEHER

PEBE NI BT 0 A KL R NG SIS 9K, BRI BRI R AR E BUR SR R R, (B2, SHATE
B Xl R AT FR 2, S e 2% ol A A Bt F R 4P R AR A ™, DR, ke T ) o 22
558 2 AT br . — R — B8 br, 75— KB4 shfibr . — MR hEENA NN E
JE . AL T RURE PRI AR FARACR (RGR BE X 3 MR AR o AN FVE LR, e AR AR IR 55 o LA SO R bk
BEURAY IR BOBOR o FL 1T BURE TR FEBOR, SRR K IR TR 45 2R 15 T X R AR A 358 55 sl ™ o o PROARCR
o 2 AP IAT I 1) doe EL R BOMD o DAE 3 MR ARHER S W AR AR T I A SR I g, R T AR s . B £ 5F
IRV (5 e FAR RO AP B AT 38, AR TP IR R U M R OR3P 2R AR, L, ABESE N A ARG IX
FEBE L MRS AR BFHEMOX 3 AT R B SR MGG S iR ARG X, AR i bk
FEBFR AR IR, AR HE S e N Xt S M R4 1955 Ty R B RO ARk AR S AR L, ik, e
AT BB, R A S R G2 4 RLE 3 MR FRAR SO M X BRI A S5 4R8P0, JB T IE T8 bR

2 B KRG KE KRR

21 HRXEHR

A AP E VIR, ST 39.4 05 km?, BRMRBTIRF R, BB ER N 54%, EAREHER
K875 4w, i AF AR S A R 53.3%, Bl HESh Y RCE R R 52.8% . & LT KTE B
if, JE TG AR X, AR EE, %8 B ARAMOIR OO BE 22 Wi A 3 ) XUk R, 22
KALH R0 A
22 HEFKIR

AWFEIREA R Z R A 129 N IX -, # &% 2000, 2005, 2010 F1 2015 4F55 4 NAE4y, A Bl R I
THBLE(BRM) GBI H o Bl s £ BT 2017 4 2 A 76 B W LU800E 5l 285
AR TT 18] 25 7 4 MRl 3 e R e A 25 B O i I AT 55 5 2 i 8 MR 3 i O 3 e A 5 L Bl SRy S8
Bl Al 2w ol i A LR e f % B e AT % BRASTZL BEAT Bl 2B, P AR T 2017 4 S
H 5.

3 AR T EERA

T A ST NS RN, BoA IR RARE, DL, ASOFSOR B R AP o0k 45 Al R ok Al AR
WP TG TERRMA S LRI B IEAR o FETH 5 BRMAE A5 2 AR BUN Q) 0 45 A AT — A SR A 1)
AL, T AT 52 T PR REAE, PI, ASFTE N BGPTSR AR A
3.1 WX

WRYGAF I HA I, REMA PR N 73 A P FOCH 2 FoRAS, REEA PR nl HfE B R R
JI TGP R DU R R 2 i, 0 (R /N R i AR 4R AR 5 RO . AR TR BRI AU B, ety
FEFVBTRL R, AR5 X IE B R AR A [ $5 AR 73 B AT AL, TR R AR AR BN E,  feJa 13 4%
AR
3.2 tHMMITIE

M TR S L AR A R ISR Z . R A FARAR A AN B [, ASBIE 5 DR R SR U )
JLiE, I M, C, x 53R EIYIOC . FRAE . BORIEE, T m F e 200 SRR AR A BRI R L,
M FRF L A =1, 2, oy m), GFRRE i DNFYNE J IHERG=1, 2, -, n), « FRH i T
ARG J BHEAR B R AR (=1, 2, -, m; j=1, 2, -, n), WEEYIC R, MK (DR,



688 TR AN N N = 1 2018 4 8 J1 20 H

Ml M2 Mm
Ci xu % X
R,.= C, xp xp Xm2 o
Cn Xin Xon o Xmn
320 HAEMESAE RAUT 2 AR AR C MG THRMES 40 A O 58 1

ol R R B =— 0 — (2)

max x;
LN R P e, = D (3)

X

i

KX@QMAG) P wRn BRI NERIEE (=1, 2, -, m; j=1, 2, -+, n), max x; Ml min x; 535
FORBARTS P EORAE M R/ ME . FRHELL IS BT BB O R, WK (4) .

My My, - M,
Ci un uy ot Uy
R,=C, up un - Un o
(4)
C, wy, Uy U

322 ML £ BEm L ORI AR A R IR P AR EAL s R AB T O 1, BT RIS
AR HEREA P 0 Ron:

No,
C, u
Ro=|C, u. |o
: (5)
C, u.,
22V IT BRI IC Ry 1 Ay= (w,—u.,)® il Ro, RTTHHAR o
M, M, - M,
Ci Ay Ay - Ay
Ry=1C, Ap Ay o Ay o
o : : (6)
C, A, A, - A,

33 BRMEESHHESREEGITNM
A GO0 3 B2 2 e 3ok PR Ty B8 5 B D T S A I A RE R I B2 07 R R L 5 R, B B U3 5 %
o TEXTFEARIEAT WAL WAL S B W) ok b iEAL Z )5, A HETE R AT O iR TS AR AR AR 2 2R 4
EAFMIYIIC R B9 MKEC I BE TR T M (%, +)T5ik
]w1 M2 Mm

Ry= o 7
" PHi, PHI PHZ PHm ()

ﬁ(7)l:'j: PHL':I_ zijL] (izl, 2’ tt, I, j=19 2’ Ty n)’ u]j %%]&*ﬁbﬁmﬁ*y*yﬁ, Aif yg%b
V,‘:l

MREARELER j A RARIZEFTT o Row 8 m DREAR B BRMA SR 28RS, Pu BIS § DEEA B 172
AL 1R H .
34 ZEBEXZH

25 (ARG 0B Ja T e B B A OF e Tk, Bl DL A 45 X EL I AR bR A 235 2 R JUR 5 HoA 25 ) L
RN AAHTTEXT 5 B A A B RR R AR 252 i BOM S B2 A0 I JRy LR 78 2 A A BE R R AT
341 Amamx Wa)R H MK R 2R 225 (Morans 1), B REWE AR MR A 5% 42 1
BAE— A X R o IZAEBORETE-1 2 1 Z (8], 1>0, FaRaSmIEMR, =S EERES; 1<0



B35S EH AW U B A E R AR A A e VT S 23 6] 689

fRFas G, 25 BB R s =0, Fom g BHLAY 75 ] 4 1 .
n 2 2wa(my) (i)

n

( z,l 214)% )12 (9’1“&)2 O

K@) TARRFE IR, n B EEE, @ 0k 735K § DREARD RS b DREAR L, wy S 23 W)
P A (AR 2B X BIRAE N 1, AMEBIIBAES 0), v My 23 5N i ANX B S55 B AKX B B AR 25
TRIEHE, vy A A 129 MK B HMES L 2 FHHE,

342 FFasax  JREAMKM R AR BLISA, LARKE, T2 AR E XN & b oT
] AR S o IR RO BUE e -1 2 1 2 08], BfEsemy, )32t B1RR D0 5 1 3 DX I AR DG PRl Ry, I
Z AR, A IBE 0, WIAHIE,

I= (8)

(y—y) 2 wi(yi—y)
I= k= 12 i (9)
S
() LR REB LR, n WREARBIEE, 5, v SRR | S REAR BRI kA REAR B AR bk R

BWRAAEHUE, v WAB A X B ST B0 T8, o, J2 28 MRS IE, S? lREAS Iy 2%,

4 EHR A

41 ERNETELER

MR T AT PR RBCT T AR 7 L AL By, 35 0.053 7, HUGE BRAMCA H A BECR ARG T,
FUOR N B, B2 X H A R AME S R B2 DL 1 3 SR R i K o

IRFFA MR L AT S/, {0k 0.006 0, UL £ X B AE X A6 A 25 800, TR L 4R Fr XF
SRR B R /N o A AR OR A DT AR LL R BT G 1 AR LG AR #8240 0.033 0, U 3R
PR DX BRI Y 1 MW AR AR 3 1 R SR TR BRI AR, T DL A4S BUR R ARAE 3 1) TAE I %5 T A SRR IX
PR R AR 15 MRy T
42 HZHRESRELETHELERS Arc GIS 4547

AT s I ) o0 4 ORI IR B2 =X (1)~ (7)), IRGE B acEs &, 115 2000, 2005, 2010
12015 S A p A 75 X B BRMAE S L 288, RI5EH Arc GIS 3 MF, RHE B SR W 24 B0k 35 50k 7k 5
AR, TR 4 R A S A (E o B T (G B R S8 (GIS) il ok (&1 2) . M 2 W 0L £k
AL I R ) K IE— B TE 2 r A P AR &8, PSP BB LIAR DT, 2B YK B,
MESFE LIS . PSRN M SR PR 2N I — R M E = B A AR AL AR pE D
B, ARAGES LA T dt, REEES L Ab E gt o 4 AN B I AR AR AR S R BOT B E 4 5 R
0.353 4, 0.3779, 0.311 4 F10.458 7, KW= FE ARMAESZ 4 S EEARE EFH@EH . 2010 4R
B REAN T B FE A T SR T R AR R T A RARRE SR AR B K 2 A3 ] 4R AR A R b . 3 2 BRI AL
433k 0.053 1 F10.052 4, 7EHAh 19 MEFRFAELAA KGR T, HMEDRL2MEZIX 2 1M
PR R, TiiiX 2 A48 X5 GDP Hi K S B PJAH . M 2006 4E i, =94 GDP i, 2006
AEZE 2010 4[] 1 AF 10K 643 5k 11.9%, 12.2%, 10.6%, 12.1%, 12.3%, %t 2005 4 9.0%[1
B R IKOF o s Py GDP g K b SR 47 ok BB 5 T4 46 1 RN AR B SR AR I B, T LA g8 AR ARE T T K 2 11 £ T
JE T, AR AES LSRN BEEIN T, M 2014 474G, =R GDP 34K % IF 45 T B,
2014 F1 2015 AR50 5l 8.1%F0 8.7% , X fHi4F 2015 4F () BR AR A 542 248 BORIE E T+ M 2000 4
F 2015 AR R MAE R L IR BOF BN AT LG, MAT KR, SXP RS E e
TURIFZIR , 1728 55 1P AR 3 K D B A 28 4R B el A fE E MR T, X2 R O 3d Y RN T 1 & e
WA BRI AT MR T R R S ABRIP ZE TG . W REEEE, 2000 45 A2 21550
I E A BLAE = M R AR B, 2005 4F B A 8 % e HR B0 = H IAE R AR 4 EL, 2010 1 2015 4Ry
R (EARTE PG AL B DTl B, k2005 Z {25 j 44 P AR AR ARAE S 2 AR LB, A 2010 R 2 5, 74




690 FEIT N NN S 1 2018 4F 8 J] 20 H

0 75 150225300 km

0.268 498~0.314 451

[ 10.299025~0.336 643

[ 0.314452~0.341187 1 0.336 644~0.361 632
0 0.341 188~0.363 084 [ 0.361 633~0.387 497
I 0.363 085~0.387 931 I 0.387498~0.412 450
I 0.387 932~0.437 599 B .412451~0.529216
5|4 1t

PR &
2R 0 75 150225300 km 0 75 150225300 km
[[10.225282~0.269 579 [ 10.342959~0.412307 [ = = ]
[7770.269580~0.297 438 [0.412308~0.445 849
[ 0.297439~0.317 695 [ 0.445 850~0.478324
I 0317 696~0.345 331 I 0.478325~0.514 663

0.345332~0.401 158 I 0514 664~0.578 456

B2 2000, 2005, 2010, 2015 5 % 4 B HAKE S Z LT H 5 H

Figure 2 Forestry ecological security index space distribution of Yunnan from 2000 to 2015
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Figure 3 County forest ecological security index and main
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Table 2 Global autocorrelation test of forest IES in Yunnan
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