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Fig. 1 Geographical location of study area
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Fig. 2 Division of evaluation units

2.3 SSOULNGE 55 FE Fi o)

SOV S 55 5 1 DR/ N T XA 7 R G 2 AN A S AR L SR S5 FR E L AES R
Gt N AR e R FE DA SRS SR B AR A0 B T RIS, AR R T DAHR ik S50 S P8 R I v g
FFRAEE, B, ASCAES AR AT 4 BB b vk B UK T . 5 00E P F e B0k
S SROM MG 55 P PPAN AR
2.3.1 FOBUREZ TR

SORBUBRE (LSD 2 FEAN A 50 S8 BUZE R [R)AN 23 8] %) T 405t B SRR AR A AN
BTV IR SRR RE A /NGRS TR BT (5 58 R 5 G SR e 2 19, Lt
AN

LSI =Y U xV, (D

A n ACRFEWERAER; 1 ACRFEIEA, U ARFEWTIERE: ViGESE S 5%
R

FOTIE (UD RFMAEZ SN T A, FOWR S 45 R A it 200, ATt
54 FFRE VIR OISO FEFRE (CD 2 BSEE (ND FMEFARE (D) #EATRAE, &
SCIERUBRFE L« 7 B AL BEM i ST AR EL, it A 3 08:

U,=ac,+bN,+cD, (2)

A Cjy Nj Fl D A AR ER SRR . W B SR AR, B4 BUTH kS %
HR[21], a. by ¢ RN BERERE . S EEEAR A AE, H atb+c=1, KIEMAHKSH L
BRBA R 5 WL, Xt 3 AMEFR B EL 0.5, 0.3 A1 0.2 HAUE R,

SOMGETRE (VD LT & SO BLESN TN IR BRI KN FE S AH G
W FE 360, AR 7T X Mo oR) F SEBRAR 0, S AN [F] e 2R 7 5 R R FE 3 AT 0 4, Fo i e 2
RV ARFI ., PRI, B, KIS BFb. B A, 1 5 0 00— 15 33 5 30 4
%&[31,32] .



2.3.2 FOULE N FETREL

SOVDE S EEFR L (LAD 2 5ol A 24 T, &R E ARSI ), Hotk
SRS FMMGEN . Thie. ZREMERI AT SRR B S m DI e, Bk, A SCk s
FEHEIRE (PRD) « HRZEEMEIEE (SHDD FFEFR LIS EIEE (SHED Kz 5 0iE
RPEFEE, HATEARN:

LAl = PRD xSHDI xSHEI (3

2.3.3 FMLMaSS i EL

F X B SRR R G2 B )T AR BE A S92 B w] Y SOUE 95 (LVD SRER,
UG 55 4R BNk T A T RS A [ 5 S R A S s e R R, mdi
SORBURFEFR . SOWIE N AR EOTH E oSO E S FEfR A, ot E AR

LVI = LSI = ( 1— LAl ) (4)

2.4 Z 8 H AR

2 [8) B AH 9G] LA M F 76 DX G 95 128 1) 22 ) S5 o 1 o AR SR 4 JR) 22 T AR SR TR 20 At
FE DX A G 55 1 ) BE A AT 0 5 SR P JR) #4225 8] 1 A SRR W F 76 DX A 2 55 1P Jd 7 22 ) A
(1) 2% 1) 2 S R A o B 7G5 A0 2R 6 2 ) M) 45 TR W AR P, 4558 B35 95K P, Morans |
AT 1L D, Kb VEBEE T 1, RoRFH R o EAHRYERE 2, W1 AR T-1,
YO58 B A AR SRR s T2 | BRI O I, D B A (] BE ML AR . b SR 0N

| = i=1 :il (5)

Usa = ——— 5 w,lx,-x) (=] 7
Z(Xi—x /n

e x xR B x EARIT ST FAHUE: x o n MBS R R RV w22 AAUE
2 LISA>0 R W] i% 5 25 8] B oC N A7 AE S A1 SR 2R, LISA<<O MR BIIZ 5 & 22 18] P A7 AE AR A ALL
EGIRSIETE -
2.5 F a7y 5 3 T R RN

HbFRHRIN 28 Hh T 2h 0 S ORI e ) — T B 25 ) 4 AR O TR, TR R T b
HER A2 8] 70 LR o A SO B B PRI 85 PR R Wi i 7 IX AR 2 e 35 A 8] o e ) 2 3 A
R AR T ARSI S 1 ) 5R BEAE A A] b B A S — 2k, U B e A A e 5 1k R
TR R TE R A M o % BT A BRI (B W] 2R 0

1 ™ )
Zznx,iO'x‘i (8)
ng i=t

q=1-


Administrator
Highlight



A g NERMEF X RN ME, q€[0, 1], o (B RIR/NATERM H 52 ma 5 00 A8 25 B 55 1 ==
5 R EFHE, q EBK, WX XSRS iR WER X SHiLEA M
Lo, W Ny FRRTERF X B0 FHAPIREAREG n NFERAN AL IRN BT A A%, n B
A (=1,2,3...,M) [ Ny Bl o BN X ARG B BT %

3 RS540

3.1 BFFCIX S T AR AR Ak 4 HT

WEFCHANRE], #hith B & RSB IR EON B (R D . NRPTUEH, 5N
Vi) 9t LS R A DL B RR g, PR TR o SR B S AR 70% LA b, R B T
I IR AEE I AR, IR 0.82%; TR TH AR U 2 BLIEAE T B AR AL
#, A ERN-1.23%, 32 JF AR [E S S8 B RO R DA e b B R A A
B LT SE . BRI, MRS K, B 2000 4ER9 83211.15 hm? i hnZ
2017 411 123698.84 hm?, ZitHif1 40487.69 hm?, 4EIALZNy 2.86%, kit jin 5
153 2 T AE AU 1 STl DA S 2R B BV iR YRR G AR S AR 2 TRE ) St o 7K 3R 2
W HU AR BT o5 be AN, 43 AR o it B s AR Y 1.10%~1.50%F1 3.08%~5.59%, {HTj
Fe I8 P 1 AR, SRR KRG A 2.15% 1 4.80%. 111 A I FH 1t T R e 39 ) 45
2N F#, H1 2000 4F 1) 127698.94 hm? T [ 28 2017 4Eff] 54665.84 hm?, £t/ 73033.1 hm?,
FAE AN ER-3.36%, 18 /0 1 A A FH b 3 LA S 1 R AP b, Tt 0 b T b

A INA R 22—
&1 #HthE 20002017 FEWEREN
Tab.1 Landscape area change of Yanchi County during 2000—2017

Ty T H Bt Mt B KIF B AL
2000 [ A/hm? 214131.27 83211.15 377689.95 9220.58 25777.45 127698.94
tL il 25.56 9.93 45.08 1.10 3.08 15.24
i /hm’ 189927.18 105415.27 412605.18 11267.99 32484.44 86029.31
2008 Ee 1% 22.67 1258 49.25 1.35 3.88 10.27
T A/hm? 169457.57 123698.84 430485.28 12595.88 46825.93 54665.84
2o Lt 20.23 14.77 51.39 1.50 5.59 6.53
2000—2008 -0.66 1.57 0.54 1.31 1.53 -1.92
2008—2017 ZAGER % -0.63 1.02 0.25 0.69 2.60 -2.14
2000—2017 -1.23 2.86 0.82 2.15 4.80 -3.36
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R R BER AR BT BT, SIS BRI st A A S AR AL 3, 150 B S 00 v 3
AUMRH R BE R (AR S AL Z A BT, BWRR RSB IR AT FE AN BAR, SR = 32 )
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ARARIAS, SOV TR FL B I 5 o T I AUINBCE TR TR E ) TR, 3t — 2D BB 50
FRIAN TR DU PR 2 2% PR T P A1 . I FE R IR 2 AR TR O 2 IR 8 5O BEFR ) TR PR
ARSI AL B0 AT AT AR, SO IERAAE Y ST 2 BEAL HOA% SR AR
&2 20002017 fFEbitn B R Y AR FHRH
Tab.2 Patterns of landscape pattern of Yanchi County during 2000—2017

UM oy BEHL e hm'2 L [ Imehm™? KPR 5% P BEHR T A hm?
2000 1.426 14.253 13.157 237.542
Bt 2008 1539 16.557 11.036 212.375
2017 1.692 17.952 10.268 199.483
2000 0.563 7.442 0.619 56.593
i 2008 0.497 6.129 0.843 62.469
2017 0.423 5.622 1.236 69.342
2000 2.463 22.649 23.548 204.861
R 2008 2.169 19.429 25.529 396.483
2017 1.837 17.449 27.334 475.252
2000 0.359 6.253 0.816 29.354
i 2008 0.372 5972 0.849 35.559
2017 0.409 6.128 0.926 39.608
2000 0.842 0573 0.428 47529
A 2008 0.719 0.591 0.627 52.267
2017 0.568 0.463 0.934 59.346
2000 0.423 0.396 0.716 27.689
AR i 2008 0.476 0.463 0.529 25.466
2017 0.545 0.579 0.337 22,537

3 20002017 FEIM BRI FIERE L

Tab.3 Landscape pattern index change of Yanchi County during 2000—2017

F o A3 AR 2 SRR TR SR AR S AR
2000 7647 24.68 59.15 0.91 0.64
2008 7269 21.19 58.49 0.89 0.62
2017 6873 19.43 58.05 0.88 0.61
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Fig. 3 Spatial distribution of ecological vulnerability in Yanchi County during 2000—2017
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Fig. 4 Lisa spatial distribution of ecological vulnerability in Yanchi County during 2000—2017
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Tab. 4 Detection g value of influencing factors of ecological vulnerability in Yanchi County

S R 3 2000 4 2008 £ 2017 4
SO BE S 0.568 0.554 0.561
SOWB IR L 0.627 0.593 0.546
SO o B 0.455 0.376 0.439
S 0.469 0.522 0.573
SO AR 0.433 0.416 0.429

BRZ PR 0.463 0.522 0.569
ARSI AR EL 0.326 0.297 0.318
DR R 0.343 0.357 0.352
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Spatiotemporal evolution pattern and driving factors of ecological vulnerability
in agro-pastoral region in northern China: A case study of Yanchi County in
Ningxia
HUANG Yue!, CHENG Jing®, WANG Peng?

(1. Department of Science and Technology, Ningxia University, Yinchuan 750021, Ningxia, China;

2. School of Resources and Environment, Ningxia University, Yinchuan 750021, Ningxia, China)
Abstract: Ecological vulnerability is the current focus of research on global environmental changes and regional
sustainable development, and it is also a focus of research on ecological civilization construction and green
development. This paper takes the agriculture-pastoral area in north China—Yanchi County in Ningxia as an
example. Based on the three remote sensing data from 2000 to 2017, the landscape pattern index method, grid
technology, spatial autocorrelation analysis, and geographic detector models are used to assess the ecological
vulnerability of the study area. Comprehensive evaluation of the temporal and spatial evolution pattern and its
driving factors. The results showed that during the study period, the landscape types in Yanchi County were
dominated by grassland and cultivated land. Both areas accounted for more than 70% of the total area of the study
area. The grassland area showed a trend of increasing year by year, with an average annual change rate of 0.82%.
The area of unused land has shown a decreasing trend year by year, decreasing by 44673.7 hm?and 73033.1 hm?
respectively. The area of woodland, water area and construction land has increased rapidly, with an average annual
change rate of 2.86%, 2.15% and 4.80%, respectively; It can be seen that the number of landscape patches in the
study area is decreasing, the degree of fragmentation tends to ease, the different types of landscapes have good
connectivity with each other, and the landscape pattern tends to be regular and continuous overall evolution; the
ecological vulnerability of the study area is decreasing year by year. High ecologically fragile areas are mainly
distributed in Gaoshawo Town, Huamachi Town in the north of the study area and Hui’anbu Town in the west, and
low ecologically fragile areas are mainly distributed in Mahuangshan Town, Dashuikeng Town and Qingshan
Township in the southeast. , And the distribution range of the low ecologically fragile area continuously extends
from southeast to northwest; while the spatial autocorrelation Moran’s | is greater than 0.52, indicating that there is
a positive correlation, and the space has significant agglomeration and heterogeneity, and in space, it shows "low
southeast. The distribution pattern of “Northwest High”; the influencing factors detected by geo-detector revealed
that the number of landscape patches, landscape fragmentation, landscape dominance, and Shannon diversity index
are the main factors affecting the spatial heterogeneity of ecological vulnerability in the study area.

Key words: ecological vulnerability; spatiotemporal evolution; spatial autocorrelation; geographic detector;

farming pastoral ecotone in north China



