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Vulnerability assessment of ecological drought in Northwest China // LIU Xuan', SU Xiaoling'*, LIU Yuhan',
LIANG Xiaoxuan' (1. College of Water Resources and Architectural Engineering, Northwest A & F University, Yangling,
712100, China; 2. Key Laboratory for Agricultural Soil and Water Engineering in Arid Area of Ministry of Education,
Northwest A & F University, Yangling 712100, China)

Abstract: To understand the spatial distribution and evolution trend of ecological drought vulnerability in Northwest China,
the concept of ecological drought vulnerability and its quantitative characterization methods were proposed in terms of
exposure, sensitivity and impact. Entropy weight method is adopted to develop the ecological drought vulnerability indices.
Moran index is adopted to evaluate the correlation of drought vulnerability indices in spatial distribution and accumulation of
vulnerability in local space. The regional distribution, vulnerability degree and trend of ecological drought vulnerability in
Northwest China during 1985-2014 were analyzed. The results showed that ecological drought highly vulnerable areas in
Northwest China were mainly distributed in Tianshan Mountains, southern Qinghai, the area near Qinghai Lake, central
Gansu, northern Shaanxi and central Shaanxi, while the rest of the areas are moderate or low vulnerable. The spatial
distribution pattern of ecological drought vulnerability index is relatively concentrated, showing a “large aggregation and
small dispersion” pattern. Ecological drought vulnerability shows a trend of increasing and then decreasing during the
studied period. The ecological drought vulnerability in Yili Basin, Turpan Basin and Hexi Corridor has improved
significantly, while that in areas including southern Qinghai and northern Shaanxi still show a trend of increase. The
ecological protection works in these areas need to be strengthen in the future.

Key words: ecological drought; vulnerability assessment; entropy weight method; Moran index; Northwest China

TERERS AR & F KGR B ki 2012—2015 4EM TAE—B T8 " Em TS AR
FHTEBIBIRN  SEMR SRR AL ESREE & HFSHE KRR SLF AN MAERAEST
TGS . an i F W 2002—2010 4F F1 26 [ hn BHARN A, HL AR R, SRR AT

E£WmH . FEK AR E4 (52079111)
TEEE A XN (1998—) , B W-Erge A, FEMNFAERT RS, E-mail: liuxuan1998nwafu@ 163. com
BISIER SRR (1968—) , L, HdZ , WL, 2K SO KK BEIMRIAITSY . E-mail : xiaolingsu@ nwafu. edu. en

.65 -



EMEE PR AR T A AT R S DA R
AIES e o N (U I3 7 N TR I D VD O R W 7415
b RAP A AR IR Rl A 25T 5 RS B AR A

51 83 P DA R B AR [ A A MIE S I AR
Z 0 BN Safavi 2T BEE MR B+
BRI Rk 78R CPENRE MR KA SR
IKAEAE DL e IR B 75 R 45 9 A48 A, TR T B
Zayandehrood {1 it 35 %) 52 Jifg 55 1% ; Wilhelmi 207
P 3 - WO S DL R AR A 4 AT
5 BESE T 5 P A S N A Al T 5 55
XA TR UL, MG 55 1 B e 1 52 5 i X T %
AR ST R R B A0 IR B RN 3ok i 5 1
WG BRI L Bias HARFI AR RS, ESMy
HOXAESRT RN ARG TR NE S
AHESE BN Turner 551 A A e 55 14 J2 7 4 1A 2
8 TR FILZ B (7] R, E 4G 2 R T U
KR f8 71 = J5 T ; Crausbay D)\ R U
DL R 7 =5 S T AR ST e 55 M i E S HE
28 PR T A S R, EN A ST R
S9PE VAR 3 58 i T B A5 R A AN R G Y R e I
JE . B AR I OBRSE T K 43 I X S R R
AR GOCE AR FE AR T B 5200, & K 53 1
HABRAESRE A AT, mES R G
At BRSS! R BT T K S BOR ME K
P AR AR S R G ARE BRI o3 b T AR AR
AT AWM ; TR SH i BT I A A R
G T 5 7 e FAE R b AR S TR R AR O
TR T IR M A 2 T B B0 b TR 2RI )N
T AT R R 235 N A ) T B b AR R R Gl
Rlass. IR RS — B A AT R eSS
P SC, BB X TR aR 1k | U R 5 P 5 e 55 1

SRR AR ME LR 5 A S T R R X
TAE,

P DR TR A A S X, R ek
TS AL e U L X 2 — B i T IR E LT 4y
75% BB e A REME . T o A A LA K
NN 25 PR B A RBER ) 1 A8 3k sl S B IX 1
FALFRE I, [F BE 2Pk R TR0l
RIESEH AT K, B SHEZ RN  ASR
GMFEAE I RF L TR X P A X A S R
HESsPEEA TIPS, AT R 2 22 b A 25T R B 46
I LK £ B U5 B M SR AR s

1 MR SHE

Fe FE P AL X ARG PY HON 5T T B
5K, BIEFZ S 310 7 km®, AL TR KA
< 66 -

A | 7 XU AR g i 2 XU A B A TN 52 i 174 32
oty PG H DR S P BT PR R
70% LA 13 XK R /2 400 mm; 28 K 5 51, Z4FF
)oK i K ik =1k 1000 ~2 600 mm ;A4 A5 MESS
Xt AR AS A A U

ASCH T E AR A S T R AR
(standardized ecological water deficit index, SEWDI)
A S BK VR T Jiang 25070 BB ST SR, 25 1]
AP R R 1/12° x 1/12°; 3 — 4k A 8% 45 %L
(normalized difference vegetation index, NDVI) i &
2k F 3 [ 1 KA 28 K JR (NASA ) & A 19 NDVI 4
= 1% % ¥5 7= & ( global inventory modeling and
mapping NDVI 3 GIMMS
NDVI3g) , 25 Al S HE3 N 1/12° x 1/12° ; 25 HU& Bdi
KA A BR Bl M % 4l 7] A & 48 (global land data
assimilation system, GLDAS) #(4}5 4 | %5 [0] 43 FE R Ky
0.25° x 0. 25°; FH B #0094 7™ 3 B dli ok 1 R G
BT R B IRL Ry 1985—2015 4F, 73 [ 43 B
1 km x1 km,iZbE%?éﬁgﬁiﬂf,*%Eﬁ%:wm] o
N PRAUERTFER B — 2, R BE e 1985—2014
ARG B . A PR R T TR S R
B 0 (Chttps://www. tesde. en/default. aspx )
1990—2015 454 5 4773 W11 = 3t R FH &t , Je il Bk
HAHE v T A B Y DX, AR i P G H DT AR R 4
B ES I AA R LR Z b MRS IR A | S
IR TV AE R A5 A T X AR AR SRR
SRR FRBE R 1/12° x 1/12° B4 HER, Ah, 2
2 R 1 A (0 < vl o 2 2 2R SRS T R 55
PrE G5 R JF 2% BN X SE PR 4 BT w1 0
DL RO REE , 422 I8 b 3 R ] — 9y S R L
POAb L DY 507 T AR AR A R 8 I 55 A 1Y =

2 WIRAE

2.1 AEETERESBENEXRRIERER

T Crausbay 517 HE A9 A8 25 1 51 59 M
FEHESR A SCE SO 25T 5 ME 55 1 A R IX 3 A% 3
AT RS T2 BE T T R AT AE U RN X
SR 17 PSR ZU AR B DL R T R AR AR R GRS B
(ESZ IR RN 3 = 7 T B AT 43 ) F AR B E T 5
RET R (E) HBUSME(S) FsgmJi(A) 3
AFRBRFRAE, 20 BT TR G A N (A, RIAT H 4
PRI AR RAEAE S T RS LR S
fe8, Hh 2R ER R ETs R IR T R AE g TR Z
MR IIGFENRES , T 28", R T T 5k
2 MR RSZ TR XU RO, R R B R, A

studies generation,,



HOHE TR AT R A AR S T AR R IR IR R BUE TR
WA TR AR I ZURE, If45G NDVI 5
FbR EEAEDR . BUBME R AR TE — AR SCFMT,
R DI R RIS A 2 i 7 ) s B R, 3R
IR R A [ 1 7 A 25 K B RE T, R AR Bl 73
I FHE % (water use efficiency , WUE ) Jz BUAE # %] 1
e W AR EE , LA B AR S T B AR G R A R A
EAL B WUE 2810 14 25 PR AR TR UM E R 5
SR 1R — R R E T A5 T B A AR BRI
2T 218 A R B K/, TR A S R Gl %
TR A RS R GER S5 i (800 s ARk S e, Horp
CARHELR IR 55 R IR 55 L SR R 55 A0 SCAR i 55t

(8, 8 AN TR 288501 A 25 2R e I 55 A (Lo i 74
Al

BT bR SO iy 2R R AU RS I

3 ANUENNE 2L 11 T8 PR B0 Az 25 1 5 e 55 HE
fhEPRAR R ANEE 1 s (B 455 gl A 48 AL
HH) .

(TR £, (0.0907)
TR E,(0.0364)
TREUE E,(0.0794)

(NDVI £, (0.1022)
EETER BREF PR WUE JHRE IR S, (0.1506)
W55 VA { U S{ R BT WUE T R9HE3 S, (0. 1536)

CLINZS T EEE WUE FHES %% S, (0. 1866)
(FEBRGMERIFHir{E A, (0.0633)
LE/ - A{ HERRGAT RS M H A,(0.0803)
2

ARG AFMSSHir{H A5 (0.0366)

V25 36 SCH R 1118 A, (0.0203)

E1 AleMXESTERSEITEGERER
Fig.1 Evaluation index system of ecological drought

vulnerability in Northwest China

RHE PG A 2 il A SEWDI R
AV DR 25T B R | Ty I AU 455
NDVI Edi , i H 55t A 25 T B 0 R 88 AR bR sl
SEWDI #4745 9030 7, 45& WUE, I8+ 5
JEINE WUE JH B9 2 PERE R Jl oo A th AR 25 T 50
BRI AR ; AR LA TR , AT LS A5 2R AR TS
RGURss e E, THRAT AR S T R AR 1 1R AR
G B AEST RMe s Ry 3 WURIEFRS b5, AT
UL A48 br AL, At Py Jb s DA AR 25 T
BRI 555 %54 (ecological drought vulnerability index,
EDVD) I3 87 EDVI F825 [8] [ AR 5G4 i A0 # 4
HET PH AL 3l DA 25T R AT IPAG
2.2 SEWDI Ky#E

HER A DA T 5 BE A A O R T R
FEEC T SEWDI SRR o A RERI 2840

ANREAR U7 M 2555 S W v b b X AR S T B A e
PEARSCHE Jiang 2507 BB IERE - BEHUE £ 434 oK
Bt A= A Bk B (A AT KR B AR K A 2
{B) AT S EA S AE S LA (A T 23 WL S
Bk[26]) B A= A oK & BRI R A 55 Ak hy br o
IEA 43 A, i3 bR HE AL SR A ST SEWDI ( new
SEWDI, n-SEWDI) , 3148 1 H i 6] K JF B n-SEWDI,
K HIZEAL SPEL (958 9 43, X n-SEWDI JIT i i 1Y
AT B AT R4, B n-SEWDI {HAE ( +
-0.5].(-0.5,-1.0] . (-1.0,-1.5] ( -1.5,
-2.0], ( -2.0, — oo ) I 2P BIRAE L F 25
BHESE R
2.3 REEER

TR AT RN P it D B 1
3 AT REHEFEFRFN NDVI A, th 4 NS 2 4F
SBME A TR R T AR B, Horpa 3 AR Al
MRARHE RS I, BRI AT,

E = wPI;+wDB+w,i+wNDiND (1)

XfLE ST RERE, P D IA9EST
SRR PR AR AT IE s w, | w,, L w, 53
S A5 TR R it RS X B A T Ty
Wy 73 HABFGEIX 224532 H 73 NDVI A KA E
2.4 HEMHEISHR

FEHE WUE S B A B 6] B2 7K R i 8 Ak 1 i)
N7, PR ARG 5 ) B T DL i A A T R
FRECFAE # WUE Z 8] /9 ¢ & ok I il , WUE A 4H
BOEAT A 7= 1 (net primary production, NPP) 5
SPRZARBL W, WA AT RS
SALFFEEW/N, WUE Fhm > PR e a3 2 4 41 24
T B WUE T & (18 2% R ok AT
BB HEST RSN ERER R h 2
F)ER HERIEER 3 P& T WUE TH s %
VE R U F5 b, ABE 236 1 B0 R BB P R . 4%
A AT ) n-SEWDI Hil WUE (1) Copula R %K &
TR E]

P(l,, <y <1,,U, >U) _
P<Imin < ISI‘] = ]max) -

ma: ( 2 )
FSE ( Imax ) - FSE ( ]min )

KPP NEGE T R R 5 F T WUE T & 9
SRR U, U, 20 50 T SRV RS B9 WUE {6
L T FRBR AR 8 n-SEWDI; 1, 1, 7
AR T RAE R AR ST R AR R T S BB
C(l ,U,) A n-SEWDI F1 WUE ) Copula K%L ; Fi,
29 n-SEWDI B4 kg, MR (2) 1581 3
.67 -



R4 WUE FHB5 (03 365 LA A, 1551
A ST FAURAE
2.5 EMAhigts
R LA R T AR RE MRS R A
PLR T it K AR S R GRS B 5l 4 R 11
TR 55 DO RE , A SCHT X — A i, 2R R G0 2
Frs
Hf
Bk
KRR
(U
. ﬁ%%%{gﬁﬁé
55t K Uk s
AR
E0] TAP TN
L SR
SCHM g — 2L
H2 SARGMEMEN—RHLES R %

Fig.2 Primary and secondary classification of

(e

ecosystem service value

ARSCHEET 1985—2014 4 A4 + b A1 R 808
FR P e 2 s i AR B R AR S (AL B
P AP AL X & R AR R GRS A, I
HIAE N, SRS T REm
2.6 EDVI Wj#&

W AR AT M 55 P 2 88 B S R )
TR PREL, SR IR ZE bR A ) X 45 HR bR B A7 b
WEAL AL T AR SR RAGEE O I e e 55 M PEAG 45
PRACE , 25 R DL 1, 4 bk 2 EDVI, 35 A 5K
mr.

k

E' = Y wgYy (3)
L;]

S = waiYSi (4)
:zl

A = Z‘TWAL'YM (5)

I, = E'"E8"sA"" (6)

KBS A5 i bR A AL P S AR 28 T B 2
2R AU S T 3 A2 R A PR HE AR AR AL
BNNEBE Yy, Yo Y o000k 3 A UENJZE b & PEAL
BPREIAREAAE ; wyy | wg w5730 3 S HENNZE
HFATTAL 8 PR OB AL; & M HEB5 B 1, o EDVI;
W, Ws W 53000 3 DMUEN 2 2R 5 AL, A
EDVI ZJ5 , Al FI FH 5357 Bose g o Sk A [ ffe 55 1 55
GRS T RIS, ASCHAERT Rt
R MR R R B ERE R 5 AR, Ik
1 s,

- 68 -

*1 ESTRREBEZERS
Table 1 Classification of ecological drought vulnerability levels
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Fig.3 Spatial distribution of ecological drought

vulnerability levels in Northwest China
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