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Abstract: The environmental impact and economic loss caused by drought has been an impediment to the sustainable
development of local areas. Carrying out drought vulnerability assessment is an indispensable part of sustainable development
assessment. However, there are few research results on the coupled drought vulnerability of nature, society and economy at
the municipal administrative scale in the province or autonomous region. Based on the drought vulnerability assessment
model proposed by IPCC, 19 indicators were selected from three dimensions (exposure, sensitivity and adaptive capacity)
to build an indicator system to evaluate the drought vulnerability of 12 leagues and cities in Inner Mongolia. Data was
collected from Inner Mongolia Statistical Yearbooks and Inner Mongolia Water Resources Bulletin. Evapotranspiration ( ET)

was provided in the MOD16A2 product and precipitation (P) was provided by China Meteorological Data Service Center.
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The entropy method is used to determine the weight of each indicator, and the comprehensive index method and systematic
classification method are used to calculate and classify the drought vulnerability index. The main outputs of this empirical
analysis include vulnerability index scores, class, and maps that illustrate differences in geographical and social
characteristics across Inner Mongolia. The results show that the drought vulnerability of the Inner Mongolia Autonomous
Region presents a decreasing trend from east to west. The proportion of primary industry GDP, per capita disposable income
and proportion of primary industry employees have high correlation with drought vulnerability. The main contributors to
drought vulnerability in the cities are population and manpower factors, ecological and water resources factors. Reducing
drought vulnerability in the Inner Mongolia Autonomous Region can be achieved by strengthening the protection and
construction of grasslands, rationally planning the construction of cities, reducing the concentration of the population,
adjusting the industrial structure, providing more non-agricultural and pastoral jobs, strengthening vocational skills training,
improving financial services, medical services and other aspects, so as to promote the sustainable development of natural

environment and socio-economics in dryland.

Key Words: drought; vulnerability ; human-land coupling; Inner Mongolia
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Fig.1 Administrative map of Inner Mongolia
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Table 1 Drought exposure indicator system and weight

TR BE AR Hf ML &
Exposure indicator Unit Tropism Weight
PRI EL Aridity index - - 0.055
LAY BAEFNE AL Total sown area x10° hm? + 0.128
FHI AN Grassland area x10° hm? + 0.214
75 K4 Livestock J7 3 + 0.179
SHZK & Total water consumption 12 m? + 0.152
A Population density A/ km? N 0272
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Table 2 Drought sensitivity indicator system and weight

U f b Hfy 1435 &N
Sensitivity indicator Unit Tropism Weight
WAL ZR Urbanization rate % + 0.099
25—\l GDP HAdl Proportion of primary industry GDP % + 0.198
Si— 7l Mol A B HE 48] Proportion of primary industry employees % + 0.115
H KoK 52 25 FH B LB Villages with tap water % - 0.220
A3J GDP Per capital GDP Jt - 0.071
A A SZEUL A Per capita disposable income JC - 0.180
A% A BHE M R Effective irrigation rate of farmland % - 0.118
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Table 3 Drought adaptive capacity indicator system and weight

I e S R bR Hfi P &
Adaptive capacity indicator Unit Tropism Weight
[# 7 %5 P ¥ /GDP Fixed asset investment/ GDP % + 0.086
NP Highway density km/km? - 0.163
HE K Education level % - 0.281
PESF K Medical level NTTN - 0.111
57K Communication level % - 0.147
NIi#E Per capital saving o _ 0.211

R T TR R — BB 5 N B T AR A HR AR AR R AR, AR SO 1R 19 A8 A RO ) - SR e 55
PEMHERE 70 A S SKBHRR R (T 24880 ARAEY) SRR I AR B AR 4 & S8 BHK & ARk
T I RS LU BRI FH A SGHE IR ) | 4k 2 PR ER ([ B8 7 4% 98/ GDP 3 B %85 B | BT /K- Al A5 K ), axfil 5
ST R (5—k GDP W AY) GDP AR SR AT ) FIN O 5 A1 BRI (N AR WH
3 BBl POl A BRI K ) 3 4 A HENTZ
2.3 BdEtrifEfk

0K 19 AMEVRIE TR AL, B T AR A 0 B 1 2 08], LA e s A as 200 AR (1) Fnal
(2):

X5 T M 55 M S E AR OG-

_ Xz] - ijin
Z, =M (D
! ija - Jjmi
X5 R S P S AR O PR
_ ijax - XL/
L= (2)
ijax - ijin

b, X, E—HEE T R PE, X, X S8R DR A A B TR 4 R M E R B KA
2.4 WA

S5 BT AR AT 5T 114 B R P IR S 1) £ ST, DT A o 8 s (A, B AN S I 1 BB A1 33 1 T
T HA Rtk T Z2 A48 br A2 B 22 8] 0945 B S (e, EVF 2T U 2 172 i . (e i AT
BN,

(1) TR EER Aoz 5 bR LA RE BT, 0 T e S5 0 X3 B 15 i), s v 1 9 2
AN -

Z.=/.+A 3
() W AR AR RS R FHEEES § AREAR 148 § A BRI BRI L1, v
S, =7, 7, (4)
(3) HHE bR .
¢ =(— linj x Z $,In 'S, (5)
()RR 5 R K
g=1-¢ (6)

http ; //www.ecologica.cn



24 1 VT A NET AR T RS ETE 9075

(5) K257 R B —1L T RAR IR AR

w; :gj/g gj (7)
S, 7 WER RN, A F BRI, S, Z, W HCTEAL, o, 47 j HEHRIORANL, 2, Jo j FERRIOBST AL, w, o j
FRARAANER
2.5 ZAIRBUTEMEI ST
K HZRGTRE0E AR PRS2 A b v A A AR R 15045 TR T 1% 28 % R 8 VR B 45 H5OR IS 7 e D 8 4K

Vi= > w Z, (8)
FIHNE S5 M- R348 B T i R 5
VI = EI + SI + Al (9)

fili FH SPSS B PR RGBT NSl AAIX 12 AT T RS T 425
2.6 JEPRAHICIE T

iz ] SPSS RS F8 b5 5 1 R 55 1 1Y AH SC AR R AT 20 M, X T 48 B EE A B E 28 20 A R AR iR
Person AT s, AFFE IE 4340 R H Spearman AT,
2.7 BT ITERE A

e 55 P T B AN SO W 60 i 55 14 2 Tl s sy, T S 2 A3 T S 0 e 55 1 ) G BRE ER 2R RN s T R 55
PERY B TTHR PR, X i ) A AR 55 P 100 SR s R 5 T 3 1 BB ) A E R S, ARSI R SR
SIARRLD BT RN SR A XA T TS 1 ) S B TR

F.x I
C =—21—1— x100% (10)
Y o F xI
j=1 J J
Uu=73C (11)

A, € FIRE j WHE R R XS WES PR TTRRIE ; U, R8s r HEN PR XS WE 55 PE R STRREE 5 F, Sy STl dn A
FXE A PRRRGE , 1 g B AR b s S R A LB TR A
Fj. =w, X w; (12)

A, w, A r HEN R PR BORLER 5w, R j HRAR AL 5 w, | w, 20035 HE L SCBARARHEAL S F bR A A
TER,

3 &R

3.1 Messteartr

AT T e 5 M B R RS A A B 2 B . DG S o0 A AT U Y M 55 4 e 1 S B
By A AE N S FUIA AR ER o I 55 rh 45 0% W T 2 A 78 rh a8, B S5 1k S O B B BT h s R N 5T AR
XA P T, MESSPERARAY 4 2T A0 AR AE VS, 5 ME 55 1 v v S T A B, 3k 26 B T ) sk B AR R AR
A o T AR N B SR BRI, 28—l ol A B3 EE AN EE — =k GDP (5 & GDP (1 ELAFIBEAIG
311 BHEE

5 R A e Y AR I T AR AL T (8T 3) , T R ER A3 o 0.197 F1 0,195, G- I T Ay L HE A7 A
I AT AR s AR AE ) SRR R T AR R 3 S B, SRR LS T R R R R v Y R A DLR T RN MRS A
TR RFEE ST 0.171 F10.161 35K 4~ W T AR A A B R Ay B i FR o T 5 2 10 B v 9 B Tl R K
HEmRTEPs, #S5X BR TR M AHBEAC, A TREREPENET P, ST TRE2EENO.
141, PERTERETT 09 T R 2R ER B 0,121, WA 43 I S F B0 Tl 30 Fn B VA DB N, A TR R N 1 2%
B, EEWR I e i EK R TR N 0.132, 3R NS HIAIX 12 DT 525 EKER

http ; //www.ecologica.cn



9076 £ OB ¥ I 40 &
SEIME 0136, #5215 57 B AR iE 2 0.037,
312 U X >
TR IR 4 A0 2 7l B PRI pr” 4
ST T AR AN 45117, 435104 0.014,0.050,0.074 il 0. (8)‘2‘ _—__(8"2‘

083 (&l 4), iX 4 AT A LRI 55 s 02, 56— =)l GDP
A7 FEAERE— =l Mol A B A5 FEAR, A2 GDP AT A 34 a]
BN T 171D i = AN 4 O O R4 B 2| 46
XK R PR AR, B T AR 28 U 1 SRR AR, B
ZJERNATHEURPEL, TREURE RS ET T, A
e IK ZZ 25 T EL LB, 491 2 %22 B AR DL JR T L) b
SRR U SR R 0.255.0.213 F110.210, N5 H
TR 12 AT R U T ME R 0153, 5T 2
] BUREE BOARMEZE N 0.076, i T AT Z 18]+ R 52 58 )
HPRIE2E
3.1.3 ENifE

R T AT IR SR BT SR A M, 1T XS L fE
FERRUEAT T 30 bR AL, B IE I A8 P8 B A A T, 5K
BN RE TR, Ho 38 N RE ) S ) B T R R A A
RS 3 1T, 35 1V B8 743504 0.063 1 0.064 (&1 5)
PR3 T 1 2 [ A I T W 4% 9% 7 GDP Y L A7)
1%, ANISBEE o, A A T AR 22 0 R IR By, 3R Y
AT SR AR A SR T R 5 22 A T R 22 B 3 0 i D 16 4
A3 0.163 F10.159,, 2 22845 T A 5 BRI H R K
BRI RBEAE KT, LR A BRI R KT
NI 75, F0AE v 0 [ 28 %6 7 80 %8 5 GDP 1 LAl
WSl BIA X 12 AT T 58 AR 71 /9 389 N
0.110, 7% 28 1 =2 [A] f5U% B A b ifE 22 0 0,035, 5 2 i 1]
TR R AR EZE A

N
A

TR B
0.01 . 0.28

B4 TEHRESTE
Fig.4 Distribution of drought sensitivity

3.2 fEbsARSIE T

0 600 km

B2 FRESMESIHE

Fig.2 Distribution of drought vulnerability
LREACE T M5 VRSP R, BUE BB TR ST 5P
JRZSITIT AL Sk T RO 60978 A 11T 9 QR S e 5 1 S A A
i, BB B 1 AU T RS M S GO P 4 B MR B IR
SR L LR T RS 22 A i s 20 (AR R M 5 Pk SR O &, B
EMRBITR A N TS LR TIT B ARS8 B 222 B | ol 0 Tl i
iy

>z

TRBE A
0.09 — 021

m 0 600 km
[

E3 TREREESHE
Fig.3 Distribution of drought exposure

@
A \M?
FRABMAN S y- y
0.06 0.16 e o
S AL
o3
z\f\_/ - Z; . L —ad

<
o ' S _
) . u v
g —
a 0 600 km
-

5 FRENGENSFE
Fig.5 Distribution of drought adaptive capacity

FARARS T FMES PR R ASCEL R R (8 6) , 55—l GDP LRI 327 ] SCHEICA 55+ 52 e 55 P )

http ; //www.ecologica.cn



24 1 VT A NET AR T RS ETE 9077

AR R, AHSC R LA AEXHE R T 0.8, U AMEBGR AR A2 55— Ml A5 U] N B804 2 i
P SR R BRI L XHEAE 0.7 H10.8 Z[H), SRBALAR N GDP k& Sk BOMA M4 Sl Ah i AR 5 e 55
PR L 32 ASC R B IR T 0.5,

0.7
0.7 0.6 -
0.6 . e
. . 0.5
0.5 )
0.4 . 0.4
o3 s o 0.2 i 03] ™ y=337870+ 0325
8% y=-9.2659x + 0.5744 y= 5.0?16)6 +0.3027 o1 y= 0.72659)6 +0.3979 8% y R-z = 5584'
0 0.010  0.020  0.030 0 002 004 0.06 008 0 0.05 0.10 0.15 0.02 0.04 0.06 0.08 0.10
TEAE% A IR T A HH T AR iR PS4
Aridity inex Total sown area Grassland area Livestock
0.6 0.7
0.5 . c 0.6
0.4 0.5
03t . L 03 It 04
z 02 »=2.2595x+0.3764 0.2 y=—21amx+o&w9 0.2 y=-9.857x +0.2194 0.2 y=15.4883x +0.2669
Zz 0l R=0.1086 0.1 R =0377 - R2=0.6817 0.1 R =0.8511
< 0 0 0
E 0 0.02 0.04 0.06 0.08 0 0.05 0.10 0.15 -0.04 -0.03 -0.02 -0.01 0 0 0.02 0.04 0.06 0.08
E B R LS LR Hi— 7 L GDP b
= Total water consumption Population density Urbanization rate Proportion of primary industry GDP
B 0.7
@ 0.6 -
0.5 TN
04 .
<. P . % 0 : . 03 o~
02 y=8.8836x +0.2208 '1 y=-2.9728x +0.3443 0'1 y=-14.721x + 0.1861 02| =-5479x+02565
" R>=0.7884 p R2=02716 p R2=0.584 0.1 R2=0.8349
0 001 0.02 003 004 -0.08-0.06 -0.04 -0.02 0 -0.025 -0.020 -0.015 -0.010 -0.005 0O -0.08 -0.06 —0.04 -0.02 0
Al Mol A 5 B A H SRk Z 2 A B A¥GDP ARSI
Proportion of primary industry employees Villages with tap water Per capital GDP Per capita disposable income
0.6 0.6 0.6 .. 0.6 ..
0.5 - 0.5 0.5 -t - 05 R
04 T 04 04 | 04 o0
0.3 .. 0.3 . 0.3 L. 0.3 . . "
0T y=-37386x 403402 gf y=50353c+03485 02 y=-08302x+04099 02T 5= -7 0054x + 03209
. _R-oas % R2=0.0957 (% R2=0.0012 01 R2=0.0789
-0.05-0.04-0.03 -0.02 -0.01 0 0 0.01 002 0.03 0.04 -0.025-0.020-0.015-0.010-0.005 0 -0.025 -0.020 -0.015 -0.010 -0.005 0O
A% A RHEBERE [f 5 ¢ 7= 98/ GDP N I HEKRF
Effective irrigation rate of farmland Fixedassetinvestment/GDP Highway density Education level
2
= 06 .. 0.6 0.6
| 05 T~ R 0.5 0.5
5 04 04l T T 04
E 0.3 . .o 0.3 . . . 03 . .
@ 021 y=-62223x+03108 gf y=-2.3315x + 0.3695 0% y=-6.776Tx +0.2427
= °~(1) R*=02875 o R?=0.0541 i R*=0.73
£ 20.05-0.04-0.03-0.02 0.01 0 -0.05-0.04-0.03 -0.02 -0.01 0 -0.05-0.04-0.03 -0.02 -0.01 0
BESF R BRI NSfiEE
Medical level Communication level Per capital saving

B 6 &istrSTRMEHEMNEXME

Fig.6 Correlation between each indicator and drought vulnerability

3.3 Wik T
3.3.1 AEDZ DR EE AT

B g A, AR A S K TR P 2R A B T A O 55 1 R B mr kA - (1 7). FEREAR DUURTT VSRR 2
T RS iy B AN 7 B A 2 S K B U B 2 T SR e 55 1 7 TR EE 43 301 R 80.7% (81.8% (83.6%F190.4%
Bt 80% , AENFFIERETT AL LT, bR TAES SKBIEE R4, TR EEIMEREA AH 5 A 0K
R, BT B 43.7% M 42.7% , A0k TH A2 5K IR R R A 5Tk A 53.4% , A ORI FE 5T

http ; //www.ecologica.cn



9078 AR Eire 40 4

1

BREE R 30.1% , 38 8 LT AES SRR R oTik i, £ D228 2448 EE RT3l T AR
WETT | A= 25 5 7K R UR DR 206 SR i 55 B9 SR EE 40 1M 52.99% . 58.0% .60.6% .69.3% Fl 72.1% , ¥Rt 50%
YR X B BT AT S 55 PR 57 s 28 B K RIS A S 4 Al 2 B R R B2, T A T R s b R
ZNOE5AFHE MR, TTRRE R IA 85.1% , 2 ZEXF S H i X 152 55 P (14 52 i e 1%, 745 A T
FITTRRE I AL 10% , Horr 4k 2 B0 R e 55 1 sk fee = 1 S 3k 7T, 4 9.9% , e AR Y & IR A8 DL/R T
FpaTHr s, 7300 R 2.5%F1 2.4%

PRI

NN

RS

o i 38 B

A\

&

L AR Bipkam

L2 B EE¥RT WRAS DUR

BASEKEE mits m SREE A5 AR

E7 SHENEXNTREEENIERE

Fig.7 The contribution of each criterion layer to drought vulnerability
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Fig.8 The contribution of each indicator to drought vulnerability
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Fig.9 The distribution of water use for each city
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