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Assessment of agricultural drought vulnerability and identification of
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Abstract: 10 cities in Shaanxi were selected as the research objects to evaluate the agriculture drought vulnerability
in Shaanxi by 14 indicators through two points on the drought sensibility and resilience in agriculture. Entropy-value
method and contribution model were adopted to assess the agriculture drought vulnerability and main contribution factors
of the 10 cities in Shaanxi according to water resource, meteorology and social economy statistical data. The results
showed that the agriculture drought vulnerability levels of Hanzhong, Ankang and Shangluo in southern Shaanxi were
higher than others, reaching to 0.7128, 0.7110 and 0.5897, while the agriculture drought vulnerability levels of 7 other
cities in Guanzhong and northern Shaanxi were medium. In addition, the spatial difference of agriculture drought vulnera-
bility was not based on the social economy development level and land climate conditions in Shaanxi. The sensitivity was
highest in Ankang (0.4238), lower in Guanzhong and northern Shaanxi, and lowest in Baoji (0.2123) . The resilience
level was lowest in southern Shaanxi, and few differences were found in Guanzhong and northern Shaanxi, while highest
in Xianyang (0.0992), Weinan (0.1301) and Yulin (0. 1554). For the impact factors, the main impact factor of
Xi’an, Xianyang and Weinan was the population density with contribution degrees of 27.11% , 15.11% and 14.18%,
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respectively. The main impact factor of Ankang, Hanzhong and Shangluo was the dryland area proportion with contribu-

tion degrees of 29.36% , 17.20% and 18.38%, respectively. The main impact factor of Yan’ an and Yulin was the

dryland area proportion ( contribution degrees of 32.18% and 29.36% ) and the rate of irrigation (17.24% and

17.24% ) . The main impact factor of Tongchuan was the rate of irrigation with a contribution degree of 16.49% , and the

main impact factor of Baoji was the rate of reservoir pondage with a contribution degree of 10.76% . Finally, this paper

put forward measures of agriculture drought vulnerability controls in different cities based on the evaluation results.

Keywords: agriculture drought; vulnerability; Shaanxi Province; spatial difference; contribution degree
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Table 1  The evaluation indicator system of agriculture drought vulnerability in Shaanxi

ki SRS — st S LI
First class indicator Index code Second class indicator Index code Index nature
ANI1% % Population density/( A +km~2) Ay 1E[7] Positive
M= {E T Ratio of agriculture productiont/ % A, 1E A Positive
BREEL multiple crop index/ % A 1E 7] Positive
Eﬁm ﬁ A A A FTELEE Ratio of agriculture population/ % Ay 1ETa] Positive
Sensibility
b AL Ratio of dry land/ % As 1E T Positive
LAY K B Mean annual precipitation/mm Ag 1] Negative
ZAFEFHIRE Mean annual temperature/ % Aq IE17] Positive
IKPEVAE % Rate of reservoir pondage/ % B, 111 Negative
HEHBEEA Rate of irrigation/ % B, 111 Negative
A RAFIEEA /TT Per capita income of farmers/yuan Bs 1] Negative
WEh B NIRRT 7= 5 Per capita grain production/kg B, 71 11] Negative
Resilience AT FL Per capita cultivated area/km? Bs 117 Negative
P A7 | = . -2
Eﬁfuﬁ&ﬂﬂﬂh%g/(t km™?) ) Bs i) Negative
Agricultural fertilizer quantitu per unit area
N3] GDP/JG Per capita GDP/yuan B, 71 11] Negative

1.2.2 #ERREHFAFAEL AOPKT S
X A HE PR B R IR T (B PE S 1147 45 (2014) ) ('
KA G4 (2014) ) (T EDK FIGE T4 40 DL R 45
R0 QI o 2 S S S N L ST+ N 2 o O |
1994—2013 4E%#5 .

TR s R WA G — , A 1T ek, Rk
AT T WE S PEIEAN , B e EE B i AT L
AN RBRAEAL AL BT FEA) T SAME S PEVE M o, IE 17
FEBR IO [ T8 HR XA 25 R 1 52 M 2 A [a] 1Y, PRt
TEAL PRI N Z X FE AR 0 DPERXT SR, m
APE AR s m AR PR 3T 42, AR IEM R AR, W
xy NG L VP RIS j AN RAME. T S FoR
AEFRE FIARHEAG I, Max ( X;) FR%55 j TAEAR (1 5
KAE, Min( X;) FoRE j W8 b5 08 e/ IMEL, X IE
BEET VISP

X; - Min(X;)
S = Max(X;) - Min(X;) 1
(i=1,2,,n5j=12,,m)
Xt D SR b B AR BN -

Max(X;) - Min(X;)
(l = 172’“'9’1; ] = 1’2’“'9m)

2, Sy FUBUEAE 0 3 1 2Z 0, S, 8k 0 X e 55 (8
TUHRER/DN, S BT 1 GG PR TTmkE R
1.2.3 WRCE#HEHARE  HEFHERAGE
(A S T2 A S WIS R 2 AL 79 b 7 X, 320
WA B AHP i E/RAER A B HEROR, &
SR BRI AR 5 R AR A4S, v B 320
IRAR 2 1 LRl 2, P R (B0 i T LR R S ke
Fe bR B RN M, X RE S IRFE bR M5 B E S,
WA IFFE AU 2 L L R, AR SR BUR (.
Pt Al T 55 PEPE M P bn A, 115D IR
wmr.

BT IR S, S | DI RTRAESS )
A AR FR T 0 Sy 76, i LT, DA T A4) A2 4 e
[P THRALE AR -

S
@ pry = (3)

1S,
i=1
@ SIS B o

ej :_ﬁi(PljlnPl]) (4)
© RIBE R 22 IR g
g =1-¢ (5)

@ BiE s w,



5 25 - FE T RGA Rk P 48 Al SV S5 PV S 2 mi 1R

201

w; = gJ/E g (6)

1.2.4  JR3BHirmags ﬂiﬁﬁﬁﬁﬁul_ ELENEN
DA B A ) BE R T SR F AR B P M
AV T W55 PEAG AR, Al T 5 1 55 1 i A
fRTPR I 55 B, eSS PEFR EOk 3R , A SCR A R M 55
PEVEM AL .

14
Vi = ZWJXSL]

(i = 1,2,-",16; j=1,2,-,14)
o, v ARSI 55 45 K, BRI X 1 52 B0 e s
FERE 5 w; FUERE j BRI 5 S AR @ ok
5 R PR AIPREAL(E

TR SR 3 e A T IS5 AN Y P A
B, O T A M AR R BV A Al T eSS

(7)

filﬁ’]l?bl&ﬁ?ﬂﬂ%azf;,u@%%ﬁl@iﬂlrﬁﬂ%ﬁ’]

A1 MR AT IR o b e 55 M AR, At
%Wﬁﬁ@iﬁ%ﬁ%ﬁ%fﬁ[““ﬂ MZEER, HEA
F PR~ Pt i BE AR TR 4 g TR 7 STk RE AL, T T o0
Bt H s (s ) 19 EZ DTk 7

c, - F- x 1 8)
Z Fj x I
U, = > C; (9)
2, €y FRER j TARHRI 2056 § TR S e 55

PERITEHRIE U, 25 P — S b S0 I 5 e 5
BRI F, S BIT0RS bR D 26 2 AR BT 1, W48
FRSIEIR I PR T4 b 5 W S L 500 HL 91, ol T
B BT P B 80 S LIRS B R 2 VA (415
1009 2% , IR I 7E 5k B A5 280 22 S I 1 B

B 53 AT RFAE , B X0 SO RN 52 0 P AS T T Ji 4y BT R DR AR HE 10096 )[13-14
SRS B4y, FO TR B BB TR 5 1R 5
oSS BEd i, R RS RO s e 2 AR BT
*T% ’?Efzféﬁ M5 @(E/J;f *T%xlﬁlo 2.1 IQEE%\Z‘ZL:FEE’JHI‘LEE'I'E
Lé%rﬁiggiiﬁiﬁmf§§§2ffﬁ 2.1.1 MBI FAR ). Q2) TR
PRI, A JAS[H] S e 55 P K T ; 5 .
FTPEO A X, 58 T ) T 0 35 5 i Al T 7 M 55 FEALSLIS IR S, T
[1.00 0.00 0.71 0.05 0.00 0.63 0.84 0.67 0.04 0.00 1.00 1.00 0.54 0.447
0.20 0.18 0.19 0.00 0.87 0.56 0.27 0.67 0.93 0.71 0.71 0.40 0.66 0.74
0.19 0.36 0.32 0.00 0.44 0.45 0.69 0.76 0.27 0.68 0.18 0.67 0.61 0.69
0.54 0.75 0.37 0.49 0.18 0.76 0.61 0.00 0.05 0.65 0.30 0.80 0.00 0.75
0.44 0.71 0.27 0.30 0.02 0.65 0.76 0.42 0.00 0.80 0.22 0.60 0.43 0.94
Sg - 0.00 0.25 0.03 0.51 1.00 0.74 0.22 0.29 1.00 0.63 0.53 0.40 0.78 0.37
0.08 1.00 0.90 0.81 0.24 0.00 0.87 0.98 0.69 0.88 0.79 0.40 0.72 0.94
0.02 0.04 0.00 0.84 0.73 1.00 0.00 0.16 0.80 0.63 0.00 0.00 1.00 0.00
0.07 0.68 1.00 1.00 0.76 0.02 1.00 1.00 0.80 0.94 0.71 0.87 0.79 0.98
L0.49 0.806 0.88 0.24 0.81 0.40 0.57 0.98 0.76 1.00 0.82 0.93 0.87 1.00-
R (3), T AR Py T
[0.33 0.00 0.15 0.01 0.00 0.12 0.14 0.11 0.01 0.00 0.19 0.16 0.08 0.06 T
0.07 0.04 0.04 0.00 0.17 0.11 0.05 0O.11 0.17 0.10 0.13 0.07 0.10 O.11
0.06 0.07 0.07 0.00 0.09 0.08 0.12 0.13 0.05 0.10 0.03 0.11 0.10 O.10
0.18 0.16 0.08 0.12 0.04 0.14 0.10 0.00 0.01 0.10 0.06 0.13 0.00 0.11
P 0.15 0.15 0.06 0.07 0.00 0.12 0.13 0.07 0.00 0.12 0.04 0.10 0.07 0.14
Y7 10.00 0.05 0.01 0.12 0.20 0.13 0.04 0.05 0.19 0.10 0.10 0.07 0.12 0.05
0.03 0.21 0.19 0.19 0.05 0.00 0.15 0.17 0.13 0.13 0.15 0.07 0.11 O.14
0.01 0.01 0.00 0.20 0.14 0.18 0.00 0.03 0.15 0.10 0.00 0.00 0.16 0.00
0.02 0.14 0.21 0.24 0.15 0.004 0.17 0.17 0.15 0.14 0.13 0.14 0.12 0.14
L0.16 0.18 0.19 0.06 0.16 0.07 0.10 0.17 0.14 0.14 0.16 0.15 0.14 0.15 -

IRIEIEE (4) R (5) R AR IR o, &
2 RHEREL g SN

e, =

;= (0.7977,0.8687,0.8578,0.8207,0. 7288,
0.8945,0.9206,0.9101,0. 8548,0.9647,0. 8933,



202 T2 X AR A5

5 34 45

0.9336,0.9419,0.9315)

g = (0.2023,0.1313,0.1422,0.1793,0.2712,
0.1055,0.0794,0.0899,0. 1452,0.0352,0. 1067,
0.0664,0.058,0.0685)

e iR (6) THAAR A R R BRI w; 73
N -

w; = (0.1203,0.0781,0.0846,0.1066,0. 1613,
0.0628,0.0472,0.0535,0.0864,0.0210,0. 0635,
0.0395,0.0345,0. 0408)

HRAE(7) T BB PE 48 50 K T HR BORIA
b 5 55 P B I AT AT B PE A 10 A4 H
() g T~ e 55 1k 1 A5 SRR B S ik 52 )
R (FE 2. - 1),

H T, fEAO T 2 a5 1 S 2y B oA
W BRI , A SCAE S AH D a5 PEARF 28 BUR  #All T
a5 EHE B (ADVI) 7E(0,1) JEFER] 73 R (0. 67
< ADVI < 1) .%1(0.33 < ADVI < 0.67) .1 (0 <
ADVI < 0.33) =A g l15-161

x2 BAHEHRULTERSE LI

Table 2 Comparisons of the agriculture drought vulnerability for cities in Shaanxi

ki UL & i 55 P4 K i 355 P 25 4%

City Sensibility Resilience Vulnerability index Vulnerability level
P2 Xi’ an 0.2649 0.1789 0.4438 1 Medium
#i )1l Tongchuan 0.2324 0.2250 0.4574 1 Medium
FAY Baoji 0.2123 0.1654 0.3777 1 Medium
J#PH Xianyang 0.3126 0.0992 0.4118 1 Medium
JH M Weinan 0.2431 0.1301 0.3733 1 Medium
FEZ Yan’ an 0.2946 0.2066 0.5012 H1 Medium
X H Hanzhong 0.3300 0.2597 0.5897 H1 Medium
Ak Yulin 0.2956 0.1554 0.4510 1 Medium
% Ankang 0.4238 0.2890 0.7128 = High
Fii% Shangluo 0.4088 0.3022 0.7110 5 High

J< 5] Legend

MU I 4R 4
Sensibility index
B8 Mk 52y R B
Resilience index
NN e 95 1 47 %
Vulnerability index

B1 BERLFRRESEEEREANTES R
Fig.1 The agriculture drought vulnerability index and

its structural spatial difference in Shaanxi
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Table 3 The contribution degrees of the indicators in every level to the agriculture drought vulnerability of Shaanxi Province

O WE W N R EW EE Wb W R
Xi’an  Tongchuan  Baoji ~ Xianyang ~ Weinan  Yan’an  Hanzhong  Yulion  Ankang  Shangluo

Al 4.94 6.05 14.18 0.00 1.63 0.60 1.18 8.29

A2 0.00 2.88 7.44 14.22 3.90 0.78 7.45 9.45

A3 3.30 7.17 7.60 6.12 0.51 0.00

R A4 1.20 0.00 0.00 8.57 [10.85]  [14.64] [22.33]  [14.95] 3.60
Sensibility AS 0.00 7.05 0.86 32.18 6.57 [20.36]  [17.20]  [18.38]
A6 8.92 8.15 9.27 0.00 0.18 3.53

A7 8.93 2.61 6.99 9.61 2.07 6.96 0.00 6.62 3.78

At Total  59.69 49.74 56.22 75.91 65.14 58.78 55.96 68.73 59.45 57.50

BI 8.08 7.35 0.00 6.02 3.10 8.89 2.13 7.51 7.37

B2 0.78 16.49 6.18 1.05 0.00 [17.24)  [10.11]  [17.24] 9.70 9.24

B3 0.00 3.06 3.78 3.31 4.50 2.64 3.13 3.30 2.77 2.95

W B4 14.31 9.25] 3.03 4.63 3.74 6.72 8.51 0.00 6.32 7.32
Resilience B5 8.90 3.24 7.01 7.67 6.35 3.15 2.68 0.00 4.82 5.17
B6 4.20 4.67 5.57 0.00 3.97 5.37 4.21 3.82 4.71

B7 4.05 6.19 7.43 10.28 3.01 6.50 0.00 5.61 5.74

A1t Total  40.31 50.26 43.78 24.09 34.86 41.22 44.04 31.27 40.55 42.50

T - e PO (B 32 2 Tk P 1 SRR EE (AT

Note: The value of bordered number was the contribution degree of the main contribution factors (Top five) .



204 THH XA AFTE

5 34 45

2.2.1 —BIBAFERTRURESH  HE 2 8]Hl,
SVASR UL, BEPEAE 10 380 R B X Al 1 5 g
S5 PESE R TR s TR IR T, B R PH A A
Hh, 22K, Hod R A R BT R R K,
ik 75.91% , Hox 9 A3k e # A7E 509% DL L,
I, 7T 5 B 7 A ) b Rl T 5 e s P 1
RHARLE TR AR BB

2.2.2 ZBBEHREATURESH  KRIKIITH
14 N FEFRH AYRET 5 VE8 EE TR AR P 3 1]
T, XTI PG A8 Al T 5 55 PR A 3 AR A DTk A
T EEAEPAERUEME IR AR b B 1 b R

80.00 -
3 70.00 -

de
D
<
(=]
(=]

/%
iondeg

2.2 50.00 -

2 40.00 -
30.00 -

ik |

et

N

[+

.
ctor contribut

a T
-
S
=)
S S

0.00

i TR A AR R bR LR T

VWS NN N 1 N 1) B e o
PRZ 10 AN 30T 3% 46 05 25 2 AN K, B 75 42 3k %)
10 0007C LA b, Heg 3l T #(E 6 000 ~ 8 000 JT; 111 2
RSP P K R T R R B R I PR, B T BT L
o BRI G ZE LT 7 AR TR T Sk R e R
HEAER S, U BH B4 W o B g 2% B4 1L X ol T
A 55 R R AN, TR R XS (0.008 % ) il ZE B
(0.18% ) JL-T- A vimk, M L B 4K G i o B o oA 42
Bl (BT eSS R AR

L7 )1 ERL) JABH

i 2 e i Ak 93 T

Xi'an Tongchuan Baoji Xianyang Weinan Yan'an Hanzhong Yulin  Ankang Shangluo

W1l City
—— B M 5T K Sensibility contribution

—8— K& J3 5Tk £ Resilience contribution

B2 BREE&H—RIEREFREE Lo

Fig.2 The contrastive analysis of the first index factor contribution degrees in cities of Shaanxi
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