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ABSTRACT

Drought vulnerability analysis of crops can build a bridge between hazard factors and disasters and become the main
tool to mitigate the impact of drought. However, the resulting disagreement about the appropriate definition of
vulnerability is a frequent cause for misunderstanding and a challenge for attempts to develop formal models of
vulnerability. In this paper, the daily meteorological data, corn yield data, social economic data and other data of 9
meteorological stations in central and western Jilin Province from 1985 to 2015 are used. This paper presents a generally
applicable conceptual framework of vulnerability that combines a nomenclature of vulnerable situations and a
terminology of vulnerability based on the definition in the intergovernmental panel on climate change (IPCC) report.
By selecting 10 indicators, the drought disaster vulnerability assessment model is established from four aspects. In order
to verify our model, we present a case study of maize drought vulnerability in the Midwest of the Jilin Province. Our
analysis reveals the relationship between each single factor evaluation indicator and drought vulnerability, as well as
each indicator to every other indicator. The results show that the drought disturbing degree in different growth periods
increases from the central part of the Jilin Province to the western part of the Jilin Province. The sensitivity degree
showed an increasing trend from the southeast to the northwest. The places with the strongest self-recovery ability are
mainly concentrated in Changchun, Siping, Baicheng, and the other area. The ability to adjust to drought in each growth
period is weak and crop yield reduction caused by drought is easy to create. Environmental adaptability is closely related
to the social and economic situation every year, so it changes greatly and is flexible. Areas with strong drought
vulnerability are mainly concentrated in Baicheng, Tongyu, and Qianguo. In order to verify and test the applicability of
the model, regression analysis was made between the vulnerability index and the yield reduction rate of corn in three
typical drought years, and it was found that there was a linear correlation between the two, and each growth period
passed the significance F test of a =0.05, which indicated that the constructed model could reasonably evaluate and
divide the drought vulnerability of corn. The research results can provide a certain basis for risk assessment, early
warning, and disaster prevention and mitigation of agricultural drought disaster in the research area.

Keywords: maize, vulnerability evaluation model, growth stage, entropy combination weight method, regionalization
map

Copyright © 2021 The Authors. Published by Atlantis PressB.V.
Thisis an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/. 67



ATLANTIS

PRESS Advances in Economics, Business and Management Research, volume 172

T AE T ER L X TR TR RS eSS PR 5 X XY

FREE T, BRARRL T, B, REE Y, X

" RIIIEA F B, KR, 130024

THE IR S FE LR E, K, 130024

C RIS T 1 5 e R B S G (R g, K, 130024
YL TN, W F G TR, #i, 121001

Y IES. TR zhang jg022@nenu. edu. cn

WE

(0T 85 e 4 T BAE B B 7 5 9 2 VAR, ORI T R R BT L, AT, el e e
By P S5 OGS 245 SR 5 286 3R A, R T R Ik e 38 PR P 25 S PR . A SR 254k o
FiH O AN G0 1985-2015 4F 30 a (3B H U REUR . TR RAUR. LG RIRS SR, HARBOF %
BETTE RS (TPCC) 4% ot AR B R IESS VRS S, 3t T — AN R A e S5 A A
SEH 10 AMEER, WTRAREIRRE . BUSbE . [ 5K S RBRBEE SR DU AN ST T T 0 5 35 Mk p
P N T BE R IE R, AT B b o 8 X KT RS A I AT T SRR AT
T RTINS T RIS X R, DR AR A 2 I R . SRR, FHE T HE T
KR A 7 I T T AR MK . O R R P L TS . RO Al 3 T
BREREKR. DUT. FORSHX . &4 IR T R IGE RIS, S M. BREE B A R4
S LAHRATIINY, SRR, BA R, TR RO X S (. B, §T3.
AT WA R KR 038 P, PR 0 85 M5 = AN SR T L4 ) T AT A BT, R %
TPHE = YOTRRLE MG, I FLAG A 7 AGERL T 0 =0. 05 [UEEHEF K, I EIOBIR Al &
BB K S PR AT VA 5 X Kl e F S AR T N X A M 5 R A TR S iRt —
AR -

KEEF: FK, NEIHEIFITHE, L EH, WHEREL, XA

SARBAL I AR RE I A5 M AR A AT AR o 175 50 )

1. |
5l o IPCC S5 FLUVFAAR O R T RIS P A 2

illlg

ANV AE RPN 2L T RN 22 B B K 7 Th R 454
FAEM, AR RGER 5 52 BIAN R AR, T
W HARE RGN, &R NFIEBhE ™. fE
PG 55 5 1 R B VE O 6 Ak T 5 R 1) E B PP A
A R, XA RG89 P PR A T DL SR X 30 R
IR RE S A0 T R (K 4 4, 3 ek R
RS GIE TS C ok B S et AR e E
SRR (AL OB Ay, R ] EE L A AR S
X D s RO R AU X, RO AT R
P ve ERIURK, AR T L S o R A A o ol A 7
TITH RS AR o R X3 K 3R AT+ 2 e
SHVERIRIT T, B E 5 52 T 5 R I XA b X, )
RFCE PG RN TENE S E S, XHE T X iE
JEARRANEARAL, RUERR 427 B R o

£ IPCC 5 =—IRVFA R &, MESSTERE SO —
NI & R G5 MR, BRI LA

JPTE . JE S R O RRR tR H B A, XA E)
ST R BT — X R AE B AN 2 2 TR
AE (25 AT R A2 AR A, o i 55 Pk 0 AT PP A 3 22
PUEX 45 Rl

ASCH H FIAE T L — > 208 5 iRV 75
WA PR TORAN A A B T R gs . A Ess
JRAIA T, A AR AR PP T 54k & 2 G HE AR B &
ALk, DU AT 58 X TR L 3 [X fiz 5y 38 %2 T 5500
A B (0 B 17 K7 5 DL OE B BE 7 AR A8 AR
BEAT T SRR . BURE . B SRR AE I LA
SE N RE I VR . LRI AFIETEAR, 5 ULE 55
VPO R NP Tk = B T 2R A ) DX

68



ATLANTIS

PRESS

2. BRARXHEAR

RIFTEF R ATHRE P IEHX, HHKE
FR PG X - ST AR SN 798 X 104km®, 5+
o AR 44. 239%™ 7. BFSEIX AL T 2 AR FA T

JEPE R, BHRICE RS, A RET . AR

POl KNS 19 BN HHE R Py
MR TR AR X, R B ORI O
APPSR S RS SN PN i o) AR =y
B, WARM. 2XEKZETFHHEN
399. 7°576. Tum, [F/KEFERLUK, FHNIEAL
e WTFR X T RAREME, FREnEB, )
KRERE EHIZ) T R B &

3. MR E Ak

3. 1 BRI

BT ARG X 9 AN R s
I T s, B ST ARG AR A TR T S X I
SEBHE. KEEHEE . TR, EokE
FROEEE . Aol giith$dE . s SR8k
BT ES S ILEM, AF 1985 4£-2015 FiX
HARZREZR (FKkE. K. FHXE. D ;3 KF
BRI T 5 R R E, 4E 1985 4:-2015 4F
WFFR X TR E R, . R fliE. L. R
PHIE; . B EEEE. U EdE RIET

(EMABGEEYY o NDVIT By T Hb B8 2% 7 5%
?E —Z—: [8-14] .
3. 2. WFEIE

3.2.1. iFIM G bR bRt L

TSP RS BN A G —, B LI AT AL
HHSR T S AT AR AEAC AL R, DIV BR AR BRI AN [
FALL TR R . A SO AR ZE A VA
Hp T IR, SER 75 TR $E bR

- Xij_minj(xij)
ij .. - He
max (Xij) —min ; (Xij) (1)
~omax (X)) =X,
Y max; (X;) —min; (X;) (2

3. 2.2 fHH AR EF

J# Centropy) fRIZERKIREIEE, ZRA
R A s VR —Fp R R FRS RN R
SRR B BLE (K 7 IR R, VPR g A
BUm A B PR AR, HTGE RS AR BTk SR X %
TRARI EAARLE . 2O TR 5 — 2 HR A
BCE R E WA %, B4 LR# 2. £
JEVE R L EIP SR AR F SRR, B

Advances in Economics, Business and Management Research, volume 172

ERIREE R TR N T PR E IS
W 52, ASCEBAEH T 2R3 riE A
WU KSR FRPR R R L) w' AT w)”, P 3R
HEE— T, BRETERRHEBE .

a b
Wi W, 3

Hebeowy A% MERIASHARE v N
%5 MREIER IR ERE, v AR § Y
TIBLEA R EL

3. 3. IEHFMRBZ

ASCEET TPCC MEIITERIE L, LR EIX I
ERARAL T B S R E S0, R UK L N RE
TR B 5 R REF1 AL T RN 2 AR
RZ RN 512 SN

DV| — HI xS w
RSX Ra
S ZZWSiXSi
i=1 (5)
RS = ZWRsiXRsi
i=1 (6)
HI :ZWHIiXHIi
i=1 D)
Ra: ZWRaiXRai
i-1 (8)

A, DV R FKT RIS HT RoRT
EMFEE (DI 8ECRTE) 5 S RoRIEWiustE
CHA BT E, NDVI F850CREB) ; Rs F#onH
Sk RE 71 BR8N 8 B K B o R Ok
) 5 Ra Rt e. A SERMNENESN (HA
ROEEMR A . RE AN OB RAKE. #
BExH o) « BERECRE) o Xas X+ Xeeis
Xeat 0 IRNEURNE. TRMBIFEE . A S IKERE
PLEREEE N, Waie Ware « Weoin Wea 20 BB R KR
MEE 1 MR IR,

Zn:(l—Zi) —minZi

DI = —
max Zi —min Zi (9)
Zi=P/ETc (10)
ETc=KcxETo (1D
7, = 0-408A(RN—G)+900y (es —ea) /(T +273)
A+y 1+0.34u) (12)

69



ATLANTIS

PRESS Advances in Economics, Business and Management Research, volume 172

DI AERFE TN TREBCRREIRE Zi
NEF A REZKS WA AR, n AEEHN
KAy e S R maxZ1 Al minZi 439 N A
SEA AR RLAE B IR SORE R B /ME P oAE H K
i, ETC MITEZEUE KC BRI B HIED &
0, ET0 AR H S HAE 2B, mm « d1, Rn MR G
R G AT E; T ONHFHRE; w2l 2
AL RGE; es NHIFIKIRIE: ea NSEPR/KIRIE;
ANABAZKREMZERIZE; v HTRREE.

1-|Yw|/Yv
m=—/—'

Km RARBURMETES, Yw N MESLPRAE
(kg « hm’), Yv NSMEEF T (kg » hm’), R H
Thornthwaite Memorial LB+ HAEYISARAETZTT.
30 000 —AL RK, e=2.718 28, V NETHHEK
B (mm), R NERBKE@mm), L NEPEWREKER
= (mm), t AFETFHEIE.

Kr=(T-T,)/T, (17)

Kr MABEIERNAETEHL, To X2 47 B R
KA. T S ELRE K.

v e § ({0 (18)
Yv = 30 000(1- 70006200y (14) = )
SQT N HIEIEHEL, Ci NBIEARIIRIEE, Wi N5
R 1 EHWE PGS A KT RIS N R AR A R
FERTREAR
S —— R PR TR, RRRE KRS e SRRy
FHi-HEH 0. 1563 0.124 0. 1455 0. 1483 0. 1905 0. 054 0.0436 0. 0495 0. 0387 0. 0495
M-k H 0. 1845 0.1384 0. 1421 0.1342 0.1826 0.0571 0. 0463 0. 0455 0.0238 0. 0455
ATl 0.1923 0.1012 0. 1515 0.1343 0. 1886 0. 0564 0. 0408 0. 0499 0.0311 0. 0539
- FLRGH 0.1773 0.1013 0.1697 0.1413 0. 1906 0.0474 0.0477 0. 0586 0. 0242 0. 042
LB 0. 1664 0.0943 0.169 0. 1479 0. 1944 0. 056 0. 0569 0. 0598 0.0118 0. 0435
V- 1.05R (15) i AN TRARECE CRSCH AU 0. 5) .
J1+(L.05R/ L)’ RS K PRI 5 B AS o P 6 A E
L =300+ 25t 4+ 0.05t3 (16) KBRS K AR R HEAT R 43, o AN IR i Bl 1) oK

4. ZRETR

R AE bRk R R S R A AR, TF S 3 5 Ak
BRI HLIX 2004, 2007 A1 2014 =ANHLAIFRAE
MBURYE, BSRERE), TREINEE, HEE
i8I CA R e 551

TR U NE 7 M B B R TR U R RO
NDVT P ihR. 2004 4F, SURTEREE 2B AFE A
Vb 3% 3G R, B XIS R T B UK X
2007 4, FEARBURTE DA T 2004 FEA{EL, UL
H 2R B 1) PGS RPIR A, o RN A H Y
MARHSE R W R AR Z1E R 2014 &, BURREE
AR ZE AL RUN, BRAA . DUSP . XGL A2 2
DX SRR AL T U R IR o B AR A7 A U 2R L
RPE AR LR A=A S B 4 (1 U [X

RIEIRA o % B A A v 58 4 A T B A K

X7 PR EAMAE SR E R, R 2. 1. %

KRR 1 0 7 1 S o R R A B A

§ £
B
£ % H
&

z

ogzozz
i3

&
3
o

H
(1 [0

B 1 75 bR o A 2R R ORI [X

H 5K RE 1 R T R R R R
PRI IHE ST, A& R X3 R K 5 fe 55 1 1) 2 22 1A
AL o ASCERCT PRETIE A 1 5 St S P A
fRbe B B A R EATIHE T WBA 15,
=AMR T R AR A ROKR H SRR fiE
ORI EEEPAERE. T AMEHIX.
SIARXE, BFAIX EOR B SR RE B S X E
BAERIEEM . PRRPH. SRS, AR
X TR B SRR BE ) B B M T

RN

70



ATLANTIS

PRESS

B, X F B TOKAE IR R TR Fl i FAT 5%,
HIEZ 3| —E MBS T3 RS 5k A
I o

B 2 EME T RO SRR RETTX
s

T I B R FE S Wt 1 A X 5k i 55 14 T2 1 1 b
WETIEE, MG EHE TS ER, LEE
. AT AR & . 2004, A5 MR PUEB
i [X YA 2] 7 ) R R, A LR S AR R
L XU T R T IR RN, (HEAS R
(X A TR B AN A I, 2007 4E TR
(I A LR B AR a3 15 2004 4FEARMRL, P2 K PR
FE TR Y AR K 2014 EF R IR
P R IX ORI . KFEHIX, A AR i
X AR B & T R FEE T . H G S X
TEEAEEMRT AR, AR B R A v A
HERENZEFEAKR, BT 2R ERKIA
FEEE, A7 R K SRS A R 2R

0 35 70

140 210 253‘ e B Medium

Advances in Economics, Business and Management Research, volume 172

B 3 75 bR cp g s R - R AT R E AR R X R

X T PR A RS S DX PR IS M T3 AT PR A
5X&. B ERE, HAE IR HLIX A5
&R ) X R s, E AR E R R R,
BT EAR Y, REBUEHAR; 2004, A
ZESVER, B ME T X KR WL P
MIPRBEE M RE 7R PRAT Mt KIS IR SIS

MLRETIH 5. EIPGIL. AR omrh a2 s R I 5 .

2007 4, FR@HBRAERD. . . XU

BEIE MR T e, IR A (13 S RE 7 ) R 5

2014 4, MEERAE ) RIAALIE, RIS
MIBLG . PABEE N RE ) 5 R AR I A & A FRIR DL &
HH, PrUARSNBOR, BORWE . BAEH M P
IR N e B A2, I AR R S
I B SRR ERREAS 252 TT -

0 35 70 140 210 280
— — w— lles

B 4 AR b G g R AR B N e T XK

NV AR T RIS R, A SO B 7 X
FARFFREFLEEIR . UEXH, ZaBEEk
5 58 AR B KB St MEL, 38 B

B RS AT MO T2 ARE. PR,

—f. ERE. JMHE 5 2, ZPRWE 2 Pos. A
FEX TR T g9 PE e B A 3R 2 175 A48 vh P
FRT e G F LR brifE, /2] 3 MR
S AN TR A B 0 PR T K T M 1 S 2
Ao A

71



ATLANTIS
PRESS

R 2 EHMAE P LK RG99 155 2%

AFH O HEHE R AR ALR—AR
R <1.12 <1.15 <1.37 <1.39
— 1.12°1.24  1.1571.25  1.3771.44  1.3971.46
g 1.2471.37  1.2571.35  1.4471.51  1.4671.53
Gl 1.3771.48  1.3571.45 1.5171.58  1.5371.60
FEEH >1.48 >1.45 >1.58 =1.60

Seeding to jointing stage

Jointing to tasseling stage

Tasseling to milk-ripe stage

Advances in Economics, Business and Management Research, volume 172

Milk-ripe to maturity stage

#
Ghﬁhng) ang
Siping

\ Gongzhuling
ishuShuangyang
Siping

year 2004

ling stage

Tasseling to milk-ripe stage  Milk-ripe to maturity stage

year 2007

ing to milk-ripe stage  Milk-ripe to maturity stage

Seeding to jointing stage inting to ing stage

A 0 35 70 140 210 ughles
B 5 2004 4. 2007 A1 2014 F T KAFAEE AT 50655 14 25 (8] 0 Af

MWEAR FF, =ZANLR T B0 b R oK ME 55 1
BRI X B A B, TSR HX,
TR LG Hh X FOK &N A H B kAR R ™ E a5 PR 1
JURE . ST, 2004 FKIE. XSG, DU
KELEIN T M ga M Reg8; 2007 GFEFe4y. A5G
FgPEREg; 2017 fEHRA. BRI, X 5%
TE SR X 3k N SR R R E UM G,
HEKEAN R LBEKRAE R NEBHKRE, b
BHEAKRMAEK, KA KL HESS M H X F
BAGYTOR, R AR T I ) AR R e e
G 5514 B o T 3 — Wk AR FE - FL A . BT —
T FESR T AR 55 R A ek R R RS
A, ME TS PE A i X R TSR T R &
ARG R R . A R 5 P X R
()3 e~ 0 %0 O 559 2 72 R A AN W 3
i 2004 FEH) 41%, LFHF) 2014 FH9 90. 3% . 4t
X g 55 1 22 R, BB B S E RS A T,
W 5 52 B 5k F 52 m S B EDIR" o L

year 2014

bvi - Mild - (icncraI:] Mtdium chere- Grave

W, HEEMEIITERT S LR, 5 60. 7% . -1k
TS T - L AL A s AT S i 1 v )
W, AT, MR K. U EgRY
P SR Ak J A U IX R T 5 FORAN R 2B K
THOLLLEY & .

FEZATF R T 2004 FERGH B —HRTHL b
ME-FLRIY] FLA— B T S e ss P R, 2014 4F
a4 B WG ). 4K 2 AU 95 B 1
WIXEAAAELTRE RS NHshZ . ZRL ™ H
KAEBFHBIX E LR RN . I e gt
7205 B R #OE RIEARS A LRI Ol =T
AR, FORTFE 59 M A 5 0 ] — RO A AE b
TE=FUSASUIRT H v — 4R, LR FL A — R
R TORA AT IR K KRR FORFE i
RO K SRR HRAT . A SCIWE LA R, X
IR R 89 RN S R XA S AT R R )
DG, BAZWZESE . x5 14 5 e i Hh X vy
PAMBHEOS RN T, WRAS ESCEBHE I, AN
WERRAEY B B R RE D) LR IR R E 1 e



ATLANTIS

PRESS

DA PR A8 e o8 A R 5 ARy 5 O T A )
TR B AR 0T 35 AR ORI
SHVEVEO AL BEAT R 43 8, IR R W] T ARAE
R FRE AR RN, B T a =0. 05 /) F K25 (i
Bk 9. r=0.78, P<<0.05; & 75—t

r=0.77, P<<0.05; #hikfE-FL#MH: r=0.69, P<0.05;

A r=0.72, P<0.05. ) , ®ANEE W
HIE B T R, UER T AR AR oK
EMETIE T 5 X R R A E R, AT DU SRV A

B

AR R T EH K E SR KR
( 2019YFD1002201 ) . X HARR ¥ RS
(41571491, 41371495) . FHARE R K BRI
ARICKTE (20190303018SF) Ak FBHEG &gt
RIE S AT E (20200403065SF)  KH M RHE T
%I (19SS007) ) 2 4

SR

[1] Shi W, Tao F. Vulnerability of African maize yield
to climate change and variability during 1961-
2010[J]. FOOD SECURITY, 2014, 6(4): 471-481.
DOI:10.1007/s12571-014-0370-4.

[21 Z'H:. T GIS MEKT TR RKERNKIEE S
XEI[J]. wERIA%, 2007,28(01):100-
104.

[3] IPCC. AR4 Climate Change 2007: Impacts,
Adaptation, and Vulnerability [R]. United Kingdom
; New York, NY, USA.: Cambridge: Cambridge
University Press, 2007.

[4] IPCC. AR5 Climate Change 2013: The Physical
Science Basis[R]. United Kingdom; New York,
NY, USA.. Cambridge: Cambridge University
Press, 2013.

[5] Antwi-Agyei P, Fraser E D G, Dougill A J, et al.
Mapping the vulnerability of crop production to
drought in Ghana using rainfall, yield, and
socioeconomic data[J]. APPLIED GEOGRAPHY,
2012,32(2):324-334. DOI: 10. 1016/ j. apgeog.
2011. 06. 010.

[6] &5, JRakAL, FRE, &5 1 55 a H AR IR
KA RGN A RAE AT [I]. B AR K E R,
2018,27(01):186-197.

[7]1 Guo E, Zhang J, Wang Y, et al. Dynamic risk
assessment of waterlogging disaster for maize based

on CERES-Maize model in Midwest of Jilin
Province, China[J. NATURAL HAZARDS,

Advances in Economics, Business and Management Research, volume 172

506 I K T 55 1k DA B PR B3 B TR
ko

AR SCAE TR 5 e 95 1 6 o a8 ORI A 3 7
M WAFE—EANL, WEsgtEPFm 18— sh &SR PF
Wik, fRbRfEmS A4 ERRBIAGS, JF H b T
Bl RS BT ARG, 2R @ T T 5 3k
HOURE o2 A P [ 2 sl DX R S . Mg g Ve AE AL e e T
REZR IR R, PASAS B 7 PR 48 AR TLIA] )
RIPIE T 2t — IR R

2016,83(3):1747-1761.D0I:10.1007/s11069-016-
2391-0.

[8] HZFEALMEEHO. FEARB S HIEILZRS
MI[EB/OL]. [2019]. http://data.cma.cn/.

[91 wERME R =BT TR, o E AR5
% P 15 K M (CGRIS-Chinese Crop Germplasm
Information Network)-Welcome[EB/OL]. [2019].
http://www.cgris.net/.

[10] EMHA G mg. HMGHEE M]. dba: dbat:
HRE S H Rk, 1985.

[11] HEHE GRS, SR a2 Tt a5 M]. b
AAbEG: P E G R, 1985.

[12] @R, hEAR SR FE KL FHEM]. bt db
n: A% A, 2008.

[13] skfHT. HMRBKBEIEIM]. K&F: K& HHE
2FRR H Rk, 2008.

[14] P EBLEERE T EALNZE Bty 3 2 8] £ s
z[EB/OL]. [2019]. http://www.gscloud.cn/.

[15] XISEWF, Tk AT, FHAE. L2 E P dh B AL 77
VLB T[], Ber R 5 R, 2018,36(06):84-
85.

[16] Z= e ifE, XML, HE B EEENIS = 5% 20
HRI N I]. R AR 254, 2014,32(03):55-
58.

[17] SRYER, H TR R R MTIE S AR R AR BT R
iz R I VA ) B o S i S O
2000,21(01):97-101.

[18]E85E . BBk 5 N [M]. dbat: Jba:
BUBR b H Rt 2002.

[19] Bz, FETHUE IR D Tk RATHL S 1B X
BN FC[D]. PUNAE T T E R AT &
17208 RATHE AR 2B, 2012.

[20] RJEHk, £, B8, & SHREHTETREXE
BWEK SRR LR T HEYE M
2018,16(13):4466-4472.

73


http://data.cma.cn/



