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Fig.2 Changes of historical disaster sample coverage ratio (R) under different cumulative probabilities of apple Drought Index (DI) from
1981 to 2018 at different growth stages

2.1.2 BMAER BEACHA . BRAE-AIIR B AT 7. 5% K-Mean
PL0.74. 0.75. 0.50 AN#IEHHIRFEFR, #4 1981—2018 RRBEEAAEH N, FERAFERKR BN BER
SEFRIREBOR TG AR bR T R EUE E SUN TR BRI v 5 MR TRt SR Z T ik 2 Fis o
FEA, K K-Mean FISCK SR IRM B sh-wA 251, 95 2F— b 1981—2018 435 S 31 22 0 T 5 46 $0>0.74 1)



18 3 WA AL R T Ak AR 103

TR HFEARIAT R, BRI OS5 0.81, SR A R 5 A 2T A543 SR SR 7 30— 28 3

0.87+ 0.92. 0.96. 0.99; 435X} 1981—2018 £E#fi 2E 5 AE 1] B ZF-BRAE I . BRI R AR S R A O A
TRI8%50>0.75 MUEEAE- AT 29550050 T Rie%0d BE5. RABE EAErvE, SEARRKE BB B IR K IR
ITERZE, BREEPOESHN 078, 0.84. 0.90. 0.95. BT A e, R PR B E AT [0, 1] XH], 45
0.99 £ 0.65+ 0.73+ 0.80+ 0.86. 0.91. ZH[8] /722454 0.198. B 3 Frs. SER SR B B 2 O E A AN SRR

0.228. 0378, KRTHNTTZ (P<0.0D) (2 . HG A 0.814 0.87. 0.92. 0.96 F1 0.99 ARk FE 25 435l
g5 7N B B ] v
=0 BEMLSRHEN (;fi 0.‘10\ 0.46. 0.77 %u /1\.00; umi\&ﬁﬂggxiﬁjﬂﬁ
Table 2  Cluster center point and variance analysis RRAO R 0.87, MENIZHBEER TR KA BE, /P
A SR B B -1 2 I R R A R RO BIME Y 0.87, N

KTHE BRI L AL Variance analysis AN B b gt e 3 > e Bl e =
Phenological phase Clusters center point —y lZIZ”‘EQ:F:FTE'%Uiij 0.87 Hﬂ" EEE_T{Z%:FH:K%" HIE’
ATy % ANTT % Ty 3 S SR B 28 — A8 S AN B 6 — A 1 5k R BRI 40
SR - 50 A 0.84 1 0.73 (K 3) o MRk, SERTF kR

inati 0.81 0.87 092 096 0.99 0.198 <0.01 N ey e e e e S

 ower budding (KBNS o LSR5 550 9 5 B
5B FRAE RIS . S SR B 30 - BRI T

Flo“glrll]o;llg(()iri:gto 0.78 0.84 090 095 0.99 0.228 <0.01 *i;ﬁﬂ{ﬁiﬁj’g?ﬁjﬁ’ :[:/}j>080 %T‘E_}&%&/ﬁﬁﬂj—[‘m%}i{jﬁ’ %Dé]él

e BN, VRS, AT IR 01 R

Fullbloom o mature 6% 073 080 086 0910378 001 gy g F R PRI GEAR, T AR R (S
20 SR S B R

208t 208} 208t
w5 o w7
HEHT06 BT 06} ET06f
28 28 28
EZ04t 2 04 E204 ¢
o2t S 02} o2}
0 1 1 1 1 1 0 1 1 1 1 | 0 X ]
0.81 0.87 0.92 0.96 0.99 0.78 0.84 0.9 0.95 0.99 0.65 0.73 0.8 0.86 0.91
FE2&rputs £ Clusters center point F2& s £ Clusters center point F2& s £ Clusters center point
a. JUBEA - 2 b. B ZF AL c. BEAE- A
a. Tree germinating to flower budding b. Flower budding to full bloom c. Full bloom to mature
B3 ARAFHNELRERATFHME EREFRT S LR XIES
Fig.3 Euclidean distance between historical disaster samples and each cluster center point at different growth stages
2.2 FERTEMARERR BRI A R FREA T R ECFME 5 0.794
2.2.1 FREBEFIGF —HAE 0.792. 3 MR A B 3 XFEAMIMSIREA THK, T

FEF SR B R R AR 1981—2018 A3 S L HY SEVES NN 0356, 0.264 F10.871, ¥IKT 0.05, 45HEE
-RAEEHE. B SE- AR R E - A TRy, $REX B, 3 NREMTBIREEA R B [F— 8k, R T RE
FREMITRELTH. RPN 1981—2018 3R RINSER T REM T REREUT 55 R EFA TR
TSI BB E AR - T A SBEUT A B A R 1.

539 149, 142 A1 110 A FEH I3 5L 9 FREAE 3 700 154 2.2.2 WMEGrSHALE

33 156 Ao XTHAERAF R BB RI50T5, 455 KA TR 6 104 ASSF R 58 5 A, AR 4818 3
4 FiR. BT RERIE RN T REN T RUTs 5 [ 52 9 I () AN HE f, $RECE R T 24850 MR 4 2@ noE
PSR E T RIREUT A IR AR A - SRR BRI bR e, HIBE R 2R 2K, AT TR FEAR
WHFEN-HT2E T R Z AT 0.87~0.92, $REUEAR  TRAZUEFHFRE. mE s o TeUEH, R aTsh-i
R EREA G ELA N 72%F0 80%. HAZF-BSALIAT 4840 ZFHIM 14 AN RFFEAH, 11 MA@ T 20T
IR B A X IBON[0.84 0.86), FREFEASRERE  HARMER], 3 AMEATREAEE TREZLUT, ¥
AR ZBE X S L 08 33.10% 81 33.33%; . RTFEMEHR A RERELRRKENE XN
UCN[0.86 0.88), FREVFEAL K FHEAT RIS LA 78.57%; BHAE-BACIAN 33 AMREA, 27 AMEA TR
20.42%K1 20.22% . AL AT FIEBEE LN BHRERERTE, 6 MEAKGRE T fabr AR 2],

BRI, [0.73 0.760)BEX AT RIER sk ZMBSER TR ANRG R S SRR A &%
i, PEHUFEAR S REFAT R 2B E XS a0 8 81.82%; BAE-MAMAM 56 MR FFEASF, 5 A
4 31.00%F1 32.42%. 3 SR B BT RIRECT- A EbRE AABELAEFRHIRE R, 51 MEARATRERTEE R
ZEWNER 3 Fn. SEREWH - B F IR S K EFA  BREZENBSERRAETRE, WERRN 91.07%. BAK
T RIRECFIIME S 0.901 F10.899; HYZF—REALHAFRHUEE UL, 104 MMSZEEAF, 89 MNHIRG R 55—, 8
ARG G FERART RIBECFME S 0.881 F10.877; Hft- Fr R G IE I HER 26 85.58%



104 Ak TR (http://www.tcsae.org) 2020 &
041 [ ESR V-4 TGRS EE 04 04
Trigger threshold based-DI
O kREHAT R
—63+ 03 03
0 DI'1n disaster samples % %
5 5 5
So2f So02f o2t
2 2 2
= = =
T 01 F T 01 F T 00 F
0 ) )} N > N N )} ) D) )} N ) ) N )} 0 o) )} N ) ) o) )}
A PN WX o % NN N NS A AN >R o %
S FFHF TS F TGS S FFF TS

T 4E%DI
a. SHLULH 13- 5
a. Tree germinating to flower budding

TS 540DI1
b. i - BT
b. Flower budding to full bloom

THR4DI
c. HEAE- A

c. Full bloom to mature

B4 RTFAREBRMENTFI8E n L REFAT FHEINF 41

Fig.4 Frequency characteristics of trigger threshold based-DI and DI in historical disaster samples

x3 ETHARENTREERSHEREEATREERFY
XFLE ST R T 436
Table 3 Comparison analysis and 7 test between trigger threshold
based-DI and DI in historical disaster samples

wPmEmEn Ty RN
5 S
KAM B Trigger threshold based-DI Dlin hlstonclal disaster T1H
Phenological Samples T
phase A . AL . value
Number “FI{E Fr#E% Number “FIME ARz

of  Average SD of
samples samples

Average SD

i 205- 18 2 44
Germinating to 149 0.901  0.035 15 0.899 0.032 0.356
flower budding
W 2E- R L)
Flower budding 142 0.881  0.042 33 0.877 0.051 0.264
to full bloom
REAE- R
Full bloom to 110 0.794  0.051 56 0.792  0.064 0.871
mature

o i 5h-i 2 HGerminating to flower buding
% REAE- 1A Full bloom to mature
+ WAL Flower budding to full bloom
---- TRl I'Lprought trigger thresholds
o +

1.0

= S o% 4t L+ x
[a] + t + XX x X x
32509 090?@_59_ v__+_+#_f+-g_+iri_f_{r_*_+ X x X X x X X
ljE‘EO.S ++ U + xX X %)«Xx )§S<X>& XX X g X
il X oSt m o 2 Te X Dok X Xel
H-0.7 X X
x X
0.6 L \ \ L L
0 20 40 60 80 100

FEAT 5 Sample number
BS WY REHATRS HIRA R
Fig.5 Reserved disaster samples representation and
identification accuracy test

2.2.3 ARET FAFAER FAA I

Xof EE % 1 X s R A 10 sk S TR R FEAEAE L, ik
FALRAE T R AR AR R A 46 s Rk o AL R
i 1981—2018 - 4R HUHE, 15 241 R 3 F R 5l -
HEZF I WS- REAE - R T R AR U AR
FRAE, A0 6 P MR 9 REA D B A AL R HE X SE
RFFRAERE, Iz KA RTRRFERIEE
BB, oo HERGL I T A A BB I FIIR S 2R . P s R
TE A AL SR M X3 SRR i i 2 W R, )
& 1985, 1986+ 1995, 1999 H1 2001 4F . {4 1981—2018
EFRRRB RO BME, 4 NEALR IR RN 5 -
BN 5, 43 500 1985, 1986+ 1995 il 2001

, 1999 ARG TN TR, SUbRERAER . AW
WA -1 2F B e br FHR VI & 208 80%. [ 5K 1 I I
13 2040 SR X E R0 ZF - I T B A 5 A, il 2
1986 1995, 1997. 2008 1 2012 4. it TFiHt
B, 1986, 1995, 2008 A1 2012 4FH I BT 5, 1997
FHIRGERATLT . WAL R & 2N 80%.
J3 5 R AR A 3 58 T AL SR 3 R A - AU B T Rl
BeoeaE, IRNE SEIS EIAL R M DX BB - AT A
114, 235152 1988—1991. 1994—1996. 2002. 2005—2006
F2016 . @ T RIEEOTE, 11 NMEFR 9 ANFEARH)
WETNTR, 2 MEMGARRG RN R, HIRVIERA
81.82%. e ARSRUL, SLAYGE &K H] PP BIAS SRFE AL 21
A, HRG RS SEFETRERAE—SIIFEEAER 174, HRY)
BN 80.95%. AWK, WEKBLIEERT RHIRTE
B, AT RLH TSR AR 50T K R T 21 3 28 1) 3 2R
FEBHIH

o VIS ILI 4 (i Historical disaster record year
-= = 5Ll & B Drought trigger threshold

1.0} _ e
805
Gz 0.0 A
= 7 [19811986 1V 1996 2001 2006 2011 2016
m--0.5 PN
H 10 11 Year

-15

a. BB 25
a. Germinating to flower budding

ob o e o o
805
% 00
=~ 1981 1986\/\1\791 1996 2001 2006 2011 \21)1\3/
}3:0 . AR Year

1.0

-1.5

b. B2 RETEI
b. Flower budding to full bloom

B (19811986 1991 1996 2001 2006 2011 \gpld
m--0.5 A5 Year
}_

-1.0

-15

c. AL A
c. Full bloom to mature
B 6 ALRSEFRIFILHE WM 1981—2018 FF4840at 4
TAAFAE
Fig.6 Temporal characteristics of DI at different apple stages
from 1981 to 2018 in Liquan station



18 3 WA AL R T Ak AR 105
3 W it 4 £ g

KL SR BV T R85, BREIERK
S RETRRAE R R, 3 — 2025 BE AT K R0 24 R
BOERT BRI .. REE/NE . TRET 2
FH, JEEHRERT 50 d PIK S HET B SRV M ATEY B
Ve RREEN0), 2 fe B AR e T3 R FT T
TRA8 15T H BT AR HAEY, K 4w BATET 60 d
KL TR S T R iR 5 DU a5 S 2
B BOK i T PSE R T R A A b, AR ST R SE R T
BB AR AT

DA R 9 i i FRARF e b, BB B E AR AR N L
SRR N T, EMEERE TIN5 R s il s 40E
FRERIBRG, JCEREAAE L AL T HaAr i sAE ), A&
SCIRAFZHH 1981—2018 437 3 MR B M BT FHR4H0m
D3 SR FEREAT R IR B AR, KA R g s
FEAMS ., 53] 1981—2018 K FAREA LA A5
FEHEE, WS F TR S ANRE A ¢ 5 TR B A JEE
TiiFe SR TEGRAE T /MNEAREHE (7 sE R FEFEAT
BB 5KFFEHE (1981—2018 T SI850F5)
Wi RIE LA, E R — B, e b B
TIERM . Bl 39 5Tl R AR W 30— 2 11>
i 2F - B > G - L, SRR T DY [ i g
A WMD) - F ., BRI AR
AT, T RIRECE R s - R A K
BEIREISE R, FRTREARREDBRAE FF. &6
FASE SR B RAB ISR, 3 SR i s 2R R AT
B CFREIEKT 0.87) , NIEZmSERMK KL AIE 20 K,
SR AR EE RS, TR AR B Sk
T REE T8RS (FREBECCT 084) , MIHIL™
HIEAE; BRI BORSE R R KIG S, 185
40d NI RAETE (FREHRT 0.73) , NsgmE

WIZARM 7> 580 RSN YT 52 2% AR BRSO Wi 3 2R B A
b o

EARERERE, ASCHEHLEH 20% 1 K EREAM T
TRPRERMEE E , RUEHEA BURE AT DU B R AL 7 52
R RERE R, (B DU o SR I AR MR 2E, 1l
P EUAG) 22 S RS B L 72 A R AP AE W 22 . IR OL T
FEAROR, AR RZE R, AR AR DB £ o
B, HBEBIAMIHN, SEEAYH TR
EREE, B 7RENRREEANTRERRRS
k. BT T 80%IH) 5 T AE A T-48 b5 BIE 1 5IE
(ERUEFEA RN TE I SEELU P A2 (i RS e i, JCH
FESERTTAE R J A B Mk, e LLAE 2% [A) FRUBE XS i 7Y 42
O3 R AT AT IR IR . SR UERE AR 1) X 38073 A7
FHES FEARSEAPR AR FE IR . S e K
BRI S D 2 e REE ERE S A AR & B BUT 50
WAHER R . BEE RIS BRI A 7238, I8 /28T in
TRbP M RSO FEAS, 2R3 KO0, HhEL, R
HAEZER, AWeE M T FRENARTNE, 12
PR R

AT 2 B RASR R B B B 7K 43 75 SR AR K
BELAIENL,  LARRTIAZK 2 5 IR0 410 & B B B R
KRR, EKS T TRECT E AR B, MR
T-RIE%. MR HT. K-Means £S5, BB
Jiik, GEEAIHT 1981—2018 F3EF T RI5E 5 ) sk E
FEART I8 H A 5 0 FRHE, WERIET/INEARTT SRk
FHIRFK TG A KB AR R e 8 R T
W, JEEEH TS E L R Sl A RIE
FEERWT:

1) S5 i A B ER K B/ NI S 3 SR SR i 3
WY 2RI WA E-BSAE T BRAE- R, SRR B -1
L B -RE AR W, TR RN
T R RAE 2 5 0.87 Al 0.84 FEAE— RIS 8] %5
K, BRBNETE, BN, MET FW )-8 2 0
FHA 2 - BEAC T RS A AR, (HZI RS SR KOG
W, TRAREEN 0.73,

2) T RERNERT 2 EM T RRE07 5 5
P SRR EFEAT R8T Y B [F 1, AR5 -5 4
WL W EE-RRAE L BT U T SR A I
F KA [X 32k 910.87 0.92). [0.84 0.86)F1[0.73 0.76); T Ed
PHSTREASEARFIRIGAE I A 85.58%; HiL 73k s (AL
SR K [E] 7 A B IR ) & 20 80.95%

(& % x #]

[1] EFL. PEHERLRVIRKEIFLM] L5 TR
#t. 2010.

2] HZRRA, #ERE, FRa, % PEFERHNSIRKER
PROT R HER[I]. R EER, 2019, 36(9): 1229-1243.
Bai Qinfeng, Huo Zhiguo, Wang Jinghong, et al. Progress in
research on meteorological disaster indicators of major fruit
trees in China[J]. Journal of Fruit Science, 2019, 36(9):
1229-1243. (in Chinese with English abstract)

[3] P, Ak, R, PHALAE T K AR AL R TR
HIZES AN HERSR, 2019, 40(8): 489-501.
Sun Yue, Gao Jiging, Yang Xiaoguang. Seasonal variation
about the occurrence frequency of different types of
precipitation and their relative contribution over Northwest
China[J]. Chinese Journal of Agrometeorology, 2019, 40(8):
489-501. (in Chinese with English abstract)

[4] FFH, Brifgde, Biibie, 45 1961—2010 4F 5 b X H s
AFEEARAFIED]. TFAER, 2015, 33(6): 963-969.
Qi Yue, Chen Haiyan, Fang Shibo, et al. Variation
characteristics of extreme climate events in Northwest China
during 1961 —2010[J]. Journal of Arid Meteorology, 2015,
33(6): 963-969. (in Chinese with English abstract)

[5] AREC, JERE, X, & X R AR
S AMERAL I RI[T]. AEAS2EIR, 2014, 34(2): 460-470.
Xu Jianwen, Ju Hui, Liu Qin, et al. Variation of drought and
regional response to climate change in Huang-Huai-Hai
Plain[J]. Acta Ecologica Sinica, 2014, 34(2): 460-470. (in
Chinese with English abstract)

[6] ¥, AffEAE, 5Kos. RFVIEAR TR L. A
SRR EZ, 1998, 7(3): 51-57.



106

Fk TREZAR Chttp://www.tcsae.org)

2020 4F

[10]

[11]

[12]

[14]

Ju Xiaosheng, Zou Xukai, Zhang Qiang. The method of the
climatic drought-flood index and its analysis[J]. Journal of
Natural Disasters, 1998, 7(3): 51-57. (in Chinese with
English abstract)

Yang Jianying, Liu Qin, Mei Xurong, et al. Spatiotemporal
characteristics of reference evapotranspiration and its
sensitivity coefficients to climate factors in Huang-Huai-Hai
Plain, China[J]. Journal of Integrative Agriculture, 2013,
12(12): 2280-2291

Xeit, DHAR, SRR, A PR AbH X FOR TR IR
WITE]. FRXBEF, 2018, 35(3): 722-727.

Liu Xiaojing, Ma Donglai, Zhang Jiquan, et al. Identification
method of maize drought in northwest Liaoning province[J].
Arid Zone Research, 2018, 35(3): 722-727. (in Chinese with
English abstract)

Wu Xia, Wang Peijuan, Huo Zhiguo, et al. Crop drought
identification index for winter wheat based on
evapotranspiration in the Huang-Huai-Hai Plain, China[J].
Agriculture, Ecosystems and Environment, 2018, 263: 18-30.
GERREE, K575, HAE, & BT Copula &K
B T A AR T RIFERT L[] KE, 2019,
34(2): 222-227.

Hou Chenyao, Zhu Xiufang, Xiao Mingzhong, et al.
Research on agricultural meteorological drought in Liaoning
province based on run theory and copula function[J]. Journal
of Catastrophology, 2019, 34(2): 222-227. (in Chinese with
English abstract)

O, B0, MG, . OMENIREE EKEEN RS
IKE ol T B S AR ()], fEW AR, 2019, 45(2):
297-309.

Gao Chao, Li Xuewen, Sun Yanwei, et al. Spatiotemporal
characteristics of water requirement and agricultural drought
during summer maize season in Huaihe River Basin[J]. Acta
Agronomica Sinica, 2019, 45(2): 297-309. (in Chinese with
English abstract)

PSR, MK, SAME, S5 T HEPCRESTREUR BTG
BN TR EHRD]. ES¥RE, 2018, 37(4):
1172-1180.

Li Xinyao, Yang Lian’an, Nie Hongmei. Assessment of
temporal and spatial dynamics of agricultural drought in
Shaanxi Province based on vegetation condition index[J].
Chinese Journal of Ecology, 2018, 37(4): 1172-1180. (in
Chinese with English abstract)

MRob 55, wRfRER, B, BT BRKEERF 2 3 A b [E 7
FAAIE R L IX 1 & FAFIED)]. B AR T 244, 2015, 24(1):
23-31.

Chen Shaoyong, Guo Junrui, Wu Chao. Characteristics of
winter drought in southwest-south China based on
precipitation anomaly percentage[J]. Journal of Natural
Disasters, 2015, 24(1): 23-31. (in Chinese with English
abstract)

RHEFe, EEM, g, & SR TRBEERILEE
KRR A e (0], R R B, 2019, 30(1):
25-34.

Song Yanling, Wang Jianlin, Tian Jinfeng, et al. The spring
maize drought index in Northeast China based on
meteorological drought index[J]. Journal of Applied
Meteorological Science, 2019, 30(1): 25-34. (in Chinese with
English abstract)

[15]

[16]

[18]

[21]

[22]

[23]

ZEHW, EE, A, S RSN AR AR AL HIX
A5 W A R P P A AT [T, M BRAR AT, 2017, 36(5):
837-849.

An Xueli, Wu Jianjun, Zhou Hongkui, et al. Assessing the
relative soil moisture for agricultural drought monitoring in
Northeast China[J]. Geographical Research, 2017, 36(5):
837-849. (in Chinese with English abstract)

e, FEH, Bek, & BRI MK HE
o 1) o I g 7 VR T B A RRAE[T]. AR TR R,
2014, 30(4): 125-135.

Huang Wanhua, Sui Yue, Yang Xiaoguang, et al.
Spatio-temporal characteristics of crop drought in southern
China based on drought index of continuous days without
available precipitation[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the
CSAE), 2014, 30(4): 125-135. (in Chinese with English
abstract)

oEH, kel BUKE, S5 BOEVEYIK Y T SR EEOH
TR X F E KT RN Aol TR,
2019, 35(21): 175-185.

Li Chongrui, You Songcai, Wu Yongfeng, et al. Improved
crop water deficit index for monitoring drought disaster
change process of spring maize in the Northeast China[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2019, 35(21):
175-185. (in Chinese with English abstract)

K, BRE, BKE. T 60 AL & /N R KRN
R[], VEVDAR, 2019, 45(9): 1407-1415.

Zhang Li, Chen Fu, Lei Yongdeng. Spatial and temporal
patterns of drought risk for winter wheat grown in Hebei
province in past 60 years[J]. Acta Agronomica Sinica, 2019,
45(9): 1407-1415. (in Chinese with English abstract)

e N BN [ S pritE. kT 7452 GB/T 32136—
2015[S]. dbai: = EARAE H k. 2015.

S, IR, TKOT5E, 45 REHNTH DR R R 225y
AVRHIED]. RIS 544), 2020, 31(1): 63-73.

Cheng Xue, Sun Shuang, Zhang Fangliang, et al. Spatial and
temporal distributions of apple drought in Northern China[J].
Journal of Applied Meteorological Science, 2020, 31(1):
63-73. (in Chinese with English abstract)

Yang Qiliang, Zhang Fucang, Li Fusheng. Effect of different
drip
physiology and water use of young apple tree[J]. Scientia
Horticulture, 2011, 129(1): 119-126.

R, ARy, FREF, F TREAX 3 FRERAA
MROGE . MM E R RN T8
X AR 5T, 2019, 37(1): 178-186.

Guo Aixia, Shi Xiaoyun, Wang Yanxiu, et al. Effect of
drought stress on the photosynthesis, chloroplast
ultrastructure and antioxidant system in leaves of three apple
rootstocks[J]. Agricultural Research in the Arid Areas, 2019,
37(1): 178-186. (in Chinese with English abstract)

Tk, TR, PRiA, % 2016 AR REIRKME
ZrHT[I]. L VERRE, 2017(4): 18-19.

Wang Bing, Ding Xigiang, Lin Qufeng, et al. Analysis of

irrigation methods and fertilization on growth,

apple and meteorological conditions of Yantai in 2016[J].
Shanxi Fruits, 2017(4): 18-19. (in Chinese with English
abstract)



%18 1

Wi Ee s A7 R Rl AR ik

107

(24]

[25]

[26]

(27]

[30]

(31]

[32]

[33]

Yang Q L, Zhang F C, Li F S. Effect of different drip
irrigation methods and fertilization on growth, physiology
and water use of young apple tree[J]. Scientia Horticulture,
2011, 129(1): 119-126.

JURAMT, FAE, S E. FEXFERERKFESIRRER
REXFERE]. ARV R FHF, 2019, 9(3): 84-85.

You Caihong, Jing Juan, Ma Yuanwei. Main meteorological
disasters and counter measures of apple growing in Baota
District[J]. Journal of Agricultural Catastrophe, 2019, 9(3):
84-85. (in Chinese with English abstract)

FEIoHE. TR R R RE I KRR ACETK) 5K &R [D].
Wi PHALRMBIECR S, 2017,

Wang Yuanji. Effect of Drought on Apple Quality and Its
Relationship with Sugar Metabolism[D]. Yangling: Northwest
A&F University, 2017. (in Chinese with English abstract)
LRERR, fREkK, AR, 5. BRIGIE bR R A X
WA IR RHAE T[], T RHIX R 5L, 2009, 27(2):
54-59.

Ma Yanqing, Xu Zhida, Liu Changmin, et al. Analysis of
characteristics of farmland moisture content in apple
producing area of Weibei dry plateau in Shaanxi[J].
Agricultural Research in the Arid Areas, 2009, 27(2):
54-59. (in Chinese with English abstract)

ERL, MZER, R S PIUSER T IR E T A
TEIR IO R T R A [1]. AR FHE, 2014,
42(3): 516-523.

Wang Jinghong, Bai Qinfeng, Liang Yi, et al. Apple drought
index and apple drought risk distribution in Shaanxi at county
level[J]. Meteorological Science and Technology, 2014,
42(3): 516-523. (in Chinese with English abstract)

Wang Yuanji, Liu Li, Wang Ying, et al. Effects of soil water
stress on fruit yield, quality and their relationship with sugar
metabolism in 'Gala' apple[J]. Scientia Horticulturae, 2019,
258: 108753.

Wi, EiRE, R, % VR ORI S SO
FEbrta S RS AT (3], ARl TR, 2015, 31(16):
135-144.

Yang Jianying, Huo Zhiguo, Wu Li, et al. Evaluation level
construction and analysis of risk on rice flood in Southwest
China[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2015, 31(16):
135-144. (in Chinese with English abstract)

ERA, EIRE, Wz, & WIRRREIe RS 4
Prfa i 5IEASRHELT]. B AR, 2019, 30(1): 35-48.
Wang Tianying, Huo Zhiguo, Yang Jianying, et al. Process
grade indicator construction and evolution characteristics of

late rice flood in Hunan[J]. Journal of Applied
Meteorological Science, 2019, 30(1): 35-48. (in Chinese with
English abstract)

MR, ERE, g%, % LNREVLE RS R KE
B e A R AR VR [7]. BRI A R %, 2017, 28(2):

237-246.

Yang Hongyi, Huo Zhiguo, Yang Jianying, et al. Indicators
and risk of spring corn waterlogging disaster in Jianghan and
west region of Jiangnan[J]. Journal of Applied
Meteorological Science, 2017, 28(2): 237-246. (in Chinese
with English abstract)

W, BIRE, EXE, & LR REmRAESERE)
BRI ABRHET]. AR 4R, 2020, 31(1):

[35]

[39]

[40]

[41]

[42]

[44]

[45]

199-207.

Yang Jianying, Huo Zhiguo, Wang Peijuan, et al. Dynamic
identification of double-early rice heat and its spatiotemporal
characteristics in Jiangxi Province, China[J]. Chinese Journal
of Applied Ecology, 2020, 31(1): 199-207. (in Chinese with
English abstract)

EHE, BIRE, wdsE, & ETHREREMARILEER
KA FIRIFI]. RAHAGEMR, 2019, 30(1): 13-24.
Wang Peijuan, Huo Zhiguo, Yang Jianying, et al. Indicators
of chilling damage for spring maize based on heat index in
Northeast China[J]. Journal of Applied Meteorological
Science, 2019, 30(1): 13-24. (in Chinese with English
abstract)

S, TEE, ERE, % 19612015 4E b EHE AR
AR ARHIE S ORI []. BRIRENS, 2017, 39(5): 964-977.
Wu Xia, Wang Peijuan, Huo Zhiguo, et al. Spatio-temporal
distribution characteristics of potential evapotranspiration and
impact factors in China from 1961 to 2015[J]. Resources
Science, 2017, 39(5): 964-977. (in Chinese with English
abstract)

B, M. ERETRM]. deat: SGURRAL, 1988,
s, P EARN SR FIREISEM]. B IR RR
HiRAE, 2015.

ek, MBI REMEYD B> AG[)]. B
. 1983, 50(1): 33-40.

Gong Gaofa, Jian Weimin. Geographical distribution of plant
phenology in China[J]. Acta Geographica Sinica, 1983, 50(1):
33-40. (in Chinese with English abstract)

IRENl, B2z, PEASRRE R (BRI M]. bt
G RRAE, 2005.

HEASR. PEARREEEM]. bR SR dA,
2006-2015.

Allen R G, Pereira L S, Rase D, et al. Crop
Evaportranspiration Guide Lines for Computing Crop Water
Requirements[M]. RomeP: FAO Irrigation and Drainage
Paper, 1998.

SEIER, RS, dkdte, & SERWZRARIBERNE
FTE]. TRFHARN K ZE 4R, 2004, 35(5): 429-431.
Gong Daozhi, Kang Shaozhong, Zhang Jianhua, et al.
Measuring and estimating evapotranspiration of an apple
(Malus pumila Mill. ) orchard[J]. Journal of Shenyang
Agricultural University, 2004, 35(5): 429-431. (in Chinese
with English abstract)

ERE, HEE, H9k6, & Sl X EZEWARL
B W FKEAMEY R BAR AT ). P ERE AR,
2009, 30(1): 70-73.

Zuo Yubao, Tian Changyu, Tang Jiwei, et al. Studies on ETc
and Kc of main crops in Northern Shandong province[J].
Chinese Journal of Agrometeorology, 2009, 30(1): 70-73. (in
Chinese with English abstract)

20, EVRE, MR, & TR S A R e A
KL P4 SR T R0 SRR, AEE2EAE, 2019, 38(7):
2249-2257.

Li Na, Huo Zhiguo, Qian Jinxia, et al. Spatiotemporal
distribution of drought in Shanxi Province based on modified
relative moisture index[J]. Chinese Journal of Ecology, 2019,
38(7): 2249-2257. (in Chinese with English abstract)

Yang Jianying, Huo Zhiguo, Li Xiangxiang, et al. Hot



108

Fk TREZAR Chttp://www.tcsae.org)

2020 4F

[46]

weather event-based characteristics of double-early rice heat
risk: A study of Jiangxi province, South China[J]. Ecological
Indicators, 2020, 113: 106148.

KK, 455, SEPH. SPSS 15. 0 Zrit 7t AT 1 ZIHE I [M].
AE5T: R HRAE, 2008,

[49]

agrometeorological yield prediction[J]. Meteorological and
Environmental Sciences, 2019, 42(1): 41-46. (in Chinese
with English abstract)

THEL, HEF, KA. BT BRI ERRIIR MR
XKL BFERE TN R TR, 2015,

[471 £k, A3, e, 5. BT EESNNRERF SR 31(6): 238-245.
FREAEX R TorAlRl:, 2019, 47(7): 134-138. Wang Chunyi, Cai Jingjing, Zhang Jiquan. Risk assessment
Wang Bing, Bo Yue, Jiang Ruyin, et al. Application of of drought and chilling injury of maize in Northeast China[J].
optimized K-means clustering algorithm in China offshore Transactions of the Chinese Society of Agricultural
climate regionalization[J]. Jiangsu Agricultural Sciences, Engineering (Transactions of the CSAE), 2015, 31(6):
2019, 47(7): 134-138. (in Chinese with English abstract) 238-245. (in Chinese with English abstract)

(48] BREMH, XAide, Xlfd, & PIROASE &I A5 [50] PREERS, PRI, HFFTFx e e RA R AL g

SN i O RE AR AL T B B TR A AR EwE FED].

FARTEHIRZ M [T]. SRA224), 1993, 10(2): 65-68.

Fu Jianmin, Shu Huairui. The effect of spring drought on the
senescence and shedding of different parts of the golden
crown apple[J]. Journal of Fruit Science, 1993, 10(2): 65-68.
(in Chinese with English abstract)

SEE5AEIRE, 2019, 42(1): 41-46.

Qiu Meijuan, Liu Buchun, Liu Yuan, et al. Comparative
study of different methods for determining
meteorological impact yield in

two

index of historical

Method for trigger identification of apple drought in northern China

1,2

Yang Jianying!, Huo Zhiguo'?*, Xu Jianwen®, Wang Peijuan’, Wu Dingrong', Mao Hongdan®, Kong Rui'

(1. Institute of Ecological and Agricultural Meteorology, Chinese Academy of Meteorological Sciences, Beijing 100081, China;
2. Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters, Nanjing University of Information
Science and Technology, Nanjing 210044, China; 3. Dalian Meteorological Service Center, Dalian 116001, China)

Abstract: Historical disaster documents can greatly contribute to machine learning from disaster experiences, particularly in
understanding the interaction mechanism of regional disaster systems. Historical, agricultural, and meteorological disaster
characteristics can be explored by the representation and reanalysis of disaster processes and events, integrating meteorological
data and agricultural information. However, compared with field crops, the historical disaster records of cash crops, such as
forests and fruits, are relatively scarce, which can make the disaster representation and reanalysis with low accuracy. Therefore,
it is of great merit to develop a method for identifying forest and fruit disasters, based on the limited historical disaster data, as
well as long series meteorological and fruit growth data, for the cash crop meteorological disasters researches which are lack of
historical disaster records. In this study, taking the drought disaster of Fuji Apple in Shaanxi Province as an example, the
meteorological data, historical drought disaster, and phenological data were integrated to identify the trigger threshold of apple
drought. According to the phenological data of apple collected in this study, tree growth stages, that is, tree germinating to
flower budding, flower budding to full bloom, and full bloom to mature, were analyzed as target growth stages for apple.
Referring to the drought index construction method for crops, such as wheat and corn, pre- and current water demand and
precipitation supply were fully considered in the construction of the apple Drought Index (DI). The probability analysis,
K-means clustering, and Euclidean distance were used to comprehensively analyze the distribution and classification
characteristics of DI between 35 stations from 1981 to 2018 and historical disaster samples. According to the Euclidean
distance between the DI in historical disaster sample and the center point of the cluster sample, the drought trigger threshold of
Fuji Apple in tree germinating to flower budding, flower budding to full bloom and full bloom to mature were identified by the
corresponding minimum Euclidean distance. Afterwards, the trigger threshold was verified by comparing the sequence of
disaster-causing factors and reserving samples. The results showed that: 1) The trigger thresholds of apple drought in tree
germinating to flower budding, flower budding to full bloom and full bloom to mature were 0.87, 0.84, and 0.73, respectively.
2) The DI sequences that extracted based on the threshold value in tree germinating to flower budding, flower budding to full
bloom and full bloom to mature stages were detected the same characters with that in historical disaster samples. The apple
drought data that identified by the calculated of DI and trigger threshold were generally consistent with that disaster records in
historical documents, with 85.58% of trigger threshold-based results completely consistent with historical records. The
identification coincidence rate was 80.95% in the long-time series validation for typical sites. Generally, the trigger threshold
of apple drought can provide a sound technical support for apple drought monitoring, early warning, and assessment in
Northern China. The agrometeorological disaster trigger identification method based on small samples of historical disaster
data can also offer a paradigm in the current research on the meteorological disasters of cash crops with insufficient historical
disaster data.

Keywords: drought; meteorology; apple; threshold determination; validity test
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