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R, AR FVEAL, SRt T IRIFMEAR SRR, ©
A FR L B 9 R A B AR Ak 7 5 A R A 4 S R BRI,
PEBEBBAMUERD . RIEAE. SEAE. THRNE
A G R FE W OB T N U, AR
MV B W B — e 0 7, RARB R IR
RAE T EEERP, (HEF X /N2 R 52 B R
TS SO R /N 22 AR SE B AR A, T A
PIFCIE T, B RS AR WARE . H AT xS, oK
LT, MRS AR RN RS, =
BTN AR A R GOR AR IR, KRR 5
(G RE AR AR AL T — 52 AN, i a) /N 22 A
FERZE B0 5 R 6 2 6 1% mi AL i) RN AR AE AT R = AF 5 o
FINE BRSPSt it /)N 2295 H T 3 SR U B 7 o [ B T
I %of /N 22 95 HRUEE SR REARAE B R MR R L B2 2 R
B RS AE FL R 1) . B AR AR 2500 DL il BUR AR
AR /NG OB 8 B S D R 2 i, K reliefF-
mRMR F#1F B 4E Il GA-SVM L8823 =) 80k, MG
K IR IR — BRI 7RG . S0 SR AR
KBRS SR R MR EMKR R FEBIEN A, Rk
EMIAE SRR TS B0 M o 1 SE R\ 28 I I
LI ZVE A X — SRR AE A HUF W At O AR
FIZL N, WS T BRI, gr bt L, Bl
(19 NS5 B RO B — AN A BT /N 22 3 [T I 9 T )
TR A 2 738 0 A TR T e A M e e S

YT, AL 2023 4 5 A JEE S T S EE SO E R
ARSI FE NG, R AR L. NEERE
B ARLIERE, DRI RIRNEIRIKE T
VER/INZZ AR B e DR 7, DA AR 2 3 5 T e J R
IR KGN HIETE(S R RAE A K AR 5 AR 7,
REF/NERIGEHARE TR, fia2 RE. RIEEER,
WS R GEBDFEINMAE, FFREREWEI, 2l
NS R B A R RN o) 2 I e PR A A Y, R FE AT
M e AR, FEPRIERE b, DL Sl e 3 % B W
B 22 Bl R 2 R A AU (A Ak 0 R A, SN R
Y 9 T TR R 25 1, /N2 0% B RN 55 e AR o
PR R AL AR S A .

1 #RFEE

1.1 SRR

BFF 0 Xy 3 VA g DX 52 3K o ) T R ) /N 22
PRI, EALRG EE A R A AL AR 2R
LA HIX . 2023455 H20 HE 6 H 6 H, Zih
XA 3 5Kkt fE, H s H 24—31 HXE R (K.
YO, SO IE A AR /N R TR A 2 T

HARHPIRTERRE TEFIREE TR
KEWE =G “RE” (http://idata.cma/cmadaas/) , i
5 H 2431 HRZEHERE. HIEE £, PSS
L SFERE. TEERTEEaERHF ERR TR
TAREWNRFLNE (5 H 24—31 H) % 15min (1
i 3R K BH %5 5F 7= i Csurface solar irradiance, SSID, &

[ 7> #E% 4 km, RIFETEHRXTEIKZH O vREH
JEE DR SRR ERI AT (5 H 19—24 H)
250 m 73 FRER I HEERE UL (moderate resolution
imaging spectroradiometer, MODIS) % ¥ Fl13Z [ 7 25 R
WH (6 H1H)Y I 2018—2022 4= [R] H 8046 H 1A 5 %
43528 375 m Al 750 m ) Suomi NPP L A2 (1 7] WOt
AN SRS (visible infrared imaging radiometer suite,
VIIRS) #¥fs, KIFTMrEHEIL ).

RAGTORERIE T B A A5 )R 2023 48 5 7 31 HA
LU RIGHAE. HAEITEN: KAV R,
WK HIRA A ARSI AP 2 MEA, R
FEARHL 1 AT/NEEESE 10 25, 3 HNCRAER AR 224
HE 2 JORFY AR RIS BN, kLS 2
AR AR R, AREONR ZFRLHCR Y. IR
133 MR RIEFEAR TR
1.2 ZERALIE
121 AEFAHAE

N T FRAEE B R S A, HE H R A
H R Hooy kA7 Rk, S RBER RSN EMEEH
HRIN 5, 438 B PR A 35 XU AT 1 3, 15
FI3%E B B A2 08 B A R K . 5 A g NER
AR C, REREPIWRE, HRITERN

C = Poa/S o (D

K P WEAREHE RN E, mm: S, NENHL
BEIFHEN S, he CHBUR, EF]RNBUR G R EBR,
SRR X BT A AR EEER R DU v BT
FEIEE] 1 kmx1 km i 5. @30 )E, B8R 1FR
RN TR E T — BB 7o A A

R NEBRFEESKET

Table 1 Meteorological factors for germination and moldiness of

wheat ears
REET Eitipay
Meteorological factors Description
P B Y IR R R R R
Sl R R HH IR R
Uvg TR AR T R EE T 2 (.
Fo T R I R IZ ST 2 R AT 2
c PR TR AR H,  RALE P TSR

122 #EEFAAE

Xof 2 BH I I FE 1B 15 min 1) SSI 7= 5 b AT R, 13
FERA ISR SSI, R [J1 WY ok 7% H 22 58 52 21 (1) K FH
MEEEE. BT/ NEE NSRS AR DA <P,
M /N2 IR B A B, oA — R FE 30 (normalize
difference vegetation index, NDVID) %5 %, 513t iE
[ ™ AT ) MODIS 24 7 ) v 5008 — fe i gl Fa 2k, FFadt
TR KAEA B FHLRIE/NEZ B AR (NDVID .
N T R E T I B S NG AR IR S EARAE, X
EIWSERIH 6 H 1 HI VIIRS H5 347/ 4 48 20t
B, 13 % NDVI2. NDVI3. H— {k 7 {4 41 4 5 3
(normalize difference infrared index, NDID . E{H$8 %L
(ratio index, RI) . K< FH$THE #% 5 2 Catmospheri-
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cally resistant vegetation index, ARVI) . &%) K 4
# T8 24 Cstructure insensitive pigment index, SIPD) . f£
HERHTE% 2 (anthocyanin reflectance index 2, ARI2).
I H 51 N HE B B W% 2K 48 20 (vegetation cloudy-rainy
index, VCRD, 5 5A

Vyvert = Moy X Isst X Wypn (2)

®2 MEER

N Mypy AE R HTE) NDVIL; Iss 93 A M S AR A
W B2 2 10 K BH BB A B, W/m®s Wi % B I S 19
NDII. VCRI ] LA 7 8L 40T 34 B W9 A 0 2 52, L
/Ny O TR M N OR, B W DN o 25 o HE B R
HRERT. T RS UE AR AL, BRI 2 hE
TR T RALNE HI AL L SRR B AR AR -

SRS

FETIEREF

Table2 Remote sensing factors for germination and moldiness of wheat ears

& KR T Eiiip A B HARIR
Remote sensing factors Description Time period Data resource
NDVI1 A—AAEBE R, T s Wi B I AN 22 1 R B W T 250 m, MODIS
SSI MR KBNS RS, RWGER R A R, NN R B AR 4km, FY-4A
NDII VA—ARAE B LT AME R, R B G /N3 7 2 BI/K A IR A R 25 7
NDVI2 bR FR S, WO B W 5 /N R RS .
ED AT, RBENI R N TR 55 4 02 R PR 375 m, VIIRS
11,12,13 WA N 640, 865, 1610 nm KIHGIE AT, HPOLIERIES &
NDVI3 AR R, 750 m R BRI/ ERPOIRS
RI IWE TR, R ER A
ARVI KABAPRE TR, S A DR A A g BRI
SIPI SEMARRUR O RIRE, H TR A SRS P RSO R SR AN G 750 m, VIIRS
ARI2 WH R R 2, HT ISR A e & & BRI
12", 3" WA A 640+ 865+ 1610 nm (Gl [ 3, B EIEIHIES &

M1~MS5, M8, M10, M11

412~672 nm, 1240~2250 nm J¢il KEFR, PO IESE

VCRI F R IE B R IR EG T RN R ZE R b aE Rl R g

HEMFET. . 5 NDVIIL, NDII A1 SSI

123 REFTHLE

Vg b T TR B HOE S AR AR BRI
EE AR EXFRLR S B, HTHEREN RI/NE
R ZE . B KL, RADH Pl — ok B
B, B ANIX 5y, Gi— g /N R SR AR
4 (ear germination and moldiness index, EGMI), it %
TEN

Eromi=  (Rasiem * Rgear+Rvistem * Ryiear ) X 50 (3)
N Regiem WA HIZEZHL : Reenr AT EAFRLA ZF EL
Ruigem NFEE AR I ZEHL s Ryer WEEEAFRIZZAZEE; 50
R HARREIE. Epgy FHUETEE 0~100,

XA FEA ) EGMI 42 G 75 (8] 73 A, R Jm 8 B B
AT 5% (local outlier factor, LOF) #BEATH M, HIF%
OERENREA, RASH 117 MR TR
K LR L, FEASTE AN [R5 AR R BE b 73 A AN Y4
NG R ERE SRS Z, FEEFEEEAREA L.
W AE CLSEHL I T, W RER AR B Ay MR RN
JE2 AR B IAT BRI, e DL I 52 Bt
B, DAL T REARAE AN A R G AR B i 3 ik, BOE
EGMI ({15 48h5A: EGMI<4.0 NAKAE, 4.0<EGMI<
30.0 N, EGMI>30.0 NEJE.

N1 EGMI BEAT FRONASEAL, b R AR AR 2 2 A8 1Y)
64 MEA (EGMI>4.0) BEATIEASTERL, R B2,
AT, FraESaAn, DUE A EDE BNEEA,
117 A A - E R S B AR VR AR 7 2%

1.3 fARAEE
13.1 B-Fimiksk

BT R RN AR Z W R, DA

9 I E MR E Bl I O R R A it e DG B R e T

WEFERHA T LA AR F 2 A (0 R e 35607 7

Spearman FAH I R HO T s A AN TR 25 40 A7 205
BARGF @ s, @ TEtar, A#FR A7
VAT T 9 AR R A oy e K TR 1 AR B, DU STOE TS
KA, K H Pearson FH K R HON K ZF ALK AL &
FEREAHSC A M, O FH T [ S0 () Rl 7 As &, DAAE ST
EGMI 7€ & Fi 57 .

ReliefF J5yEPY & —Ffid i sURFAE IR 5 0570, BT
T RN R A RTS8, WEFi R A ReliefF J5 2%
o5 AT A8 IR AIE KA 58 R AR B AL S HEFE, B DL
e 7 T kA RON R 32, FH5 Spearman 77Vl
XL, CMER S R AR TR
132 ARLFFRFRATNF &

N TR K F SR FHELERMNELR,
T T 53 ol 328 436 5 T S M A U8 R 25 T G0 T AR 23 ) B A A
Jiik, CARHLAS S ST AT % . BARTEI T

AR A 5288 (logistic regression classifier, LGC)
AT o RN 7 2888, S — B R ECR
fhiihE TR R Rt E . BA%EG. &5 5L
(P A ARTHD HE St 5 REURHIEILZR VRIS, PERE T R

28 M B ¥ 4> H7 (linear discriminant analysis, LDA)
A A ) 4 Bt (quadratic discriminant analysis, QDA)
RHET U SR B W 2 L SRR, i B 2k
MR R FEF . LDA R B M i o A, HANE
S H s B AR R 1) 9 7 ZH R QDA e AR -
R EE B AN [F B 7 ZE R R, B T B o A
RECRMEN, JFHEAREMHRELT . LDA 2
QDA [ —MRrIiE T, H2h HRFIE IR 1B R VPAN A7
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Z AR VUM (multinomial naive bayes, MNB) ,
Fe =T DU 7 5 BERVRAAE S5 AR AR AT 7028, e
B 78 M I FEAFFAE Y A 2 5 AR AE TE G, 18
AR T ANRE R AR A, BRET
AR, PR, S HEH T SR
HEHRE 1) 7y S5

[ HL AR AL 4> 2528 (random forest classifier, RFC) #2&
R R AR R ) A R AR S gy 2R . LT
PR /> (mean decrease impurity, MDI)  #5 bRiF
i DA 7
1.3.3 AL F FRAGHIN 7 %

N1 — P EFR T 5K FRERENEENLR,
SEIXT EMGI (151 T30, A 5 45 S0l SR P 1 o 2 P A Y
ARV, AN ) U7k, AT R T
TENRUT

% JCZE 1 14 (multivariate linear regression, MLR)
e — MA@, @i 2 i EE R
HOR AR & B AR B0 AR SR DR, H S FH A 7 2
& BB K A

VR H Cridge) 78 Ze M B UE R R A B, 51 N IE JU 23
X O/ I 1k By ki G, T a S804
P 1o 2 B AL 1 Bl .

BRI (lasso) & —/MbiTH b BB LM,
i 1) J- 25 AR RECBUD B R LIV R %, AEHR
BRI N L1 IR AR By BB f 5 . Ab B AR
) RIS, BERE R b — N B AR MR R RAAE, TR
fb AR SRAFAE 1) R EUE AR 0.

BEALAR AR )T (random forest regression, RFR) ] 5
HE RFC —#F, AT REIAR, BT T 25N T
T g B, HERTE S, B EOE AT ARG . I X
RAE BEATLAIAE, 92 X I 2 B 1 40 A ok 40 XU
AR SRR R

XGBoost [F] 5 (extreme gradient boosting regression,
XGBR) & — Mt T4 £ T HE B8 1) o SRS 4 BRI
H CART (classification and regression trees) 55 >] 284
B EARHB IR — ZR A1 I e SRR SR OB A5 sk T 44 e
XGBoost fie % 4b B 25 K 4 A AR5 f Ak Bl . I v B 3hik
PERMIE, RAWESER. SR, v IHT IR
fRARE e OB I R AR R T 9F 4> (F score) , #EAT R 1
HEEITAL
1.3.4 HAHE

AT 5T R FH B A5 G TN B Y VA 48 bR O AE B R

(accuracy, AC) . Kappa REFIZHIFERHZE (precision)
HEE (recall) « F1 vF4r. i 3]al 0 04 A DAk 45 b
4 R*. RMSE il MAE, JR@id iHHARKRE R, Arifkli
7 (standard deviation, SDEV) Fl .01k 35 77 AR 1% 22
(centered root mean square difference, CRMSD) #2#il|Z8

P T A A 3347 06F B

AHIF TR 3SR DL RS 72 W SR [36] -

2 BRESH

2.1 XBEETFIHE

I 12 WA EE, A NSRRI
Mg 7 T /NS R R R A R R RN I R . R 4
FEAS, 43 A% N F 5 EGMI ) Spearman F1 Pearson
AHOG RH R A R, T S 07 HEAH OC R BA B K T 56
F0.30 H P<<0.05 IH 7 (&l 1av 1b), $RJ5 X0k
IR 7 S B AR R A 19 2R RBUERE (A e,
1d) o BeE #7151 18] AH 50 R e 0 {5 oK T 0.70, A
PEH R EAE R IUAR, WHGT S EGMI AKX R BRI
IR Fo 30 H D FH T 9 A8 IR R 2 SR IR, 3% AE %
AL A B 2K, KK NDILL SSIL VCRIL C.
Ungs Soa~ Fugs 1381 R, B 3X 20 N+ % 78 5 SCF
(Spearman correlation factors) . 1X %8 [R5 /N2 filUR 7
BAEEVIN KRR, HAo NDIIAH K R 48508 & = s
90.62. Ji4h, WEIRHER) VORI C P50 Bk 2F
BB EA RN~ E X, HEXRET RN 0.56.
0.48. J:T ORAERBFEA, KH Pearson J7 %%k H i
K7, A5G M B K B/ IR 9 NDII, NDVI2, SSI Al
F o GHTHEZFRRNPCF (Pearson correlation factors),
F1-F EGMI ([l 5 3500 «

K ReliefF FRAEIEFE TV, 20 4R R AZ UM ) — 53
KRN RAL Gy W) =53 Fi AT I PR B, R [
FarHEy (B 2) . 567 B+ 1B E o1k f 77
Rk, el KT 0.01 I F, K& IR ERNIE
K. % ReliefF =7 iPAl 1 BRI DT A E K/, A
IERFAKKA Upgs Sioas C~ SIPIL Pn M11. 131 NDII,
¥ ZH K 7R A RFF (ReliefF feature factors) o A< Hf
FARNER MR (O #ikd, BB X R AR
SR BATERE XL VCRI & A # ReliefF &%, W HERE
IREEARZGI, HABRRIF I RIE KB ERE.

X EE P M IE B T8 1 @A) SCF A1 RFF Y2 -7,
I = Rt 2 K DR R SR R B ST RRHEF AN A SCF
Z1v NDII. SSI. VCRI /7 J& #i, 1 W 28 J& P 5 %
EGMI A 8RR F ek, HIESFHE R, RIEK
FREY; 1 RFF 209 Uyys Sews CHEIFERT, BLAS
R TR E S RAE Ao, BEURFIEIE, Xk H
TR F4h, NDI S =it , ks HXT
KERIAAHEEEH, H5 EGMI 28 M 7 AH 2,
VARAZERA I I R T AN AR AR, FET, e B KA,
gt AR R AR . FE 5GBSR H AR R I A8 RS 4y
INERMRANFGE R B, FREE. K3
2.2 EEMBESMHEES

BT MR N AN R S BRI B A A — A Rk A
SR BR 1, DA R S B Hox o 3 M RS S ke
I 2L, BEFCREL T BB, adidt AR &R 00 e .
Jeid i AR U B Ay AT S I UE B A Rl R B, IR
WIRAR = RS, RSN, &adTesEN
SARFRECTI S, AR AR A@ v 5, N R SR AT
IS BR B FH $ AR R S S 4
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IR HL
Correlation coefficient

[X-¥Factors
a. 7 51k 5 5 A2 F 40 Spearman ] 6 1
a. Spearman correlation between ear germination and
moldiness index(EGMI) and each factor

HHIC R HL
Correlation coefficient

F-Factors
b. RF 528, RFHELIRENPearsontl STk

b. Pearson correlation between EGMI and each factor

[Xl-FFactors

[Xl-¥Factors
c. Spearman ] 14 [H 1) FLAH AR

c. Cross-correlation matrix of factors initially
screened by the Spearman method

[X-FFactors

“FFactors

d. Pearson /]34 K1) TLAR A [
d. Cross-correlation matrix of factors initially
screened by the Pearson method

e ox, e, e RO 0.05, 0.01, 0.001 B3R,
Note: *, **  *¥* jpdicate significance levels of 0.05, 0.01, and 0.001
respectively.

B 1 ABkatrEB T ik

Fig.1 Factors screening using correlation analysis

2024 4
Sora) [M—— U, [——
U, [m—— Sorl ——————
e NDII jp——{ C ——f—
= C pm—i SIPI |
g MI1 f=—r @ P [——
g S £ Ml j—
B P T3 ey
E AR e NDII jm=—i|
§ MI10 [ MI [
MS M10 f—
13 M8 f—
NDVIZ - 1 1 J M2 - 1 1 J
0 0.03 006  0.09 0 0.02  0.04  0.06

HLE Weights

b. KA 2
b. Disaster grading

B Weights

a. RAFPL]
a. Disaster recognition

VE: ED, 11,12, NDVI3, RI, ARVI, ARI2, I1*, 12*, 13* M3, M4, M5 Al VCRI
XA FIRE<O, MM, Hngk.

Note: The weights of ED, 11, 12, NDVI3, RI, ARVI, ARI2, I1*, 12*, I3*, M3,
M4, M5 and VCRI are all less than or equal to 0, and are considered noise, so
they are all omitted.

B 2 ReliefF & HEF ik
Fig.2 Factors screening using ReliefF

TERAZ A 43 2% L, %+ SCF Al RFF #4143 5
K LGC (W& H =4 2) . LDA. QDA. MNB fl
RFC IX i 7 RA A a2 or A, B R /R 4 SCF-LGC.
IR H% 57 2 R 1R 7 V20 B A AR AR 2/3 A A AL I 25
FEA, FAk 1/3 VERNIRAEFEA

7£ EGMI il /238 E, PCF 11K 14 BK ] MLR.
Ridge. Lasso. RFR I XGBR X Fo.Ff [B] U3 F 75 25 4
TRIAEAY, R F RN PCE-MLR. REHE T 64 MR 4
KAREAR, KA BRI IE . R A 5%
B S HOEEE AT TR T .

221 REFEZRAANFs R

3 BIR TS EBIAE G o AT 55 1 RE
SCF-LDA #RAFE 5 AR5 77 Thi e I 17 AH G I 2 e
PURIRE BE IR 2 T Fem/KF, H AC 24 0.811, Kappa &5
9 0.600, AL R B AL 43 0 = 0.054 K1 0.115,  HoAth iy
BUEReTR PR B, X 2o A AL LE 1R 9¢ AR I 1) 75 ]
FEME. X3 WYREER, RARERMZLMES R (W LDA)
RIAT S BT 5 AR IR, T AE N B % (0 43 K48 1 RE FR AR
RN, A E LR X PRIV KT 5K
GAR A B R 2t T, v DU A RS 18 K 1 P
AT 2 RR .

BE— X R A BAT Y CRERERE), JFE=%
FiRH (LGC BR4AM), HBIRIPERE LK 4. MFREEA
B, 50 RMEIEAIE N, B2 IIREA B A D,
ISR RE N . AR, SCF-RFC EA & 1K
BRReS1, BRI AC Fil Kappa 4399108 0.541. 0.313,
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Table 3 Performance of different models in disaster recognition
AR KA KA Absence of disaster KA RAE Presence of disaster
R Accuracy K FE— I =y Y T 2 110l 22 SN
Models AR (AC) appa fith el F1 o0 Mt Al F1 1195
Precision Recall F1 Precision Recall F1

SCF-LGC 0.703 0.361 0.778 0.438 0.560 0.679 0.905 0.776
RFF-LGC 0.757 0.485 0.818 0.563 0.667 0.731 0.905 0.809
SCF-LDA 0.811 0.600 0.909 0.625 0.741 0.769 0.952 0.851
RFF-LDA 0.757 0.485 0.818 0.563 0.667 0.731 0.905 0.809
SCF-QDA 0.757 0.477 0.889 0.500 0.640 0.714 0.952 0.816
RFF-QDA 0.757 0.477 0.889 0.500 0.640 0.714 0.952 0.816
SCF-MNB 0.649 0.245 0.667 0.375 0.480 0.643 0.857 0.735
RFF-MNB 0.730 0.415 0.875 0.438 0.583 0.690 0.952 0.800
SCF-RFC 0.757 0.485 0.818 0.563 0.667 0.731 0.905 0.809
RFF-RFC 0.703 0.371 0.727 0.500 0.593 0.692 0.857 0.766

VE: SCF &y Spearman AHIG /M T2 0115 BIMIE T 41, RFF 24 ReliefF $FAFIERRIEAIHIEST B H 741, LGC JNEZH[RH5258%, LDA F1 QDA 43l NZ MRl — ik

PG RRE AT 73245, MNB AZ AN DU 732688, RFC NBENLARAR 7

PR

TH.

Note: SCF refers to the factor group obtained by Spearman correlation analysis screening method, RFF refers to the factor group obtained by ReliefF feature selection
screening method, LGC stands for logistic regression classifier, LDA and QDA are linear and quadratic discriminant function analysis classifiers respectively, MNB represents
multinomial naive Bayes classifier, and RFC stands for random forest classifier. The same applies below.
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Table 4 Performance of different models in disaster grading

o KK A Absence of disaster % A Mild disaster % A Severe disaster
Models ~ TEHFAC  Kappa ik AEEOFLWA MR AEE PG KR HER FLIFS
Precision Recall F1 Precision Recall F1 Precision Recall F1
SCF-LDA 0.514 0.251 0.611 0.688 0.647 0.429 0.250 0.316 0.417 0.556 0.476
RFF-LDA 0.514 0.241 0.588 0.625 0.606 0.385 0.417 0.400 0.571 0.444 0.500
SCF-QDA 0.541 0.272 0.579 0.688 0.629 0.385 0.417 0.400 0.800 0.444 0.571
RFF-QDA 0.432 0.099 0.556 0.625 0.588 0.250 0.333 0.286 0.667 0.222 0.333
SCF-MNB 0.432 0.154 0.538 0.438 0.483 0.444 0.333 0.381 0.333 0.556 0.417
RFF-MNB 0.432 0.128 0.615 0.500 0.552 0.389 0.583 0.467 0.167 0.111 0.133
SCF-RFC 0.541 0.313 0.750 0.563 0.643 0.417 0.417 0.417 0.462 0.667 0.545
RFF-RFC 0.514 0.232 0.526 0.625 0.571 0.333 0.333 0.333 0.833 0.556 0.667
B3 JE/R TER AR RS = 28rh, AR TR EIGI T RS BRL4ERE, AHLE T 5ol fl A R ik el <

TR RER I, AR
Kappa ZE{(TE 0.245~0.600.

) AC 7£ 0.649~0.811,

1.0 Eﬂ 1.0 Eﬂ;,
0.8 o 0.8
g Ol - g OV Ay TV
= 0.6 = mSCF = 0.6 = LGC
Z 04 :# =rSCF Z 04 EIQDD/Z
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0 0
S
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9
riﬁb}aﬁ Tiﬁb}aﬁ
Performance metrics Performance metrics
a. ARJAHE T b. A[EF S

a. Different factor groups b. Different classifier

7i: mSCF # rSCFf 433 SCF K T4 i) L 4R 7 1 SR A Ik X 7 14
G

Note: mSCF and rSCFf represent the meteorological factor subset and the remote
sensing factor subset of the SCF factor group, respectively. The same below.
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Fig.3 Performance of factor groups and classifiers in disaster
identification
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Bl 4 RAERKAB R =57, SHETF M5
T RER I, =43 2K Mk AC 7E 0.432~0.622, Kappa
90.099~0.414, M &AL H 1 1) Sk 5y R BLE, SCF
R MEFT RFF, 5% AR RFI N KRR, H AC 1
“F-35185 0.507, Kappa V3518 4 0.247, % RFF 4757 5
%amm(mno%%%ﬁﬂiﬁ%ﬁfl¥%ﬁiﬁ
U PRI RAE, TR BRRE RS, A 5 R 2R
%ﬁ%ﬁwﬁoﬁﬁl%MMWA%kﬁﬁmmn>
SCF>rSCF>RFF, mSCF 4[] AC “F#1{EH N 0.541, %
Hofl AR v 0.034. 0.068. 0.068, 7E Kappa £ % Fix
PR RS X ERFIRE IR TR G E KA
PRI E] T B CEBEH, BEiFHRE 7 RABFR,
T3 B R 0 o H R E I RIB B UM L R, 5 2.1
s AR — k. dE— P WK, SCFHKHF1E%
Fili 3 238 T BIRIMAA N A2 e, UL RS B I



130

Flk T2 (http://www.tcsae.org)

2024 4

ITREDR, BALIFRENYE S S0 R AR
RABGERHE: SHRTAEREEH RN E, SCFAS
AR THLE, RE F1 R PFREERARS, HER
RGO E ks A LA T AR B R AR S IOR I
OrRASIME R, JUHN T RFF 41, 21 B 1 Bedk
REE AR GORARE S, U RARIRHE S NI, R
SIS E WA, 7 BB IRAWE T . B AR
AR IERIE, LTSI E] RFC 702848 % i 241
Ry, Bl Ar i rtRe, BT A KA. X

B DU, MBI K AR SRR L Bk AR,
RFC #L#822 2] 73 RINE R E N TG e sk, 3
SRR BRGNS AR T
%, BMERR RN 5 R FREZAME R LR XT
BARGRARERIHE . H IR E 9, QDA
oy KGR B R F1 IR i8I0 T LDA 1 MNB 73 25 4%,
PRALET 15 Recall /b TR &0 R 7EE SRR
IR, TEOUEONE A, o e M DU L R RN R AR 2
MR FR, Precision NEE, XPPRILFFE TR ZIRAN I,

1.0 - 1.0 - 1.0
[ mSCF
08t B SCF 08t 08}
I SCF
" B RFF " "
AT 8 0.6 8 0.6 8 0.6
Factor groups '€ S S é
=@ o4t =04t ! = 04}
02+ %‘Eﬁ! 02 02
O 1 1 0 1 1 1 0 1 1 1
HEHIFAC  Kappa HE HRE F1 i1 ESEEI RS F1
Precision  Recall Precision  Recall
PEREFE bR TEREFE bR PEREE bR
Performance metrics Performance metrics Performance metrics
1.0 1.0 1.0 -
[ LDA
08} . QDA 08} 08|
I MNB
” I RFC - -
e 8 0.6 ; 8 0.6 5 0.6 T
Classifiers S é? S S
@ o4t T i o4 =4t a
02+ éﬁ 02+ 0.2 F
O 1 1 1 1 1 0 1 1 1
HERHAC  Kappa iR AR Fl KR dEE Fl
Precision  Recall Precision  Recall
TEREE AR TEREFE bR PEREFE bR
Performance metrics Performance metrics Performance metrics
a. SRR b. BRI AZ c. W RARY

a. Overall classification

b. Recognition of mild disaster

B4 BFEPRSREEGRE

c. Recognition of severe disastel

AR

Fig.4 Performance of factor groups and classifiers in disaster grading
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Fig.6 Evaluation of key factors for ear germination and mold
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Fig.7 Estimation effects of different models for wheat ear germination and moldiness in Huang-Huai region
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Estimating ear germination and moldiness under continuous rainfall stress
during wheat maturity

GUO Qile'? , GUO Peng?, SHI Likui'? , ZOU Chunhui?* , GUO Kangjun'? , TAN Yanjing®

(1. Henan Institute of Meteorological Sciences, Zhengzhou 450003, China; 2. Henan Key Laboratory of Agrometeorological Ensuring and
Applied Technique, CMA, Zhengzhou 450003, China; 3. Zhoukou Meteorological Bureau, Zhoukou 466000, China)

Abstract: Wheat is one of the most crucial global staple crops for food security. However, the continuous rainy weather during
its growth, particularly at maturation, can easily cause ear germination and moldiness, thus severely impacting the yield and
quality. This study aims to accurately monitor and evaluate the germination and moldiness of wheat ears under continuous
rainy weather stress during the maturity period. A case study was also conducted on the continuous rainy weather in the
western part of the Huang-Huai region of China in late May 2023. The wheat ear germination and moldiness were tackled using
meteorological and satellite remote sensing data, with emphasis on the disaster risk elements. Then, meteorological hazard
factors were determined from the weather stress mechanisms. The resilience was also characterized using remote sensing
parameters, according to the state and environment of the wheat. Thirdly, the modeling factors were selected for subsequent
analysis. Spearman correlation and ReliefF method were also used for the feature selection in binary and severity classification
tasks, while Pearson correlation was employed to predict the ear germination and moldiness index (EGMI). The optimal factors
were then combined to form the SCF, PCF, and RFF factor groups, according to the meteorological and remote sensing types.
Subsequently, five classification models (including Logistic regression, LGR) and five regression methods (including multiple
linear regression, MLR) were applied for the binary classification and severity grading of wheat ear germination and moldiness,
in order to predict and simulate the EGMI. The effectiveness of these models was then compared to identify and grade the
wheat ear germination and moldiness. The results showed that the optimal factors were achieved in the identification and
severity grading of germination and moldiness using different classifiers, from the perspective of the disaster-causing process
of continuous rain and the three elements of disaster risk. The accuracy score (AC) ranged from 0.649 to 0.811 in the binary
classification of wheat ear germination and moldiness identification, with the Kappa coefficients between 0.245 and 0.600. In
the three-category classification of severity grading, the AC value ranged from 0.432 to 0.622, with the Kappa values between
0.099 and 0.414. The R? value of EGMI prediction ranged from 0.10 to 0.25, with an average mean absolute error (zMAE) of
12.93 and an average root mean square error (RMSE) of 16.74. The PCF-XGBR model performed the best, with the R°, RMSE,
and MAE values of 0.25, 15.69, and 12.05, respectively, as well as the standard deviation (SDEV) and centered root-mean-
square deviation (CRMSD) values of 13.10 and 15.55, respectively. Comparative analysis of the three models showed that the
remote sensing model was superior to the meteorological model, in terms of the identification of germination and moldiness.
While the meteorological model outperformed the remote sensing model, in terms of grading the severity of germination and
moldiness. The meteorological-remote sensing model was integrated to balance their shortcomings for better performance and
robustness. The estimation of continuous rainy weather disasters was achieved in the western Huang-Huai region, thus filling
the technological gap in monitoring wheat ear germination and moldiness. The finding can provide the technical support to
reduce the wheat disaster in post-disaster assessment.

Keywords: wheat maturity stage; continuous rainy; pre-harvest sprouting of wheat; moldiness; agricultural disaster monitoring;
risk assessment; multi-source remote sensing
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