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Regional monitoring and refined assessment for damage from wheat
drought and waterlogging based on WCSODS
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Abstract: In this study, a climate data interpolation software, ANUSPLIN, is used to generate a grid-based daily
data set for the representative region in major wheat producing provinces, Jiangsu, Anhui, Shandong and Henan from 1971
to 2015, with daily average, maximum and minimum temperature, precipitation and sunshine hours. Based on the improved
WCSODS (wheat cultivation simulation optimization decision system) regionalization method, by using the relevant monito-
ring data, the regional monitoring and refined assessment of loss of winter wheat drought and waterlogging disaster in the
study region was performed. The spatial distribution of the damage rate grade of the crop model was consistent with the actu-
al damage rate grade, and the accuracy ( grade difference <1) of all grid points in the region was 83.3%. The study region
was characterized by northern drought and southern waterlogging, and the drought damage was generally greater than water-

logging. Overall, the drought and waterlogging damage showed a tendency of slightly weakening over years.

Key words: winter wheat; model; drought and
Y5 B #3:2017-02-20

ESTE TR FHE I EBPER A [ CX(13)3054]

(RS B0 (1965-) 5 TTIRR S0 BFIC 0t 8 MR ‘ e
KHOH 0% SR (LB, (Tel) 025 ALAFA [ SR B R AIUR , B o -0 U R
84390194 ; ( F-mail ) gedaokuo@ 163.com PG A ERRPE I 50 RS 20 A0 2 BE 2 Rl R Al Bl

waterlogged ; refined; yield loss assessment



B0 4 T WCSODS B/ R

B AR DX A W I 520 A AT A 1063

FIRK A E BRI, Aok B KF A
AR FBERIE M E AR5 5 MRS AT A
amr RN ZHITAE, & IR RS
PEFEICHT K DT B WD 5 AR R R A R T
K, BRI, FAEMBEIT, 24 b TR K (6 5C 843
BT BEWIZE A PR S ST O ik PRl R MY 85 K E
{0371 I S E N KB W 2 € A €15 3 S
S AT R R o S AR LSS il i X
BY AR ED AR et sk
WP RG KA W SIPATER . S FHEAR R ( R
R ) RS AR R AR S, RN XOKSE Y
Vi A K Bl MDA 1R Ry B A2 i) R Ao
e G0 K-Bsf BT THI 6 1) o K ) A T RO A 3, 75
i P PR BT A B A 23 A48 S5 o) o7 A i 119 28 ] UA 5[]
;B@:[S] .

AT R P AN 32 o B4 A A 5 a0 i e 40
AR I FHE A ——ANUSPLIN $4E XHF 5% [X 35,
1971-2015 4FE (4 HF-300 L H w3l H AR
T FEK D H RREE XGHE KSR AR X B 5 8
AT T 5 kmxS km S HRR % 54k, 78R X AE
Y KA AT Rt T %ob /N 2 SR AR v o A )
RUELRE | 254G WCSODS (/N 22 #5540 Ak P ok
R4V BB FEBER LRI LEF S
B AERSE LIRS R R (0 R A% AL ) X 8]
TG T SR VW) A% G0 BURE A JC A% I LA KOk
TR, DS A W SR 46 1) /N ZE A K 2R K A I
YEYIK B 5 BN IERE, TP T 098 X 3 4 /N2
EEAGIR 14 1 4 1] 43 R W 390 S5 K A AL DPAd
1 BRI I
1.1 SREXTHBERZ

SRGBRIFER A Ik, 5T G 6 E
AR Kriging 7 FlT# 8 FE 5515 TPS ( Thin plate
spline ) iz 3 F , ANUSPLIN J2& & T8 45 B 45 B IS
Bl S A 5 i T LA B AR AR R A SR R
FIGUFESS ( Partial thin plate smoothing splines ) fiY
MBS RI IR

Zi:f(xi)+b1'yi+ei(i:19.“N> (1)

s TS i SR AR i x, Oh d HERE SR ST
At f BB AT xR HOCH REGy, N p
eph S HE R b Oy, 1Y p 4E R e, B WA
F0 B 2R wo * 1) A ZE R REHLR 2 ;w, EAE AL

AR IR AR A S R, o iR
AR S5 pRERCRT AR R T SRR ifE 22728 Rk (o]
B EA HSHOR ] — Gl AR S5t
R,

ANUSPLIN 4 feif | it 2250 P AR 1 St 11
A AR R BT AR BCHiE B i e e R sk
frE b as [ 4E (A, X5 T i 8] 7 900 0 R 508G
JeHGE A A% A A D A AR A X
WAL EREE, LIRS X % 22 10 25 1) L R %
R, AT LA AT AL 505 9 4 2R DA X g 2 B S
) 5341 2 H SR M EHE 72, Frigis 4e 4k
Aili A 5T DA AHZR S5 VAl AR O B3 | J2 46 25 (]
R EAE AR ] R RS A IR, AR ERS
(B4R (R PEAN G R EE AT, A SR A (R A A
KL BRI PERIL 5 kmx5 km, I HLLH L
RO A RIS AT AR 2T X BN & 4 90 ) 4
H By 587 K E AT R PPAL . A &/ NE R Bl
JEAE TR FE 25 S R, R BB R, oK
SN R EE ICE R A R U, H IR B R SR A R S
BRI AU DR I B kA (ERH X 5 22 42 3
10.0% , XFRIFFE DX 35k 9 TPA 5 S 5 i L5
1.2 ZMEAKBEBXFHFE
1.2.1 A XA RKGEDEAE R R BT &
WCSODS JZiiidt 2 il ZAE M2 i Kt /22 A 3
A T SCHRGORL, 3T R Ge AT i Ay
BRI FEuh i RUBE N7 1, I 3 A A 7 e 3y
B Bt E AR B AR B A AE TR RRAE 7 rh R 4R
FHRFF TIRARTHE , o A KA R X Sl A 2 82 1)
iz —, WCSODS A: KA A X WAL L Y5t % =
B SRR X, BT S5AKAE RN
BHESEL, IO R MG L /A2 BB A 43 ie
FE(PCg) MHTHAFEE M R PCL) VU S A
T SR E A ) BB R RS R (k1 A1 £2)
ST AT W 2 T AR AL R AT DR AT X SR 2
A 5 AR AR XIS
1.2.2 A REZF AR IRAE LI R BT &
ABA 5 T A R ML S I R T R T
B, R AP ) 22 5 AR DL A AR A 2R
1 MUK AR 7 b 3 25 S R DX 3t 2 [ g 5
prieke ST 5-110 o (1] AN AR {205 N V) ol w1 o b B S
FHiRMESH, R IX I 4 DO AR X (AR F R
K I P R A F2 X U AR A 22 ORI I 4 42



1064 o9 &b 2 W

2017 4F % 33 % 5 M

X) &K H 1 Bt S50 FI A 21 ASFF 5L 1998 -
2007 AFE[A]/INAZ IR, 5% T ik 43 i il
FNFAE S XY IR 5% 240, A4 . A R AL S 4L
TR AR A IR AN R B R BN B
745
123 EXEAHKMHREBAFF THESHTEQ
FEUHZENLSE | H R REK i M 7 A 24 R T R
BRI AT AL A 2 E 1 1000 000452+
BESHUE SBAE . I T/NERRINAE 4 DX NS
BN, A B A5 X 2 A4S U 5 22 4 F 4 AR R
1.3 ZNFEKRIFREGRIRIERS RFEMNTHE
FIFH X 8 AL () WCSODS #4545 41 1973 - 2008
AEAARIEIE X B A /INAZ A% A R BT HR B, 2456 5P
PR B M R R 57 O FE R AR Y o
H, SHONETRREFL L4748 HEL
BN HE AT TR 205 1) U 43 BT, B F 5 X 5K
/N B I E R P 4y R N AE b, BVREE
(5 EE(R) PER) BE(R) EW RE
(B7) PR CEY) FVE B (B7) . AR4E R0 KB A
BB AR 38 53 A7 0 1 2% DR AR A

TR AR (%)

1 1 1
1973 1978 1983 1988 1993 1998 2003 2008

Fh

2 45 R

2.1 ZNEEKREEFRIBIEIRS HEE

fFF5E X 38k 1973 -2008 4F 4 /N FRRF B (52)
FNERE (7 ) BRI F R RIS 0.2,
2.34.2.7.2.76.8.6.3.3.0 F10. 1, DIHAEHRIE
YA AR AR T34 B 1 52 T A 4 BORN 7 1t
PHREGHAT 9, B 2 T W98 XS & /N2 e A
B 5B TGN R B, BT R B R
rhRE R RIRE B Y A /N2 D8 B4 5 R 6% |
10% 18% 1 28% , Bi it B {H 0 1E % A BE v B FN
RN 253 R 4% 6% 9% Fl 13%
22 ZPNEBRGFRBANLITELER

L1 AR5 DX AT A a5 S A 8 RO By
TR PR ECEYER DI, nTRUE H DF5E X
AN TR EBR KT Y6, —F 4 bR [H]
(GEEICI i) SRR ERSF N TRURTE 3 d L iR X
IR I O B K ARy T2 19861978 ,2000
1981 47 35 15t 9 3 1 B R B R I AE Ay £
1998 ,1989 1979 F1 1990 4F

20
15

10

P
[ ——e
—e
—e

PR ARFEHL (%)

W

1973 1978 1983 1988 1993 1998 2003 2008

F

B1 SHERESMEMENETHTRRIGE (a) MERIIRER(b) FHENHFEEKL

Fig.1 Annual change of average drought damage index (a) and waterlogging damage index (b) of all grid wheat in the study region
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