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Abstract; Drought is a frequent natural hazard in the Huaihe River Basin ( HRB). Traditional
agricultural drought monitoring methods have defects in spatial continuity, so developing an accurate
agricultural drought monitoring model at regional scale is necessary. As a popular method, random forest
(RF) is widely used due to its high prediction accuracy. However, RF may have significant bias in
regression at times, especially for extreme values. The standardized precipitation evapotranspiration index
for the 3-month time scale (SPEI3) was used as the dependent variable, and the multi-source satellite
product from tropical rainfall measure mission ( TRMM ) and moderate-resolution imaging
spectroradiometer ( MODIS) was fused by RF to construct agricultural drought monitoring model in two
regions of the HRB from April to October in 2001—2014. The accuracy of four bias-correcting methods,
including simple linear regression ( SLR), bias corrected method (BC) , residual rotation method ( RR)
and best-angle residual rotation method ( BRR) were assessed by determination coefficient ( R*), root
mean square error ( RMSE) and correct percentage of drought grades. The best bias-correcting method

was used to establish agricultural drought monitoring model, which was called bias correcting random

R H: 2019-10—-16 & m H . 2019 -12-02
E£WMAB: HEHEMAPAIRE A (2018YFC1508104 ) FIE 5% H AR FL 2 5L 4 350 H (51679145)
TEE B XZL(1980—) , 55 B2, i, 322 NS5 i 3K SCREALL 55 7K 2 98 B2 IF 5%, E-mail ; liuji@ ctgu. edu. cn



573

XUFE &« T BEHLAR A 22 K2 15 B9 L - 5 1 Ja 1 0 458 R BT 5 171

forest drought condition model ( BRFDC). The relative soil humidity data and drought records were

applied to test the monitoring capacity of BRFDC model. The results showed that all of four bias-

correcting methods improved the performance compared with original RF. The BRR method performed
better with R were 0. 897 and 0. 874, and RMSE were 0. 335 and 0. 362, which reduced the residuals
efficiently. Additionally, the BC method performed better by the accuracy rate of different ranks of

drought, especially the accuracy of extreme drought was between 33.3% and 50.0% . The BC method
was applied to construct BRFDC at last. Compared with SPEI3 | the outputs of BRFDC model had more

significant correlation with soil relative humidity at most stations. Finally, the drought maps during the

period from May to October in 2001 were produced by inverse distance weighting method (IDW ),

original RF and BRFDC model, and all of them showed a strong visual agreement. In particular, the

extreme drought conditions were successfully monitored by BRFDC model.

Key words: agricultural drought monitoring; remote sensing; random forest; bias-correcting
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Fig. 1  Geographic location, elevation and land use type of Huaihe River Basin
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Tab.1 Sources and instructions of data

Bl 44 B I 25 43 PR B d & P 3

TRMM 3B43 25 km A FEIBCIE B R 7K NASA (http : / mirador. gsfc. nasa. gov)
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DEM 90 m FICL B v AR i PR S ) B =

AWC 1 km AR B A AR K http : // globalchange. bnu. edu. cn
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Tab.2 Computation of different remote sensing drought

monitoring indexes

i R AR EL ARCARTS
W KR & 48 £ (PCT) (P=P,)/ (P =Pui)
Hiy 22 RS T8 B (TCT) (LST,, —LST)/(LST,, —-LST,, )
PR AR E (VeI (NDVI -=NDVI ;. )/ (NDVI . —NDVI . )
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Fig.2  Flowchart of procedures used

3 BRE5SW

3.1 RESEXE RF SHMAL

AR FFENRESSERLENEME
(P = ETy) AR P, B 96 17 90 30 4% 0 42 o &l 09 o
(KB /g (XI02) A0 X, ol R R
B 1R, £ 0 KA G R AE AN 36 3 s, H13k 3
AR, DX 1 X 2 11 2 A 3 R R 0 8 R 7S5
1018 mm , HA i 22 57 32 B A AL 4R B 7 4+, 100 4F 1
B T ET /22 5800

ARSCHIRE RE B4 55 8 DA, N 1 ~8 &
—IU{E LU E R 2 Hom,,  Tin,, S80S — BCE R



174 & A Hl

W 2020 4

£3 TRRBRIEFHFE

Tab.3 Climatic characteristics of different regions
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Fig.3 RMSE of different parameter values on model

of region 1 and region 2
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Fig.4 Scatter diagrams of drought index estimated by different bias-correcting methods and SPEI for three-month time scale
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Tab.4 Accuracy of different drought conditions monitored
by all bias-correcting methods drought in two regions

%

A TR0 R e IE 7 i
a3 X RF
FEAS B i SLR  BC RR BRR
R (n=153) 45.1 44.4 69.3 64.7 60.1
X 45 1 FE(n=97) 40.2 39.2 74.2 61.9 53.6
5 (n=24) 0 0 50.0 83 8.3

5 (n=130) 36.6 39.2 64.1 57.5 57.5
[X 12 2 HE(n=64) 18.6 18.6 43.3 28.9 26.8
W5 (n=20) 0 0 33.3 20.8 16.7

®x5 BRFDC HEBREYPTFEEHSARRELE
xR EE XS
Tab.5 Correlation analysis between drought index simulated

by BRFDC and soil relative moisture in different depths

b 10 cm 20 cm
SPEI3 BRFDC SPEI3 BRFDC

Ij: oy JE 0.57 0. 60 0.67 0.74
T 0. 44 0.47 - -

BH 0.41 0. 44 0.38 0.39
I v 0.54 0.52 0.61 0.57
i 0.53 0.51 0. 61 0.56
[ 0.50 0.53 0.55 0.57
W 0.57 0.53 0. 60 0.51
=2 ) 0.38 0. 40 0. 44 0.48
Mi3e 0.39 0. 46 - 0.36
52 0.55 0.56 0.56 0. 63
(iR 0.50 0.51 0.48 0.50
L - - - 0. 34
[ 4G 0.59 0. 60 0. 54 0.55
# B 0. 61 0. 62 0. 69 0. 66

TR =7 FOR ARG 0. 01 KT B F A

i) SPEI3 BRFDC # BIJH53 45 %05 10 .20 em 1y -3
TR A OC (P <0.01) , — H #RAEA 2 RAE + ¢
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Wi 2L, AHEE SPEI3, JLA 10 >3l 4% 10 em £
SEARA R 5 BRFDC LAY T 53 48 BOM 5GP B i,
WA, 9 Al 45020 em SR X B2 5 BREFDC A5 1Y
RSB B3 .t T oKy 240l T 7
Ayuke s PE I &, I e BRFDC KRS 31 530 19 45 Hi 5L
SPEI3 B F I A T 570 LKk B ZTEZ
W Z M, SPEI3 R AR 2K A7t 8, 2R AL
TR R F A AR, T BRFDC KR 25 45
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b 5 A R B o 255 75 IR A R TR R R P R
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FroF, 50 1% 20 2, 9—11 A K K 8 A 3 e 2>
81% , 51 1 — A ¢ B 5 1) 2 489 YA 3T 3 T e K A
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K PR B S J7 (Inverse distance weighting ,
IDW ) 3 X%J 3l 5 SPET3 47 2% [H] 48 {5 ( faj % IDW 45
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5—10 3 e i 8 51 3 1) 0 A, S5 R I S Bos
M P S R, 3 b 5 34 R 5 K R o e Y e D &5 R
5 R RN AR — 2, OF HAE A ) b B A i —
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B A B T7 125 BR A, 0 ol et DX s 5 1 M 0 & 2R
FEAEATR E P B AN 9 3 3 4 7Y JE 38t 3 v 2 5
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Fig.5 Drought maps of Huaihe River Basin from May to October in 2001
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