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Agricultural drought monitoring and winter wheat yield estimation in North

China
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510275, China
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Abstract: This study evaluates the applicability of standardized vegetation index ( Z,, ) constructed by generalized optical
properties of vegetation including Vegetation Optical Depth ( VOD) and Sun/Solar-induced Chlorophyll Fluorescence ( SIF')
to monitor agricultural drought, and further explores the prediction ability of VOD, SIF and the environmental variables
including soil moisture on winter wheat yield based on ridge regression model. The results show that the ten-day scale Z,
outperforms Z,,, in the agricultural drought monitoring ability in North China, with the probability of detection (POD) for
severe drought reached 77%. Z, can effectively reflect the evolution process of drought occurrence, development and
mitigation, and its low-value area is consistent with the spatial distribution of stations recording drought occurrences. In the
south of North China, the ability of VOD in C-band and Ku-band during growing season is higher than SIF for winter wheat
yield estimation. The highest estimation accuracy was obtained by using the full-feature model including VOD, SIF and the
environmental variables. The crucial predictor of winter wheat yield is SIF at the growth peak. This study can provide

technical support for large-scale agricultural drought monitoring and food security.
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Fig.1 Study area showing the winter wheat cropland and agro-meteorological stations
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Table 1 Main drought events recorded by agro-meteorological sites in North China

R H (4 ) 25 1 g BT R
Time range Drought extent Drought intensity Number of stations with
drought event

2002-07—2002-10 He b A A Hb X P R AR 2o 3 IR b B E R 24
2002-11—2003-03 IR Z i DU R S 3 8
2003-05—2003-08 ALK o 1 X L 5 19
2004-03—2004-07 AL R A3 Hb X DI R o 17
2004-10—2004-11 LR Pl R 3 1
2005-03—2005-07 AL KR53 X PSR F 15
2006-02—2006-09 AL IR 31 X P R 5o 3 19
2006-10—2007-04 IR Z 4 DU R o 15
2007-05—2007-09 AL K53 X ZMHHER 20
2008-03—2008-08 AL KR53 X DR Ry F 10
2008-10—2009-03 AL KT o3 1 X PR & 21
2009-05—2009-10 AEJ0 KRS HL X DU AR R oh E 10
2010-05—2011-08 AL 53 X P R 2o & 23
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Table 2 List of data used in this study

S| E3S Bl Fisf )35 P s kR KR
Category Name Dataset Time range Resolution Source
B AL VOD_C Global Long-term Microwave 2002-07—2017-06  d;0.25° https : //zenodo. org/record/25755994
Vegetation index VOD_X

VOD_Ku Archive (VODCA)

SIF ((;Ié)gzll,F;)co-z based SIF product 8.1 :0.05° ngxssl;;if::lbalecology. unh.  edu/data/
78 %y SM TerraClimate H;l1/240 https ://doi.org/10.7923/G43J3BOR
Environmental Tmin
variables Tmax

SRAD

PPT

VPD

PDSI
iiﬂfiﬁﬁmﬁ KN AR IX ChinaCropAreal km 200220154 4F;1 km ?}iﬂlb/z /h[iitjz mendeley. - con/datasets/
éﬁlifﬁffﬁ ijﬁﬁ REME HRGEI L 2003—2017 4 o} http ;//www.stats. gov.cn/
iRt gechmstry CPERLRRIMOEES 00 0 e hitp://data.cma.cn/
Drought record £)
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Table 3 POD of Z, for drought events of various levels

ek IR B i Cits
Vegetation index Slight drought Moderate drought Severe drought
HOLE S 2 /U
0.55 0.60 0.77

Sun/Solar-induced chlorophyll fluorescence

N L pat N A = W E e
C IRELBOL AL 0.47 0.62 0.53
C-band vegetation optical depth

Il FIL gk ke N TS RE
et 0.47 0.59 0.57
X-band vegetation optical depth
K M s y 1 ALY e

u P BAAHOL R 0.51 0.58 0.53

Ku-band vegetation optical depth

45 L 2007 AFHAL T R H 40 6], iE— R R Zg el TR R, 2007 5%, REIC T &
AETHEIERT R, 3 A TAZES Ada), 675 K 1 X KA 50 mm, b 4F R A R 2> 25%—
80%" ™), W TR FFSAR /D 2 AR W, KRR 2, LR 16 200 F W, 5l & e 2 4 B
BT 5 Al e R o X R e E Y R 3 IR T 2007 4EB-E S B KRR, 3 A
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Fig.3 The evolution of drought in North China from March 2007 to July 2007
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Fig.4 Pearson correlation coefficient between vegetation index and winter wheat yield in each month during growing season
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Fig.5 Spatial and frequency distribution of Pearson correlation coefficient between vegetation index in growing season and winter
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