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Remote sensing drought monitoring of Hetao irrigation
area based on MODIS data

LUO Biao, LIU Xiao, GUO Ping”
(College of Water Resource & Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract Based on MODIS data, four remote sensing drought indexes (temperature vegetation drought index (TVDD) ,
vegetation water supply index (VWSI), vegetation condition index (VCI) and temperature condition index (TCI))
during the main growth period of crops (May-August) in the Hetao irrigation area from 2000 to 2018 are investigated.
The relationship between the four drought indexes and their correlations with the relative water content of 0 — 20 cm
soil, precipitation and irrigation water diversion are analyzed. The results show that. The correlation between TVDI and
soil relative water content is better than the other three remote sensing drought indexes through correlation analysis; In
the irrigation area with more irrigation water, the correlation between remote sensing drought index and rainfall is weak.
However, there is a certain correlation between TVDI and irrigation water volume. Through the analysis, it is found that
TVDI has a good applicability in Hetao irrigation area. In addition, the comprehensive use of various drought indexes in
drought monitoring is of great significance to improve monitoring accuracy and predict drought scientifically and
reasonably.

Keywords Hetao irrigation area; MODIS data; temperature vegetation drought index; vegetation water supply index;

vegetation condition index; temperature condition index
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Fig. 1 Location of Hetao irrigation area
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Table 1 Correlation coefficient between drought index and relative water content of 0— 20 cm soil

Hs TVDI TCI V(I VSWI
Month oprshpie  Waw o hoes SRR IR SRR
5H —0.19 —0.56 %% —0.13 —0. 44 % 0.40 * 0. 44 * 0. 38 % 0.43 %
May

6 A 0.07 —0.51 %% —0.01 —0. 50 %% 0.37 % —0.05 0.52 %%  —0.03
June

7 A —0.40 % —0.44 % —0.47 % —0. 34 0. 49 *x —0.05 0.52 %% —0.03
July

8 H —0.50% —0.56 % —0.14 —0.62%x —0,05 0.59 %%  —0.01 0. 60 xx
August

o« fRFR 0,90 W EFAKET BEMIC, »« 3 0. 95 B F/AKET BEHMIE. TVDL TCL, VCI, VSWI 43 Jil 32 7R 1 B A %
T R R R SIS A A OR AS TR B R ks %K. TR

Note: * represents significant correlation at a confidence level of 0. 90 and xx* represents a significant correlation at a

confidence level of 0. 95. TVDI, TCI, VCI and VSWI respectively represent temperature vegetation drought index,

temperature condition index, vegetation condition index and vegetation water supply index. The same below.
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Fig. 3 Vegetation condition index from May to August 2018
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Fig. 4 Temperature condition index from May to August 2018
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Fig.5 Temperature vegetation drought index from May to August 2018
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Fig. 6 Vegetation water supply index from May to August 2018
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Table 2 Correlation coefficient between drought index and monthly rainfall

RO . .
VSWI VCI TCI TVDI
Month
5 H —0.04 —0.03 —0.10 —0.05
May
6 H —0.07 —0.09 —0.33 —0.35
June
7H —0.04 —0.05 —0.20 —0.25
July
8 H 0. 46 0.42 —0.57 —0.57
August
[&7K 4 Precipitation  —A—TCI VCI TVDI
70.00 - 5 1.00
60.00 - 1090
7 40.80
e 50.00 | ?- . 4 0.70
£Z 4000} % 5 1060 &
IE E. b X ’ 1050 32
X°T 3000 f % % 1 il
g .; ! 0.40
T 2000 A g 5 g 44 030
1000 L8 E " b % 0.20
.00 o
/ ” E E , % ) 0.10
0.00 LA E E > L B F 0.00
NN y X O Q@ o %
S FFEE S S S S S
4 f} Year
(a)
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S 7 i
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= [ K=
g 3000 - ] 2 g 1800 %2
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(b)

() FE7k 5 TVDI,VCI,. TCI; (b)) Bg7k & 5 VSWI,
(a) Precipitation and TVDI, VCI and TCI; (b) Precipitation and VSWI.
B 7 2000—2018 £ 8 A 4 " T EIEH 5K E

Fig. 7 Response analysis of four drought indexes and precipitation of August from 2000 to 2018
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Table 3 Correlation coefficient between drought index and irrigation diversion volume
A6 F51 K& /(108 m?)
VSWI VCI TCI TVDI "
Month Average water diversion
5H —0.53 %% —0.46 %% 0.42 %% 0.56 %x 8. 84
May
6 A —0.38 % —0.42 %% 0.42 %% 0.31 5.11
June
7 H —0.09 —0.03 0. 32 * 0. 35 * 6.43
July
8 H 0.13 —0.10 0. 25 0.23 2.51
August
F4 ERTEEBEXRIER
Table 4 Correlation coefficient matrix of remote sensing drought index
5H 6 H
-
R May June
Index
VSWI VCl TCI TVDI VSWI VCI TCI TVDI
VSWI 1 0.784 %%  —0.,274 —0. 787 %% 1 0. 627 %% 0.024 —0.325
V(I 0. 784 %% 1 —0.425" —0.791 %% 0. 627 %x 1 —0.103 0.057
TCI —0.274 —0.425" 1 0. 798 %x 0.024 —0.103 1 0. 780 %%
TVDI —0.787 %x  —0.791 %% 0.798 %% 1 —0.325 0. 057 0. 780 %x 1
7 A 8 A
s
i July August
Index
VSWI VCI TCI TVDI VSWI VCI TCI TVDI
VSWI 1 0.724 xx  —0.247 —0. 549 *x 1. 000 0. 590 *x% 0.010 —0.182
VCI 0. 724 *x% 1. 000 —0.473" —0.532 %x 0.590 %x 1. 000 —0.393" —0.371
TCI —0. 247 —0.473" 1. 000 0.920 %x 0.010 —0.393" 1. 000 0. 966 %%
TVDI —0.549 %  —0.532 %x 0. 920 %x 1. 000 —0.182 —0.371 0. 966 %x 1.000

TR R R ALK VSWI 5 VI 326 8 6 T #
AR M g & R4 8, TVDL 5 TCL Al 326 0 2
T AR R T AR R, AR RTTON T 4 R
SRR PR AT AR H L T 3 R A T
£ S0 B RV N PN (R 0 S

4 e

TE T PR RS L R X & K & A SE A 2

AN TR ) 548 B AN Ta] 1) A [ 3 i HE 3 B B0
Ao XAl e B O A W) X AR E AN )L AR E
SAS A TR) o BT 5 ZAE AN ] i 1) AN 7] X ek 3
R BT o JEE 22 S BOR L BE T SR BT R R R R AR
BTN b i 1 I % s = R S L e R =

0~20 cem = HEAR XS & 7K 5 2 8] A9 AH SC 1R I AR AR
E S U AT RE B DA AR - — 2 A U ATk Ak B gl B
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Fig. 8 Transfer process of drought under natural conditions
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