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Estimation of grape basal crop coefficient in northwestern semi-humid
zone based on UAV multispectral remote sensing

XU Can,HU Xiaotao,CHEN Dianyu,ZHEN Jingbo, WANG Wene , PENG Xuelian, RU Chen
(Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas ,
Ministry of Education , Northwest A&F University , Yangling ,Shaanxi 712100, China)

Abstract: To improve the estimation accuracy of vineyard evapotranspiration in northwestern semi-humid area,
this study calculated the actual crop evapotranspiration ET, by the Bowen Ratio System and the reference crop evap-
otranspiration ET based on Penman Formula. The grape crop coefficient K, was obtained by the division of the two.
The FAO-56 double crop coefficient method was used to calculate soil evaporation coefficient K, and water stress
coefficient K, and obtain the basal crop coefficient K. The spectral data of grape were obtained by using UAV
multi-spectral remote sensing image. Reflectance of multiple bands was extracted to calculate four vegetation indexes
( Normalized difference vegetation index NDVI, soil adjusted vegetation index SAVI, ratio vegetation index RVI, and
difference vegetation index DVI). The relationship model (unary linear regression, polynomial regression and multi-
ple linear regression) between the coefficient of K, and vegetation index was established, so as to calculate the ac-
tual evapotranspiration of vineyard to verify the accuracy of UAV multi-spectral remote sensing estimation of grape
K_,. The results showed that (1) Under the same modeling method, the model fitting accuracy of vegetation index

and K, was affected by the species and grape growth period. In the early stage of growth, the fitting accuracy of K
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—=VI, model obtained by unitary linear regression modeling was NDVI>RVI>SAVI>DVI. In the later growth period,

the fitting accuracy was RVI>DVI>SAVI>NDVI. In the whole growth stage, the fitting accuracy was SAVI>NDVI>

DVI>RVI. The fitting accuracy of K, differed with modeling methods, and the fitting effect of multiple linear regres-

sion model was the best. (2) Growth stage, vegetation index type and modeling method were three important factors

affecting the accuracy of evapotranspiration estimation. In the early growth stage, the accuracy of the polynomial re-

gression model established by DVI and K, was the highest (EF=0.79). In the later growth stage, the accuracy of

the multiple linear regression model was the highest ( ET =0.80). In the whole growth stage, the validation

accuracy of the unitary linear regression model based on DVI and K, was the highest (EF=0.73). (3) The rela-

tionship model between K, and vegetation index was established at different growth stages. Compared with the K,

value recommended by FAO-56 double crop coefficient method ( EF'=0.58) , the inversion K, value improved the

estimation accuracy of evapotranspiration by more than 6%.

Keywords: grape; UAV multi-spectral remote sensing; vegetation index; basal crop coefficient ; evapotranspiration
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Fig.1 Reference crop evapotranspiration and rainfall data
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Table 1  Calculation formula of vegetation index
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Fig.2 Crop coefficient change curve in the growth stage of grape
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Table 2 Relationship between vegetation index and basic crop coefficient K at early and late growth stages

F7BH x

Independent

AEFIH

Growth stage

— G [l Y45

Unitary linear regression model

#

Z I ] AL

Polynomial regression model

variable FER Expression R? P FkR Expression R? P

NDVI y=3.12x-0.58 0.82 <0.001 y=-3.74x>+5.48x-0.93 0.83 <0.001

A BT SAVI y=4.58x-0.41 0.75 <0.01 y=38.98x> -8.64x+0.58 0.75 <0.01
Early growth stage RVI y=0.70x-0.98 0.80 <0.001 y=0.31x2-0.46+0.06 0.83 <0.001
DVI y=2.42x-0.30 0.65 <0.01 y=3.41x2+0.61x-0.1 0.68 <0.01

NDVI y=2.52x-0.59 0.71 <0.01 y=9.36x2-5.52x+1.04 0.77 <0.01

EEHFEM SAVI ¥y=3.38x-0.34 0.74 <0.01 y=12.51x"-2.86x+0.37 0.77 <0.01
Late growth stage RVI y=0.40x-0.55 0.75 <0.01 y=0.11x2-0.18x+0.19 0.76 <0.01
DVI y=1.82x-0.23 0.75 <0.01 y=3.06x>-0.69x+0.22 0.76 <0.01
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Note ; Figure a~d shows the fitting results of unary linear regression model, Figure e ~h shows the fitting results of polynomial regression
model.
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Fig.4 Relationship between grape vegetation index and basic crop coefficient K at the whole growth stage
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Table 3 Multiple linear regression model of four vegetationindexes and basic crop coefficient K, in different growth stages
AFH Ay HAE s « Al R p
Growth stage Dependent variable  Independent variable Model
d:ﬁﬁ?,ﬂ;q Early growth stage NDVICx,) SAVICxy, y=0.23+3.70x, +24.60x,-1.31x3-9.7x, 0.86 <0.001
HEEHIEW Late growth stage K, y=-0.5-20.40x, +75.27x,+1.21x,-29.78x, 0.78 <0.01

RVI(x5) DVI(x,)

L FH BB Whole growth stage y=-0.20-6.08x, +33.57x,-0.10x;—11.57x,  0.71 <0.01
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Fig.5 Actual evapotranspiration of Bowen ratio grape during growth period and comparison between the

estimated value of FAO-56 double crop coefficient method with the measured value of Bowen ratio
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Note ; Figure a~d shows the verification results at the early growth stage, Figure e ~h shows the verification results at the late growth

stage, and Figure i~1 shows the verification results at the whole growth stage. The same below.
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Fig.6  Validation of estimation accuracy of unitary linear regression model in early, late and whole growth stages
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Fig.7 Validation of estimation accuracy of polynomial regression model in early, late and whole growth stages
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Table 4 Validation of the estimation accuracy of multiple linear

regression models in early, late and whole growth stages
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