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Estimation of grape evapotranspiration in semi-humid region
based on Bowen ratio energy balance method

YU Zhaojun, HU Xiaotao, RAN Hui, WANG Xuemeng, WANG Wene, HE Xuexia
(Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas ,
Ministry of Education, Northwest A & F University, Yangling, Shaanxi 712100)

Abstract: In order to accurately estimate the evapotranspiration ( ET) of vineyards in the sub-humid region
based on the determination of meteorological data, this study analyzed and evaluated the applicability of Bowen
ratio-energy balance method in estimating grape evapotranspiration in semi-humid areas and the variation rule of
grape ET during the whole growth period by taking the measured ET of water balance method as a reference. Then,
single crop coefficient method ( K, ) and double crop coefficient method ( K, ) were used to estimate grape ET in
semi-arid areas. Results showed that the root mean square error (RMSE) and coefficient of Nash ( NSE) between
Bowen ratio—energy balance method of the total growth period and the method of water balance were 0.54 and 0.64,
respectively, and the determination coefficient was 0.82.Bowen ratio-energy balance method can be better applied to
semi-humid region vineyard evapotranspiration estimation, in contrast, the method of double crop coefficient estimate
result was more accurate than the single crop coefficient method.The calculated dual crop coefficients of 0.85, 1.07,
and 0.71 can be used as values in this region to provide theoretical basis for semi-humid region vineyard moisture
management.

Keywords: vineyard; evapotranspiration; Bowen ratio-energy balance method; single crop coefficient method ;

double crop coefficient method ; semi-humid region
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Table 1  Variation of evapotranspiration of grape at different growth stages
A H I B (m-d) i/ d H 78 & 7/ (mm - d7") RN B/ mm

Growth period Period Time Average evapotranspiration Total evapotranspiration
Wi 2F 18] Bud 04-01—04-15 15 1.32 19.80
HAEAE I Shoot growth 04-16—05-05 20 1.25 24.94
FF4EM Flowering 05-06—05-19 13 1.22 17.05
RSG KA Fruit swelling 05-20—07-15 57 1.61 91.56
5 8A Coloring and ripening  07-15—08-23 40 2.34 91.16
44 F 1 Whole growth period 04-04—08-23 145 1.69 244.50

(ET,p) BAR AN IR N, AT Ay, =R
JEE 5 e R ) 2 A K e e R 1 I 25 e 25 0 AR R
(Kl5) . ET 5 ET,, 25 H 535010 0.1~4.7 mm
-d' A1 0.1~4.6 mm - d7'ET 2 ALIEEI M 0. 1~
4.4 mm - d', B OEY R EOE 5 EOCH TR
(R4 tE B IR SR8 HE 431 275.05 ,246.87 mm

x2 TREEHMERK K,MKHITEE
Table 2 Calculated values of K., K, and K,

in different growth stages

HEF M Growth stage f5HE] Time/d K, K, K,
B Initial stage 23 0.30 0.13 0.72
1] Middle stage 83 0.78 0.73 0.34

Ja i Late stage 39 0.50 0.32 0.39
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Table 3 Consistency evaluation of the calculated value of evapotranspiration at each growth stage by single

and double crop coefficient method and Bowen ratio method

SE R HAVEY) 2B Single crop coefficient WAEH) ZEL Double crop coefficient

Evaluation HB R AH AH AW A BRI HF T AH G
index Early period Middle period Late period Early period Middle period Late period

R? 0.57 0.57 0.67 0.79 0.84 0.83

RMSE 0.06 0.13 0.07 0.09 0.07 0.07
RSR 0.76 0.59 0.71 0.88 0.49 0.57
NSE 0.44 0.51 0.55 0.20 0.76 0.66

WA AL 4]

e U s s u VG G
Rating

TE: U=l B S-S G- R Ve R 4
Note: U-unsatisfied; S—satisfied; G—good; VG-very good.
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