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DA b X R RS X 38, 22T 6 A5 519612019 AFAY % H G50 , LK S e A2 1 2 45 (LSTM ) A5 70 Al
Hargreaves ( HS) #8U Jy Befill, I FDRLFBE IR 4L LSTM 5 8 (PSO-LSTM) it {32046 LSTM #5281 ( GA-LSTM) |, bl -
B ik LSTM A2 ( BA-LSTM ) #1 5 Ff HS it BN 3 ET, , 45 A 3 45 5 5 Penman-Monteith ( PM ) 58 1 (1)
ET, #4715 b, 25 R0 AR S5 A ST, LSTM BUALAE B2 38 00 T HS B, 4 Fp LSTM BLAY ELA 550 1018
FME, Hor BA-LSTM AR ET, H AR SRS B, X I iR 22 (RMSE) SE¥ILEXHRZE (MAE) B REU(RY) |
RORZR(E, ) WAL 2519 0. 378 mm/d 0. 276 mm/d . 0. 904 F1 0. 902, 454 PR FE AR5 50 (GPI) I h ik
1. 837, [}, BA-LSTM 5 BI7E 4 [X AYMIXTR 2 (RE) U M0.01% ~ 1. 75% , PRI, EAUH IR X — S R S50, 7
fiiF BA-LSTM BB B i X ET,

X, SHiX, SEEYZEEE; R, KGNS MZ ML (LSTM) &8, DIM3Ee, Hargreaves 1R
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Estimation of reference crop evapotranspiration in central Shandong by
different LSTM models and Hargreaves models

MA Zhao', REN Chuan-dong', LIU Jing', WANG Zhi-zhen’

(1.Shandong Survey and Design Institute of Water Conservancy Co., Lid., Jinan 250013, China; 2.Shandong Agricultural Exchange and Cooperation
Center, Jinan 250013, China)

Abstract: To find out a simplified model suitable for regional reference crop evapotranspiration (ET,) estimation u-
sing only temperature data, we took the central region of Shandong as the research area in this study, and used the daily
meteorological data of six meteorological stations from 1961 to 2019. Based on long short-term memory neural network
(LSTM ) model and Hargreaves ( HS) model, three optimization models including particle swarm optimization LSTM
(PSO-LSTM) model, genetic algorithm optimization LSTM ( GA-LSTM ) model and Bayesian theory optimization L.STM
(BA-LSTM) model and five improved HS models were used to estimate ET,,. The calculation results were compared with the

Penman-Monteith (PM) model. The results showed that under the same parameter input conditions, the accuracy of the

LSTM model was generally better than that of the HS
Y5 B #9:2022-03-01

E&TE WA KR BRI 5 H (202065)

EEEN D F1(1980-) , B INARHEN, %+, B TR, F2
KA TR BT, (E-mail ) mazhao6842@ 126.
com

BINIEE AT, (E-mail) 253510814@ qq.com efficient (R*) and efficiency coefficient (E,_ ) were 0. 378

ns

model, and the four LSTM models had strong applicability.
The BA-LSTM model had the best estimation effect on the
daily value of ET,. The medians of root mean square error

(RMSE) , mean absolute error (MAE) , determination co-
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mm/d, 0.276 mm/d, 0.904 and 0.902. The median of global performance index ( GPI) was 1.837. The relative error
(RE) of the BA-LSTM model in the whole area was only 0.01%~-1. 75%. Therefore, it is recommended to use BA-LSTM

model to estimate ET, in central Shandong when only temperature data are available.

Key words:

central region of Shandong; reference crop evapotranspiration; temperature; long short-term memory

neural network (LSTM) model; Bayesian theory; Hargreaves model
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Fig.1 Research area overview and site distribution
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Table 1 Parameter values of HSM5 model at different stations

3 A 24 C S m 24l a
M 0.002 39 0.129 17.794
eS| 0.002 30 0.259 17.792
b 0.002 43 0.074 17.790
Tl 0.002 29 0.129 17.790
| 0.002 37 0.047 17.793
ViRl 0.002 38 0.049 17.789
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2.1 AEEBGEERN ET, BEMERRESH B PM B ET, HEAA BRI Z, TEA [ 2
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Table 2 Parameter values of different algorithms

GRZN EiUITE
TR ORI RDRERCE N=50, I E T ¢, =c, = 1.5, B KHE V= 1.0, BHAE 0=0.5
AL B 20 A n =10, 3 RKE V=50, FBERLEE 5= 10, 5 XA P, = 0.4 ZE A% P, =0.2
DL R S PRARUKBOR 29, F1 A2 > 2R 0.001, FEHLEEEE T 2t 0.801, 1E 4k 5%k 0.001 488
KA WAL 22 R 245 A5 T I RUNGREIBOR 1, 43Ry 50, B0HR4 2T % 0.001

®3 FRKREGENTEL R ET,BES PM &2 ET, BEMS KR
Table 3 Comparison of fitting effects between daily ET, value estimated by different models at different sites and daily ET, value estimated by
PM model

PSO-LSTM  BA-LSTM  GA-LSTM LSTM HS HSM1 HSM2 HSM3 HSM4 HSM5
BEOR2 R ORY R OR RER R RER R ORBE R AR R AR R OB R MR R
R 0.908 0.902 0.913 0.909 0.884 0.877 0.865 0.875 1.649 0.676 0.814 0.682 0.803 0.686 1.517 0.681 1.602 0.680 0.831 0.699
ZZ11 0.775 0.795 0.812 0.851 0.746 0.754 0.720 0.749 1.471 0.470 0.657 0.450 0.638 0.468 1.350 0.512 1.390 0.470 0.710 0.604
BEL; 0.943 0.919 0.948 0.921 0.921 0.915 0.817 0.917 1.563 0.692 1.197 0.781 1.216 0.791 1.385 0.713 1.478 0.712 0.806 0.787
YR 0.955 0.910 0.957 0.916 0.935 0.905 0.891 0.894 1.740 0.627 1.174 0.720 1.193 0.726 1.345 0.703 1.339 0.707 0.890 0.734
KT 0.877 0.891 0.888 0.913 0.849 0.855 0.836 0.851 1.716 0.663 0.802 0.675 0.797 0.672 1.598 0.670 1.545 0.663 0.834 0.742

I 0.979 0.906 0.982 0.917 0.978 0.883 0.962 0.879 1.886 0.620 1.229 0.711 1.257 0.719 1.488 0.723 1.453 0.720 0.901 0.733
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Fig.2 Comparison of fitting effects between monthly ET, estimated by different models and monthly ET, estimated by PM model
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Fig.3 Boxplots of daily ET, accuracy of different models
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Fig.4 Comparison of spatial distribution of relative errors of daily ET, estimated by different models
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