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Estimation of Future Reference Crop Evapotranspiration using Artificial Neural Networks
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ABSTRACT

Evapotranspiration (ET) is one of the basic components of the hydrologic cycle and is essential for estimating irrigation water
requirements. In this study, artificial neural network (ANN) models for reference crop evapotranspiration (ET,) estimation were
developed on a monthly basis (May~ October). The models were trained and tested for Suwon, Korea. Four climate factors, daily
maximum temperature (7max), daily minimum temperature (7min), rainfall (R), and solar radiation (S) were used as the input
parameters of the models. The target values of the models were calculated using Food and Agriculture Organization (FAO)
Penman-Monteith equation. Future climate data were generated using LARS-WG (Long Ashton Research Station-Weather Generator),
stochastic weather generator, based on HadCM3 (Hadley Centre Coupled Model, ver.3) A1B scenario. The evapotranspirations were
549.7 mm/yr in baseline period (1973-2008), 558.1 mm/yr in 2011-2030, 593.0 mm/yr in 2046-2065, and 641.1 mm/yr in 2080-
2099. The results showed that the ANN models achieved good performances in estimating future reference crop evapotranspiration.
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7|&Hse] sk AR 7F HOA| (Intergovernmental Panel
on Climate Change, IPCC) 42} H7}E A w2 R
sjel o7 5o] s 214171 FHF (2090-2099)0f= 204
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(Penman, 1948), % Penman 4! (Jensen et al., 1990),
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Ol FAIAY (Artificial Neural Network; ANN)S ujg] &4
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o835t 50| thkst Hopol|A Zie] o]FolA
stow el BAY dYgEdt ol deH EHiEs o
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perceptron)} YHZH EYT Afolol| sht o] 245

NEERS

(hidden layer)o] EAdk= F=xoltt (Fig. 1). YHF= ALl
2453 2SS M6k Qe 52 TR (summing
function)?} 4% (activation function)E 7KL glem,
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Fig. 1 Structural of multilayer neural network
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‘:}. SRR AT BRlo] glong AE ST
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a3t
o] eHAtEs HE A
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Ho] H] 25k o 7]/(1—4;5; HHM];# E—&]_/] x_q‘%_%g -’j7}5]-
At Table 1S YPARE Higtog 2AH UH7HH%/\
L5to] HRAIE 300629 7AARES} lErtEe] o EX
HwSE 2102 Q-Test A} 29 &-gof 7} =
= et

24 uiESE vl E HadCM39] ALB AlUE]2E ¥
|ato] 2011-20301 (2020s), 2046-20654 (2055s), 2080~
209949 (2090s)d 71Ak=E 100314 AT A/ 7]
AR W AR, Hax|, Bt Table 29 2tk 7|¢
e} AEes il HA7eE 2P, e

O o=
AR HAE A 79 8ol G448 Z7Hh e

ol okl 24k 02 ik 15 Agstiz o249 4 EARES Ao wetet wie] oM bS] 71
T2t HeR wigketglon, A (4)¢}F 2t 37t ZIsYol whet ARkl S7IePH e FEARRS Haskal,
o] st HYEARES STk AR Bt
1
X =Ty < W ammwse gzese A
AINA, X= BT WA, Ko, Koo = WEARE) Fofgrp @ FR/ AN G, HEnAR R 6810
2| 27poTh 7|9 A 55 f18l eAldE 7S o
4 (WF olgslel BAFIAFE wolF B9, ey 8O WHSUUT ASagS NG, A =
goll AFRLTt Uiz, & o 2 wels veny] g O ST FAshe S U4 1EEES Aol o
WSS AMS = 912 (Huynh and Sureerattanan, 2000), % Rl G Hasiel] o) G YAHSUA of
B oJof| A= Kang et al. (2003)9] AAFtollAQ} o] 4yt SERS A2 ol SRt BRTES e =Y
I 2GR rangel0.8Xmin, 1.2Xma 2] HMHE 283150 o] Bholl oFgst= Ao} 7iRtol ook . mpA 1973
AHE 200297H49] 714*kE 9 Penman-Monteith 4Jof 2]
Il Zob @ D & *Jxé% 7l SIS 2y RS 3t SRR
2 o] 83519tk
1. J|ARIZ B A= AE 6719 B gt 24U X LExE
AAst7] flste] 7k Hygol 24T REFE 1~ 2074 ¥
7|SRSE et A 7)1dRbR e flste] 7 SA7IHA] 5,0008] BHEste] S50 Sesigitt. Table 32
9] 1973~ 20087HA] & 36W%He] ARE o]gsioirt. | diE H SRS d5RY e 24t (total error,
A, 367t d¥ Farle, A7, AT, HEEARE A TE) ¥ 2439 24 Lt 1Yo WA HE s Ue
= °l831°] LARS-WG Zgs sdf dgateet $A44 & Witk Rge) WAy, S92R= 0.307~0.7009] WS K3
Table 1 Result of LARS-WG Q-Test (monthly mean values)
Ttem JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC
Rainfall Obs. 273 | 239 | 577 | 89 | 913 | 1585 | 2654 | 2654 | 1586 | 694 | 466 | 270
(mm) Sim. 21 | 235 | 446 | 769 | 957 | 1368 | 3233 | 2796 | 1398 | 498 | 469 | 23.1
Min. Temp Obs. -72 | 54 0.3 59 | 114 | 170 | 212 | 215 | 159 85 15 | -46
©) Sim. -76 -56 -0.4 5.6 115 17.1 215 21.8 16.0 8.4 14 -4.7
Max, Temp Obs. 2.4 47 | 110 | 172 | 224 | 262 | 287 | 294 | 255 | 197 | 121 5.1
©) Sim. 2.1 46 10.4 17.7 22.7 26.6 28.7 29.7 25.8 20.0 120 49
Solar Rad. Obs. 77| 102 | 125 | 150 | 167 | 158 | 132 | 140 | 129 | 107 8.0 7.0
(MJ/m’/day) Sim. 7.8 104 12.9 155 16.7 15.8 12.9 137 13.1 114 8.1 7.0

=2 A5248 A5Z, 2010
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Table 2 Characteristics of generated weather data from LARS-WG
Vonth : 201}—2030 (2020s) 2046-2065 (2055s) 2080-2099 (2090s)
a b ™ d™ a b ¢ d a b c d
Min -19.5 -7.1 0.0 0.2 -17.6 -b4 0.0 0.2 -15.2 -2.8 0.0 0.2
JAN Mean -4.8 49 1.1 74 -3.0 6.7 1.6 7.2 -0.4 9.3 14 7.0
Max 11.8 17.8 28.8 14.1 13.8 194 41.6 13.6 16.5 22.0 44.6 13.2
Min -17.0 -6.4 0.0 04 -14.5 -4.1 0.0 04 -11.6 -1.3 0.0 0.4
FEB Mean -3.2 6.8 0.7 10.0 -0.8 9.3 1.1 9.7 2.0 12.1 1.5 9.5
Max 8.2 214 30.0 17.8 10.7 23.7 38.5 17.8 13.3 26.4 53.6 174
Min -11.0 -2.0 0.0 0.2 -8.9 0.0 0.0 0.2 -7.3 1.8 0.0 0.2
MAR Mean 14 12.1 2.4 11.7 3.3 139 1.9 12.2 4.6 15.2 2.1 12.1
Max 14.1 24.9 94.3 22.4 15.9 26.7 68.0 234 17.0 21.8 714 23.4
Min -3.5 4.6 0.0 1.2 -1.7 6.4 0.0 1.3 -0.5 7.6 0.0 1.3
APR Mean 6.7 18.0 3.2 14.1 8.5 19.8 3.4 14.7 9.8 21.1 3.5 14.7
Max 18.8 30.9 133.2 26.2 20.6 32.6 138.5 27.5 21.9 33.9 147.9 27.5
Min 2.7 11.8 0.0 1.1 4.4 13.6 0.0 1.2 5.6 14.8 0.0 1.2
MAY Mean 124 23.4 2.9 16.2 14.2 25.1 3.1 17.3 15.4 26.4 2.7 17.1
Max 21.1 33.2 97.6 29.4 23.1 35.1 112.2 30.5 24.4 36.4 100.0 30.8
Min 9.0 17.5 0.0 1.2 11.0 19.6 0.0 1.2 12.3 20.8 0.0 1.2
JUN Mean 184 21.7 4.0 16.4 20.6 29.9 5.9 16.3 21.9 31.2 5.4 16.8
Max 25.3 36.6 172.0 31.3 27.4 38.7 275.3 30.8 28.8 40.0 254.8 31.9
Min 15.3 23.5 0.0 0.7 174 25.4 0.0 0.6 18.7 26.7 0.0 0.6
JUL Mean 23.1 30.4 9.1 134 24.9 32.3 17.1 11.9 26.2 33.6 15.4 12.4
Max 28.5 38.6 376.7 30.0 30.2 40.4 726.7 27.6 31.6 41.7 656.7 28.7
Min 10.7 21.7 0.0 1.2 12.9 23.9 0.0 1.1 14.7 25.7 0.0 1.2
AUG Mean 23.0 30.8 114 13.2 25.1 33.0 17.5 124 26.9 34.7 15.0 13.1
Max 28.5 37.6 298.1 26.3 30.7 39.6 491.1 24.1 32.5 414 429.0 25.3
Min 3.6 15.9 0.0 0.5 54 175 0.0 0.5 7.1 19.2 0.0 0.5
SEP Mean 17.1 26.8 44 12.8 19.3 29.0 7.3 12.6 21.0 30.7 5.6 13.0
Max 26.1 354 217.3 24.6 28.4 37.6 365.6 23.7 30.1 39.4 282.1 24.7
Min -3.5 7.9 0.0 0.1 -2.4 9.0 0.0 0.1 -04 10.9 0.0 0.1
OoCT Mean 9.9 21.1 1.9 10.6 11.0 22.2 2.2 11.0 12.8 24.0 1.9 11.2
Max 21.3 31.1 117.3 20.8 22.8 32.6 166.1 21.1 24.5 34.3 131.6 21.7
Min -13.2 -3.4 0.0 0.3 -114 -1.5 0.0 0.3 -9.1 0.8 0.0 0.3
NOV Mean 2.9 13.5 1.7 7.6 4.5 15.0 14 8.1 6.8 17.3 2.0 7.7
Max 16.7 24.9 83.6 16.0 17.9 26.1 78.8 16.8 20.0 28.2 92.6 16.7
Min -21.8 -6.5 0.0 0.1 -19.5 -4.3 0.0 0.1 -174 -2.1 0.0 0.1
DEC Mean -2.8 7.0 0.9 6.8 -0.4 9.3 1.1 6.7 1.6 114 1.3 6.6
Max 10.7 184 40.7 12.2 12.8 20.6 36.9 12.3 15.0 22.1 52.3 11.9

" a: Min. Temp (C)

™ b: Max. Temp (C)

™ ¢: Rainfall (mm)

™™ d: Solar radiation (MJ/mz/day)

on AAAS (RHL 0.658~0.8322 0.6 oA Zre Ut Square Error, RMSE)= 0.275~ 0.658 mm/day, A E+4
o] o] Agro| AAEIc) AL} (Root Mean 2} (Relative Mean Absolute Error, RMAE)= 0.098 ~
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Fig. 2 Scatter plots comparing calculated ETy by Penman—Monteith method and simulated ETy by ANN for calibration data

(May ~ October)

Table 3 Number of nodes in hidden layer and calibration
and validation statistics for each month

Calibration Validation
Month | ny" | TE" R | RMSE | RMAE | ., | RMSE | RMAE

(mm/day) | (mm/day) (mnvday) | (mnv/day)
MAY | 10 | 0.423 |0.832| 0.443 0.098 (0.895| 0.377 0.080
JUN | 19 | 0.605 |0.803| 0.536 0.115 |0.886| 0.611 0.143
JUL | 14 |0.709 |0.796| 0.602 0.125 |0.882| 0.563 0.145
AUG | 19 | 0.629 |0.817| 0.658 0.148 |0.919| 0.404 0.085
SEP | 18 [ 0.307 [0.783| 0.393 0.110 |0.857| 0.352 0.095
OCT | 4 ]0.187]0.658| 0.275 0.132 [0.724| 0.301 0.133

" Number of nodes in hidden layer
™ Total error

0.148 mm/day¥] 72 Yehdlich 2459 4 kT4 54
1070, 693 8YL 197, 79 1470, 992 1874, 10€
N2 AAESIE Fig. 2+ 9 ARSI dE5ng
O3t &9} 7|12 FAFEARES 111 JE2 FAZE Ao
o} 2o HAAT Y8 A2 o 2nE BT Skso)

avpFo o]2ojR3S & - Yk

20039EE 2008W71x19] 7|AAE 9 Penman-Monteith
Alof| ofel] APYH 7| AASEARE 7k ol 8slo] BFS A
Z3199ch Table 37} Fig. 32 239 AZAnE yepditt. 5
A~ 109714 Zzte] =39 R*S 0.724~0.919, RMSE=

[e)
—

[e)
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0.301~0.611 mm/day, RMAE+= 0.080~0.145 mm/day= &
o7t AENE W ugste AOR vebdel. Tt 1099

A% S0l ol E WA 29| WS Holuhs
22 9l3) mye] Hgdo] B2 mael ujs) Wi Yepith
3. el HMSEAE =7
HadCM3 Al1B AU 22 ALato] wA 7] Al 714}
29} 4R FE AT oERFE ol galy v

AT EIAES mofskih. LARS-WG 2g& 53 44d
2011-20304 (2020s), 2046-20654 (2055s), 2080-2099:
(2090)9] 1008} 7134t =S ol83tod AT EIGS 1o
stolom, BojE 5~ 10Y71A]9] Ui AfEHiAERS 1|
oelE Fbste] A7t AT EARS APskelth AR o
7F ARk W A2y 17} (1973~20084) <] A%

= 27
dkakeko] WO the Table 49} Zth @A) 1973~ 20084

7] A RS AR Jé'& 549.7 mm/yr= UERFoH, 7]
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