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Abstract

Evapotranpiration (ET) is one of the important factor in Hydrological cycle and irrigation planning. In this study, temperature-based artificial neural

network (ANN) model for daily reference crop ET estimation was developed and compared with reference crop evapotranpiration (£77) from FAO-56

Penman-Monteith method (FAO-56 PM) and parameter regionalized Hargreaves method. The ANN model was trained and tested for 10 weather stations
(5 inland stations and 5 costal stations) and two input climate factors, maximum temperature (7},,), minimum temperature (7,), and extraterrestrial
radiation (R4) were used for training and validation of temperature-based ANN model. Monthly reference ET by the ANN model also compared with
parameter regionalized Hargreaves method for ANN model applicability evaluation. The ANN model evapotranspiration demonstrated more accordance

to FAO-56 PM evapotranspiration than the £7}, from parameter regionalized Hargreaves method(R-Hargreaves). The results of this study proposed that

daily reference crop ET estimated by the ANN model could be used in the condition of no sufficient climate data.
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FAO-56 PM¥:2: 7170} Aiglo] 41 A7 ch-iie] Ao}
off 283 4 gl Aol YA 7 EFARE AL Sl

(

Ae B2 71T Badt d3do) k. 71 Rt AR
H 7 FAOE 7|22 & The o] 8ate] 7|5k A

43 4= 9)= HargreavesH-& F%15kaL Qlr} (Allen et al,

1994). Hargreavest-2 7|AQIA} & 7|20k &-85l0] &
S} 4= 9l o] 9oyt (Hargreaves et al., 1985), &4 F=¢t

9] ool 7|17t Aut ARgo] 7hEsial gt W o]F
(advection)of| o]} F/a}A A E]= EAJo] 9lo] o] B
est7] ffsto] AREEE WiAEE A3} stojof skt
7(40] oh;].

Hargreavest¥] ] ©Ha-& =2317] $J51o] Moon et al.(2013)
< YUk 71554 gl 707 AFol dhgh
Hargreaves' ©] 2|93} vfj7j4=5 A|AZE v} glom, 7]&
HargreavestH 2.t} 2|93} wfj7fH~E #-8-3t Hargreaves™
(¢35} R-Hargreaves)S 4-8-3h= o] 5ol S-S Hel
Sl

VAET} el Sl A% 71e] EA] Zwe] 7]
FZUAF A Aol Slelel slolel 7Iukel
Ol FAIAY-S 5+83] 7|ZZHRAEF ALY ¢15L7} 20004
o] 2hiks}A| $8)%]o] ) (Kumar et al, 2011). 2154l
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B8t 714 A7 ARt
7 EFUAIES A s}% 8% 714 QLakel kol
A g5l A7= FAO-56 PMW 1} H]
WLele A7} olg] ATAS olstel sam u )
(Sudheer et al., 2003; Trajkovic, 2005; Zanetti et al., 2007,
Wang and Kerh, 2008; Trajkovic and Kolakovic, 2009; Gocic
and Trajkovic, 2010; Lee et al., 2010). QJ-FAAYEHS &-&
3 |EF A A ATE ATAFYS TSI 82
Hslol w2 W Ee] FHS £ Aot 71T AlgkE
A 7S s ©
on, 7|ESUAIRFE) AP BN FAO-SS P 23
o Wme HolE FUsickn ¢ 4 9k
2 AtollAe d HWHA7E E8ste] 712719 7]
EFUAFS A gaAgle 2
TR s ele] AREAE 717
PMH I} 7|25 S AP A TS vkl =3 7]
714k 715 A A8 " Q) R-Hargreavest, Q14178
8} FAO-56 M| 7|25 404k AP ATHE: vl maka
21842 Brkstack
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Table 1 Description of weather stations used in this study

NAes )
R-Hargreaves ¥ 9] H|2E $J5}o] 20119 ~2015 714]
o A=2 BeIYE

28313

10

1 1o
r* o
rlo

%71174]2] i\r% 47H/\l’\‘5“ ”74] o]
ﬂ#ﬁ olck. 2o AAFUAES 7&4%%%%
(reference crop evapotranspiration)} 2274~ (crop coefficient)
£ F3lo] A ETE FAOO A+ FAO-56 PMH-S 3491
7|&Z A AHY 9 grhabg o 2 A A3k} Qi Allen et
al., 1994). FAO-56 PM®-2 Penman 3419 37593 24
oﬂ A& oﬂ tq—_% 7]—1—Z1 ) i?ﬂ—o]-o:] 7(-16]— HO]— O]U:]
FAQ-56 Penman-Monteithto|A] 7]|&SEARES AH% '8]-7]

S HWAA7| L, HWAA i, BA (E
Az 2 BEEE @ m o)l As7h AgEn) A (1)
& olgstel AP 4 Qlck

900
0.408A(R, — G) +y—acs T3t

A+~(140.34u,)

uy(e, —e,)

ET,=

~

)

o7|A, ET,=71571&5 WA (mm/day), A=27| =
A9} 71&7] (kPa/C), R, =AHZHE) A 2581 5
Huli= UR|(=GARH (M Pday '), GCEYF @ 74 U
S(MImPday '), =25A A= (kPa/ C), T2 m 3£0]0]
A dBHF71 (C), uy=2 m =oAL (m/s), e, =33}
71 (kPa)Z UERHT

Weather Artificial Neural Network
. Latitude Longitude | Elevation(m) R—-Hargreaves
Station Train Validation
Daegu 35° 53 128° 37 57.3 1962-2010
Daejeon 26° 22 127° 22 62.6 1969-2010
Inland Suwon 37° 16’ 126° 59 345 1964-2010
Jeonju 35° 49 127° 09’ 61.0 1962-2010
ChunCheon 37° 54 127° 44 1455 1966—2010 2011-2015 2011-2015
Gangneung 37° 45 128° 53’ 26.1 1962-2010
Mokpo 34° 49 126° 22’ 37.4 1962—-2010
Costal T o,
Ulsan 35" 33 129" 19 34.6 1962-2010
SeongSan 33° 23 126° 52 18.4 1973-2010
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Lt. Hargreaves'#

Hargreavest2 29} X|FHof| =d3dl= LA (solar
radiation, o|3} RS)o| 7|4lslo] 7| 2ZHAERS AP E
Hargreaves7} 1975 o] Aokt 73 & A](Hargreaves, 1975)2.2
4 @9 2k

ET,=0.0135X RS(TC+17.8) ?)

7|, RS= M| =l ARl etk &2
OF T 4] (Celsius)] B9IS ZH= B 202 2717]
23 HA7|20] Fats F3l AP %= gholt). HargreavesH
o] AAE o] 3 AFAT (McVicker, 1982; Jesen,
1974; Slih, 1984; Salih and Sendil, 1984)= th=E0] z]lo]|Af
B2 ot YA AtRREe 2 V)% V&S S0
FAT 4 S-S YERAT} (Hargreave and Samani, 1985).
Hargreaves -2 Hlgho]l 2|5t 0|7 (advection) E3}H7} 75|
U= A ollAl= sl A oof sles HAste] ALg-sted
of gith

E3h YRR (RS)yE AA 501 7] ofgfe A9
o] A% IS AYARE ol8sto] ti7|d v AR
(extraterrestrial radiation, ©]3} RA)E A3 & 0|5 E3}o]
RSGE 78 & Sl TARE A Q) 2ol Akt
(Hargreave and Samani, 1985).

RS= Kpgx RAX TD" 3

7| A, Kpe= BAAS> (calibration coefficient)o]™, 7D
+ a7k A7]22] 2fo]E VERT]. Hargreaves and
Samani (1985)= RSE A3 F617] ofef2 x| <ollA] Apg3t
T TS A 3)E A ol thdste ofl A (HE AlAlsH
et

ETy = Kypx RAX (TC+17.8) x TD"™ )

A7, K= TAol  usjLolc).
Hargreaves and Samani (1985)+ t|=} California Davis2] 8
7t 2ol AJulE (ysimeter) ZAAFR-S AMESL0] K, 0.0023
2 AAskck

ol A= Moon et al(2013)0] A=t 707] 7|ATZ AR
£ gg3sto] Zizke] mEA K gk 4] ()9 TDF Al

(exponent) g2 0.500 4 0.58= =7sko] AAIRE HE Qlrk
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Fig. 1 Structure of typical multi-layer neural network

=
E3k~ (sigmoid function), =41 BFHIES: (hyperbolic
tangent function, tanh) 5-2] H]A1g g7} =2 o] &-Erh Al
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B Al AGOR 25 4
= WS o83y, ol o AHut ¢ate]
ck -propagation algorithm) o]} $tt}. Ql-FAI AL
S 013 4 A Y
S 2] WAREH (supervised training)©]2}3l 3}
g et al, 2003), 4 (5)3} 2] EALIc
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ofk
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=
o)

a3 1

E=g L2 = )° ©

A7VA, = Sk, n=d59] EHF‘J T m=F FETe,

yum 459 289 %& -
=

5} 01"?:1 (gradient algorithm), H
(conjugate gradient descent method), Levenber-Marquardt &3

£ So] AMgEih

descent oA /\}0}7 e

Y T HargreaVGS‘?S—J ?Jﬂ%
Azl FAstH, di7]d H QAR AL EE BE5to]

ol FAIAY 2 xt72 o] HE U4l ZF(Learning)S
Z=3)5l= WA (interpolation) ol d|G3sEE T ol o]Lx]
= AR0] 7|710] 248 FoF wal] 7 BEso] BEA

AFEE 201097422 T2 glo|E 2 5k9.om, 2011H5E
2015G7MAE Q- FAI AL RS A (Validation)7|7Ho.2 A
Aotel Az FEstch

Zupbe o] W87\, W71 S| LajElo] 414
Elojof st A8 A57|7kak WAZIZI SUHH 1097
A ol Tke R sol g FESUCh

ol FAI AL R F o] olgxtgr} AAEH 1y FLS 23}
243 (hidden layer)®] ZZ-= 4= 23 (activation
function), <5 (learning)=H, A%< (loss function)S 24
stojof gtk 243 (hidden layer)©] q;a E St ga%
o HEE 74 3, eiel
Sy duels 5ol wel Eebdth (Kumar et al., 2011). Lee
et al. (2010)0] | ZAATTHL 7| AFTE 20 st T
7191 sEHE 109702 = 4835 ?é‘ﬂr deEF ==t
) @ADL, 74, Qh of HHe] 4
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= 7lellA 197] 742 L& Aolsittal 61¢low, Kumar
et al.2002)= QANFAFFEG S o83 7|EF AT A
A £YF A wEhl AR 1w ()] nret s,
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2|49 e AAs] 3t A E7 AR B
@2} (Mean absolute error, MAE), HFAlH522} (Root mean
square error, RMSE), 2774~ (Coefficient of determination,
R) 7he ALt

29| FAISISI (activation function)> UWHA O & A}
Lo A|T1H 0| =3k (sigmoid function) & AR 3}93\11} Sl
ZAALRFEL oEztz o] Al 7| uj$ vizksick
(Kumar et al, 2011). waba] JExE HAj& F7)0) 4
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& (leamning rate) 47454 Yobe &= x| Sirh
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Table 2 Number of nodes in hidden layer and calibration and validation statics for each stations(observation start time~2010)

e ) Training Validation
S N, MAE RMSE R MAE RMSE R
(mm/day) (mm/day) (mm/day) (mm/day)
Daegu 9 0.502 0.584 0.760 0.501 0.575 0.778
Daejeon 9 0.426 0.510 0.786 0.415 0.441 0.838
Inland Suwon 6 0.391 0.466 0.793 0.437 0.498 0.787
Jeonju 5 0.365 0.447 0.818 0.403 0.489 0.808
ChunCheon 7 0.367 0.455 0.829 0.362 0.429 0.850
Gangneung i 0.545 0.655 0.733 0.569 0.647 0.756
Mokpo 7 0.487 0.534 0.695 0.464 0.458 0.736
Costal ™ isan 4 0.483 0.549 0.735 0.495 0.584 0.728
SeongSan 6 0.544 0.542 0.604 0.567 0.566 0.578

" Number of nodes in hidden layer

AHH %“d 3 HSAE = FAO-56 PMR 9]
J 45199 ct. Table 2= 47]17] (59—J

U 7|EAF AP FAIAY wEgo] AT Ao
Bt 22k (MAE)+= 0.365~0.545A 0] 713 Uetylch WEA|
o19] 7% 0.365~0.502 9] gro| Yebgtow, kx| o
e 0483~05459] W91E Yech FEAELeAt
(RMSE):= HA| Z-o| thato] 0.447~0.6552] HEE UERY

on, YEAIL 0.447~0.584, 3|oFR] 9L 0.531~0.655
o] WS Yehfigich AAAS (R)L- 0.604~0.8292] <]
2 yehyiglon, YEA] 2L 0.760~0.829, dj0HA] 9L 0.604
~0.7359] WS YERRSITE AAAS R)E 060142 3
< Yepfjo] mgo] HgAdo] A= gl oH, QAFAlAT
A4 4 24T LB 4R YEReH, EA]
o] sfiekA| o] H|3f| FAO-56 PMAe] 23t 7|5 il 4Hy
At 77k gk Yeto] diid o R =2 {84
MEP.
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H91S Uehitt. FFAEe A} (RMSE)= X*x%l A%l o

A 0.429~0.6472] HOlZ Ul o], WEA| AL 0.429~

0.575, QA

oL 0458~0.6472] HolZ UeRdth AAA S
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1
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Jeonju(Train, 1962-2010) - Chuncheon(Train, 1966-2010) " 10 Gangneung|training, 1962-2010)
RZ=0.818 7 Re=0.829 L:tline R2=0.545
5
Z
T = T
= 3 Es
Eg T o
£° £ &
d = zs
& o B
=3 23 4
H 2
s "
5 .
1 . 1
N 1
1 2 3 a 5 5 7 8 T 1 2 3 4 5 6 7 8 o 1 2 3 a4 s & 7 8 9 1w 1
FAO-56 PM ETo {mm/day) FAD-56 PM ETo (mm/day) FAO-56 PM ETo (mm/day)
o X 1:1 line : 1:1 line
:1line Ulsan(Train, 1362-2010) Seongsan(Train, 1973-2010)

MokpoTrain, 1962-2010)

R2=0.695 R2=0.735

R2=0.604

ANN ETy (mm/day)
w ® w

ANN ETo (mm/day)
w " w

ANN ETa {mm/day)

1 2 3 5 5 6 7 s N N 3 : - N . 1 2 4 6

FAO-56 PM ETy (mm/day) FAD-56 PM ETy (mm/day)

FAO-56 M ET, (mm/day)

Fig. 2 Scatter plots comparing calculated daily £77 by FAO-56 PM method and simulated £7; by artificial neural network method for
training data

Table 3 Statics of monthly evapotranspiration estimated by ANN and adjusted Hargreaves method for each stations during test period

(2011~2015)
S Artificial Neural Network R—Hargreaves
o MAE RMSE R MAE RMSE R
(mm/month) (mm/month) (mm/month) (mm/month)
Daegu 4.720 5.869 0.951 9.533 11.809 0.949
Daejeon 3.995 4,759 0.991 6.137 7.909 0.942
Inland Suwon 4.340 5.317 0.955 4116 5.041 0.960
Jeonju 4872 5.973 0.940 5.419 6.489 0.933
ChunCheon 3.985 4.907 0.982 4,785 5.883 0.966
Gangneung 8.211 10,169 0.909 8.242 10.356 0.855
Costal Mokpo 6.057 7.27 0.890 13.322 15,158 0.736
Ulsan 6.097 7.080 0.916 7.074 9.014 0.871
SeongSan 5.905 7.367 0.839 9.310 10.653 0.672
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1:1line Suwon (Test, 2011-2015)
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4 5 6 7 0 1 2 3 4 5 6 7 8 5 10
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R2=0.736 7 R2=0.728
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- 11 ling 11 i
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6 7 8 [ 1 6
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Fig. 3 Scatter plots comparing calculated daily £7;, by FAO-56 PM method and simulated £7; by artificial neural network method

for validation data

Table 3= 97} 7]AF=42] 2011W L E 20154 W9l T
A7] (5€-109) 7|4AETRS Egato] AFAE YR}
R-Hargreavest{ o] €49 7|&Z4bieF AP A0S FAO-56
PMH] 7|54k AP Aol 72t vlugt AukE vepd
Aot
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