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The Temporal Disaggregation Model for Nonlinear Pan Evaporation Estimation
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Abstract

The goal of this research is to apply the neural networks models for the temporal disaggregation of the yearly pan evap-
oration (PE) data, Republic of Korea. The neural networks models consist of multilayer perceptron neural networks model
(MLP-NNM) and generalized regression neural networks model (GRNNM), respectively. And, for the performances evalu-
ation of the neural networks models, they are composed of training and test performances, respectively. The three types of data
such as the historic, the generated, and the mixed data are used for the training performance. The only historic data, however, is
used for the testing performance. From this research, we evaluate the application of MLP-NNM and GRNNM for the temporal
disaggregation of nonlinear time series data. We should, furthermore, construct the credible monthly PE data from the tem-
poral disaggregation of the yearly PE data, and can suggest the available data for the evaluation of irrigation and drainage net-
works system.

Keywords : pan evaporation, temporal disaggregation model, stochastic model, MLP-NNM, GRNNM
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S(MLPNNM)S} R3] 3113 GRNNMS.2. 74510 SIck, el ARmeas) St
zzaa 5 HlLao e e A amEdel ReoE siak A2 me) 0 EgARS we A /A
: 359100, Bl ER RS A ASART o8I B A7E Baje] n1HA AL A0
#3512 SIa1A MLPNNMZ GRNNMS] 4842 #7810, AT} 9 ZuA) Zek Age) A7k Releie 41
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%‘%‘3’/}7‘3*‘% A4 g sAAR1 SEAIZE Y] oo}t &

TS YR, S0 o3t ATl
% TARY] BUER, A2 2, WibeAlEle] A
Ao} BAAGo] Aojr F23F QAx}o|tHMolina Martinez et
al., 2005; Gundekar ef al., 2008). =LA L Yulkzo =
AeFo](Mass transfer)e} & A Wi 22 7%90
Wl SJate] ASE] AN, T ASS AT ARHAS
WS s SPEA] SEko|CH(Eslamian e al., 2008).
AYEI Je 2 78S AFAE HIEst Wl =24
E7l e BE X ]71‘401] tiate] SWHAE AAgTE A
Hg Ao, Jeglt ASEF7F AXE F QAU =2

=

@27} oH2 AL 5 e A9S 7}11E 2 53 B
)& o|th(Kisi, 2006). ZHHAIY] 018 =1ZS] A3k}
504}, o] i, 2/ 32 tE FES oS f=
o] o] gt ope}, T A5 FAEE AAIE &
© A 7] FAEAIE 22 AAFR] Al st
32 W=T(Jensen et al.,, 1990). FHA|7} o]&=
e oMY A S 40 digh ATe
sz}, FER; 9 7PFslEeAE Fag ouE 7R Q)
THKisi, 2006). S ApAE gl A w9 415k vy
A, A L] T8 gk A= P2
of oA AR IS Uehd F e RS F
3l A & 4 AoK(Kisi, 2006; Eslamian et al., 2008).
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AEelES o83 B33} 7Y 284S SHst ok
(Keskin and Terzi, 2006; Deswal and Pal, 2008; Rahimi
Khoob, 2009). Sudheer er al. 2002y Aol 2-S o]g&}]
Class A SN 3L dSS AESOH, o5 23
e 71E2] F2] FollA Stephens and Stewart 3-2]¥} H]
wEAT. A5 o8 F e TVRIAESH S

=)
FEE, AR 2 T3 22 d59 7PRRIAES] A
Ak Z31S o831 tE Bruton et al(2000)2 YUBERFEZ
A B5E TPRIAES ol 8dte] o A S A
Aot AW MEE o838t g o A S
ZS USAES|AEA L Priestly-Taylor 3212 ©]-8-5}]
2Hsiler, AW el Aupx|et vlwslsity. 152 7
T, 25, HYE i B 35 2 3159 7PRIRES
A-E %S o8&k} Kisi2006)= B 7135
HEE o] 83sle] d A SEFS F93= 7=
|2ES o3t I FEIARARES 25l L%, H
FEPAL, FE, I R duisEst 22 #1549 7Pl
A=) A-3 23S o839t e ol8 4 Qe 7]
kA AlgzRE SgdS ByslslEt oA w2
ARFo] FFHoF olgd F Urke AS eI =
g Kim and Kim(2008)> -2luzlila] o S S
g gy} 7|ESEe] REskE flste ftdare]
ol UAlE AAHRES o]83lgom, dHTiro] Bt
A BAE Bok] HHRYS dAste, 7HEsA 2 Wl
v Al=glEfAl s g FaAsE AT & e S
Al S 2 dge) Ve AsE PSSt
TS A S APl oA FAIEE 2
AR EES AR AR 3L 352008yt
¥4 RN SEEE € 42y VIS 2yslE
S8t FASH 2yy) AAURES AAlgE Bk
< Wdete] Agaidt. 1 Ay FeHE o83l
g} =Eog o U S 9 ¢yt Ve
SRS T 2E3} ThssHl =k ey e
2 FEE 22 HAY AAGAE tig a2l
2o At 9 FHgo| g A (Burian er al, 2000,
2001; Gutierrez-Magness and McCuen, 2004; Tan, et al,
2007; Zhang et al., 2008; Choi et al., 2008y= =3¢ 73
o] JAE, A FERAA] FLIAEE € SUHA SR

1, 12 O

N

ik

-

B 2Eohs A7 oM FHEA B

2 a7 5He fEuRt 8 7PRSaeld d5E
A STHA SEFARE ANE F 7 AEREES
olgste o LA FLFARRE EPjslast Ik A4
YRS AE3 AR Eelnde] T F8S 2l
TE FHAEE Al 1A FRE olFolAH, A4 A5
2w, LoAR GARH 2EE olgse] modl) ¥l &9
AR ASAES FAE S ol8slo] HoPRYAR] &
PmE EhE A7 FAE o T 4
I 488 HA WpETE ol8sle] ASAEEA HAE
IS AAstarat gk B3 B Agelie AN EES
olgst] e Sl € WA FEFS Y F Si=
A Zei gl site AAskaat
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2. MBYRYD FEA 22

I

21 CISHMEE MZPYZSE(Multiiayer Perceptron
Neural Networks Model, MLP-NNM)

APHH O E MLP-NNMS Y83, ST 2 1 Aol |
7N B T ope] eyZor FAlRo] 9lon ZF ZojA
o] e I thy T =Eoh S (IS dZdH 3l
o} w3k B A4 MLP-NNME Z-g3h= 3ge &4
2 HEEAYow FAE ot dnkHos FHags
E3td MLP-NNM®| HA viZiisE 24stH, 249 v
NHSFE o] 83l MLP-NNMe| H|2~EAHS S8t

o

(Haykin, 2009). ¥ A7o)4 &% MLP-NNM2 245
l, 295 ==v 1270, 8% =55 = 1), Ho it

™1

B3 10,0008], 23 YAAE 0.0012 AG3IAT) 5
3t B Ao M= QuickProp SAT} FHLFES o]
At A B AollA] Z-8F MLP-NNMS] &8
=AM 14, 62 E 1299 === T A (la)-
2ol yehd 4 glom, thg Fig 12 # A7 2%
MLP-NNM 7%= Yehd Aot}
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PE(t) = D, z W6j'®1[z le.-PEy(t)+Bl}+B2 (1b)
=1 v=1

n 12
PE12(1)=<D2{Z Wiy @, szi.PEy(t)+31]+821 (Ic)
j=1 =1
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Fig. 1 The developed architecture of MLP-NNM
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2.2 UdtstEl 3| HAMHUR S (Generalized Regression
Neural Networks Model, GRNNM)

2 Ao A8 dutstd 3]ANELEE (GRNNM)>
WA 7| %84 A7 ¥ (Radial basis function neural
networks model, RBFNNM)2] HEH ejo] A7 go]
Tk GRNNME 48Z, 2495, s 2 249359 419
FoF FAHNeH, v 370l 7I2E & 8%
2olt}. AT, 249F 9 T Ee s dAd T
zx2 PAE o, FETY xuv WY == F
2 Zgt 4] FHojirt. FAFS(Summation layer)yS &
2] 7le] FAF=Z=(Summation node)S} 3} }2] A|HE==
(Division node)®] 2&F2] ==& FAE o] it} k=t
F= YT 2= FYEE ARfEE oW Holdk
S ARESHA] @a 2YFEE9] 7hE 3ol fh(Weighted
transfer valueys ¢ 27 2Th GRNNMO| 7t 835
Ee e ket AHeER AdE] o, ¢
2 SES Alole dAdER FAE] IA wth &
YT AL e e sg Y ARk g
A== HE AL o= vro] AP8gitt. GRNNMS
HIe MLP-NNMIR= 4338] tg s 7HaL

P 29T AololMe] FH3d2 RBFNNMS] 7
$AH AHE-FH (Unsupervised training)O 2 TAJEoJA] K-
meanstt OLS ¥3g|Ed} 22 5¥st #¢aelss 38
2 3, PgaElEe] W E1lo] Al Al A%
&o] Zof gt} mgh 2495 kS Afoloxe] FHA
< 24T Skl tiste] HaAlEeate] Hasl
Aol 7125 & A=FH (Supervised training) = TFFETH
(Specht, 1991; Wasserman, 1993; Tsoukalas and Uhrig,
1997; 7/4< &, 2001).

GRNNM®] 853} 24FAtole] Adg == eHlEl
Zb xolx FARA wiE AR gl Fietel i AluEe

2 Yepfia 9o, o 4 (2)9F Zo] el 4 o
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Ri= |3 Gt 2
i=1
7V oA i, jo A7 48 edEe vehin
Ao, Ri= AHHEE Ale]o] WHEARE VRl A
B TR 4 ()% 2ol ek 4 S

T

X=[x],%p,...,%,] 3)
oJ71M WAFA s TRy 2] (49} 2ol veRd &= ok
=9, 0,1 (4)
agar A 2 the A (5)9F 2o] vERd = ok
R=]|x-U"| )

q71A ||. k& +ZE= A2l(Euclidean length)°|th. RE
243 ool @(-)H8s T 4 (67 2ol Y
B o ok

5= 0 (R) = &, (1X-U")) ©
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A AFRET B AelaE 7FAIet SE4GKEY) AL
gERon, Auezto] 0 9ol Ak 10l 4
wElsl F4jole] Azl el Web ZeEs) @
& 271t GKFE TR A (7)) o] Yer 4 9t

- 2
X~
D, = exp(—BlR;) =exp 1:21( i) @)

202

1
714 B ;2 o® UERL BE AT @ 7,
B W71 £ Yo Qo e 59k &Y
Z3} k2o AAZTHE ] Al AuxE won the
2 (8)7} 2ol LfER &= 9l

=Y WyS;= Y Wy @, (X0 ®)
j=1 J=1

714 olHAL e S, T TR Ak, Wy
T 2957 S Alold] AARES YeRH A (8)=H-
B oMY 1, o 212 sl Az
R A (92)-(9d)2t 2o vER = .

S, = @Z{ 3@ (Y- U(’)I)J (9a)
j=1

S = %[ 3 W@, (X~ UU)l)J (9b)
j=1

Slzd)z{ ZWLZj'¢’1(|XUU)|)] (%)

Jj=1
D= 3 Wy @, (-0 (9d)
j=1

A7IM @y - )= FAFES] Holdkroln, & dAFoxe A
o] g=(Pure linear transfer function, PLTF)E ARE-3}31t},
TS S 1 bEes=e] Ak gk, Se2 68 Fhbeso
Mk ZE, Spe 129 s b Fholal D2 Al
Himso] ik ks e o viAte R ST
o] Fe Zb ke e] ik gke shue] A==
Mk FhS ©E3] URrolA FAdEle] itk £ ATl
Z-8%E GRNNMY| 8% =534 14, 62 9 1299
FE= TR 4 (10a)-(100)2k o] vepd = )t

Sl
FEl(t):D_l (103.)
S6
PEG(I) = D_] (IOb)
_ SIZ
PElz(t) = D—] (100)

rr

A7M PE(pe AREE 19 SERHA S, PE(E 7
A 68 SR SN PE(y= AR 129 S
AN Sl & AFelM A8E GRNNM= 243 |
N, ez AlEE 207, &9F e 1270, S
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Fig. 2 The developed architecture of GRNNM
E=EFE 134, 85 =55 120, H vESlee
10,0008), 23} AARE= 0.0012 AT E3 B AT
oA R &=FH (Supervised training)2] “3-%- QuickProp &7
I FEGIEES o83t T Fig. 22 £ Aol A
£¥ GRNNM 75 YERH Zo|th

2. 3 FHx}t 212|F(Genetic Algorithm, GA)
Aol A GAoll ©J3F GRNNMY] FHAAL ez
E9Jr w7l AAAEe] 2718) PO ZRE] AT
o GRNNM®] Z8Folxje] ARkAQl Qxk= H23]
HHHZA AlkElo] Ao} w3 SRS G20 Az} 213
® o] B &(Global solution)oll EEdh= AL ZXE
3l shue] AdlellA ok MUE wHEEo] Zi). UukE
O GAolA ] A7)e] thyt AL 7 H2ol w
A FES 7IABE ool tigk F7HAQl ) Besith
(Deb, 2001). W&t £ AFores JA7= BAE 95t
of Aol BTe] A7) 10008 AAste] Amaile
B, HAe] 1%k AR 8= 204l tiste] ks
o= FuEshke Y 9 ABEUREYY SEIA AHE
gozte] i =2 wizhA] g AdielA o AMtiE
WEEe A4S At £ ATelA GAS He3y
< 3 WA FHREE o83l GRNNMS FHA[7|=
Ao, F W= 3 WA FAAolM F48E GRNNMS
olg3to] HAEAR e HHdS sl A WS
7\5‘53]—‘5 Zolth(Kim and Kim, 2008). GAT® Z UHZF
o ‘:H%J HERIA} 54 (Multiplier)s 23l om, H]
o}OE] a-/\ﬂy Ho _.i GAQ- A]_g_a_;q oJ—_‘g__
%E‘:} AR —% = H ZgARt H2EAE tiele] 7
92 & U= GRNNMS 74 & Aot

(Neuroshell , 1993).
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3. FAsH 28

FN A AlsHT B8 T4 2713 A (Periodic
Autoregression, PARYZ &0l F71449] olxdt wi7fasE
gt gPgeh ANEE O PARMA(p,q)= YERATE A
2] PARMA 2382 F714Q1 FZAAIEe] 2aslol A}
490 o2 571 PARMA (1,1) 28L& o 4 (1)
2o] vepd 4

yv,‘r:#1+®1, T(yv, 1_717/[[171)-‘1-5‘)’ T Hl,‘rgv, —1 (11)

o714 ve WY(year), r= A& (Season)®]il 7=1,2,...,0
o ARTE vehlaL ok A (1 Ze B¥L 7=
24 FEFAIL FEHckSalas er al., 1980). ¥ AolA
£ ANTEAL A8, 200814 2 S
ao]: 2 pPM _-_)\10]] o) A= o ) oLvJ-vq. A= 12 2k
dAEE B IMAA 7P Fo3 43S F=F PARMA
(1 ) Fe oSSt TEjal ROpRAR wEe He]
0= o, 5000l TH= d SLHA S
«] Y Az 2ojE AkE Tl A WA EEAkEe A
gehA] egtor, = WAl REARES Adesisit). B3+ W
A AR 2710) BT B BiaE A 915}
o 2719] 50d A== AASIACH, ZF PARMA (1,1) 23
9] w7 2AF FHA2ARSH (Method of approximate least
square)yS ©]-8-3l AP THKim, 2004).

4. ATTINS] MY U Xp2

2 Aelrts 713Ae #=] sl sl= Te7he] TVde=S
& oM 7V ARe] 7157kt 1 371, 571 2
e AuE BRI Qolof s, 7 AAS ol

e A9 EAXY AFEe] 24E V3

e Hel wassch ge AT

m{m nur
i My N

}\O]-?__‘_I—L-\__ :IE o]"g‘, O]ﬁ, ‘TJ\]‘ Xﬂ U] %3"_"’]'&_1_&
WSS B A7) BT AVARE R

3l Q= =7 AT B A 2R (Water management
information system, WAMIS)2] &3] X](www.wamis.go.kr)2]
5 AEE F8 4t A5E o83t & ol
A A7RE AARE RSkl e TPdHSAREE At A

THSAE AAEATE ALEEAY] AS 1907 10€9
713B=EE AT o]F 1919»# 1950-1953 = 1991-

199432] 57t ASEo] glov, Apge AlE|/do] Okiﬂ
Zgeloltt. Aeu54e] A9 19129 199l PaSs A

AIgE o}Fel 19194, 1950-1951'd A}57}F ASEo] 9lon,
AEH5AS AeAE A5 AlPdo] dEst Aot
F7IF ABE BRdl e 7PEEsEE QI 2
ASAE At JHASLe] B 1949»4 19 7]
=S AAEE o]Fo] 1950-1951F AHET} A=Eo] o
w, AkEe] 2Ee Fssith. aEjan FAREAe] A
1965 1€7E] 713ASS B ASAEe Sl
glo, A5o] 2gde dedit. viAe R ©yIRF Aks
£ R3Skl e 7])6“’]& AZE AT BEXAESAE A
Aalsct. AT 9 H=40] A4S 1980 195 71
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F=S ANIaL 2EARE Qe AEoy, AfEe Alg

RS o83 EAlsiAol AFHA e EAE T
shph olma gele) AYTEA Tl A thaled
TV A ALgEeTle] AR @ 4 Slck we.
Z ulRe AANTLRE Fe 4o oY= i yiks)
o glom, A4l gl Fue el Ui AAdE
Gasle. A4URRe] FxE ARel 4 Sl 245
o] itk AR e] T} YR e Beole Wetab)
siral] flg R ARES F1AA ekon, 4w
o] Fx7F YR & Afolle e F70] A A
U A5E drsle Ad] AthKim er al., 2009).
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51 MDY M™ES 2[st SHXE

B Agolx A8E MLP- 2 GRNNM9| ¥4 2
HAERAe] Fdr= 439 € A S8
MLP-NNM % GRNNMe| oJ8f AHge ¥ S S
2] EARA oJsle] WrIHEE syt B Aol A
AE AT A= 2$BAIS(Correlation coefficient, CC),
BT AlFL22] HHE(Root mean square error, RMSE),
Nash-Sutcliffe A]<=(Nash-Sutcliffe coefficient, E) 2 3t
Aol ZJtH L 2H(Average absolute relative error, AARE)©|T}.

2 FURA Fee] Zrolck. AARES] F7ISH AN

Fe waonye U5 4 2RHN FUTS 2

sl dojr] o] FaA(EffectivenessyS H715HH,

1 919 CC, RMSE % E9] A A Es8iaL Hl

/ﬂ?ﬂ,] AALS 7128 = U= B¥2] E8(Efficiency)
AeF3ls(Kim and Kim, 2008).

52 d&Xg9| 0|8

B Ao dEAge] oS 93 ¥AEE vet &
o} A7k AREE MEBSA] 9= 19089 E
2002\ 7kA)8] AS7IRES ALI]E 86ide] AwE AN
o, FS852e] A9 191237 E 200297149 257
& AR 889 AwE sl SV AR2e
AHAFZA9] 79 194935 200237449 @57]7%
Aol s2de] 2AAwE AdEAnt. FAREY
19653 E] 2002d7b49] 38d] AA=E Adelsialet. Tea
BRI AlmEe AT B S50 A9 198037
200237k419] 231d9] AlRE S 22|21 MLP-NNM
JJr GRNNM®| Fd3pgol| e dgapgos d=Iasll

5‘%]*] SRS HES8le] A8l LutH

=% XT3he a7 ol T shie &
?;EﬂZx}EEO] A2 g2 gelEA 359 FES Uel)

m

Table 2. Statistical analysis of the monthly PE for the training
performance (Historic data)

U Table 1 MLP-NNM % GRNNMS] $8JZ7E 3 ) Statistical Neural Networks Model
¥i7] 918 AR AEE Ukl gtk o714 gy = Station Index [ MLP-NNM | GRNNM
AR ¥ A FEFH(mm), y,(x) =E5E 4 FEEA cc 0.948 0.889
SEEmm), 7, A € SR AL Bt (mm), RMSE 13.970 20,205
u, =259 4 SWPA SEFe] FBet(mm) B on=areE Seoul E 0.899 0.787

AARE 0.0018 0.0028

Table 1. Summary of statistical index cC 0.869 0.714

. Model RMSE 18.775 27.560

Index Equation Evaluation Kangreung - 751 e
}11 i ), 1) AARE 0.0027 0.0030

= cc 0.948 0.877

cC L [~ | Ffficiency ncheon RMSE 12.836 19.513
~Y - N -] E 0.898 0.764

=l =l AARE 0.0024 0.0034

- cC 0.899 0.745

RMSE }112 [7,(x) -y, ()] Efficiency Busan RMSE 11.733 18.708
i=1 E 0.808 0.511

AARE 0.0029 0.0038

i ) -3 OT cc 0.963 0.832

. i Efiiency Jeiu RMSE 10.678 23.019

n 5 E 0.928 0.665

,-:21 =] AARE 0.0035 0.0073

cc 0.985 0.974

LB ) 0 Mokpo RMSE 5.963 7.847

AARE ZZ%T x100% Effectiveness E 0.970 0.949
= AARE 0.0013 0.0022
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I 7] Wil ol AHIARES FEsela A
HRlolA AEFTASRES ARG A, 2 JEFTAEE
o] el adE AA] S o= FTHHATHKIm
and Kim, 2008; Kim er al, 2009). TH2 Table 2& 4
=275 o83+ MLP-NNM¥} GRNNMS] F#xpge] 4=
PATE YJepar ot Table 20 234 MLP-NNMQJ
TARAY FPAde] g FAEH A ccrt
0.869~0.985, RMSE7} 5.963~18.775(mm), E7} 0.754~0.970
2 AAREZ} 0.0013~0.0035(%)°]3L, GRNNMS] F#314
o] FejAde] gt AR A} CCrl 0.714~0.974,
RMSE”} 7.847~27.560(mm), E7} 0.471~0.949 % AARE
7} 0.0022~0.0073(%)C2 A=}, wleba] AelE 6719
7173 #Z20 A MLP-NNMO| @349 437}
GRNNMS] g e] e dvnn Fsst o2 45
Act.

5.3 Ro|X}=o| 0|8

2 A7 Boxige] o8-S gt FlAlEs <52 A
21722] o]gollA AEE 9 FWHA TUAFE oA}
59 F5& #18te] o83ttt wEkA MLP-NNM 2
GRNNMS] FARAE Qs dEFAss £ d7olx A
A3 FASHH 232 PARMA (1,1)S o]&3kd 50032

Table 3. Statistical analysis of the monthly PE for the training
performance (Generated data)

ARE BT RoilE o S SRR
ZollA 7)ol A= BX(BiasyE AASH] I8k 2]
9] 50 Akse AASKAO™, UHA| 4509 9 FERHA
SHFARE o83t s dHTAEe e A
A S 7F 9 WA SEAEE el A
At 2822 MLP-NNM 2 GRNNMS| F#H74S
g dESAEE 450709 BojE A FEHA SRR
2 FA90] k. oS Table 3& RAEE 083+ MLP-
NNM#} GRNNM®] Fiapge] s das ehfjar Qi
Table 30| 2J31H MLP-NNMe| Fdlge] S=si2dxlo) tigh
EAEA A3 CC7t 0.853~0.941, RMSE7} 12.026~19.579
(mm), E7} 0.727~0.886 = AAREZ} 0.0003~0.0006(%)°] 1L,
GRNNMS] F&dxgel] digh AR 23} 7l 0.790~0.910,
RMSEZ} 14.574~22.967(mm), E7} 0.623~0.827 2 AARE’}
0.0004~0.0008(%)°-= FA=|3ITt. whebr] el e7lje] 7]
FHZA0 A MLP-NNME]  F-d#A o] Fd 7t
GRNNM?®| F7yo] e dninr} ot o= FAx
At

olN o

5.4 B8xI=e| 018
B a7e) AR ol 0% FAARE 2 4%
Ame) ol A3E A FURA SRR <53

Table 4. Statistical analysis of the monthly PE for the training
performance (Mixed data)

Statistical Neural Networks Model Statistica Neural Networks Model
Station Station
Index MLP-NNM GRNNM Index MLP-NNM | GRNNM
CcC 0.940 0.906 CcC 0.940 0.910
RMSE 14.869 18.423 RMSE 14.842 18.118
Seoul Seoul
E 0.884 0.821 E 0.884 0.828
AARE 0.0004 0.0005 AARE 0.0003 0.0013
CcC 0.853 0.790 CcC 0.854 0.786
RMSE 19.579 22.967 RMSE 19.508 23.217
Kangreung Kangreung
E 0.727 0.624 E 0.730 0.618
AARE 0.0006 0.0008 AARE 0.0005 0.0006
cC 0.938 0.893 CcC 0.938 0.898
RMSE 13.710 17.817 RMSE 13.707 17.471
Incheon Incheon
E 0.880 0.797 E 0.880 0.806
AARE 0.0003 0.0005 AARE 0.0003 0.0004
CcC 0.873 0.790 CcC 0.873 0.798
RMSE 13.132 16.495 RMSE 13.108 16.221
Busan Busan
E 0.761 0.623 E 0.762 0.636
AARE 0.0003 0.0004 AARE 0.0003 0.0004
CcC 0.941 0.906 cC 0.941 0.906
) RMSE 13.409 16.824 ] RMSE 13.398 16.781
Jeju Jeju
E 0.886 0.820 E 0.886 0.821
AARE 0.0003 0.0004 AARE 0.0003 0.0004
cC 0.939 0.910 CcC 0.940 0.910
RMSE 12.026 14.574 RMSE 11.994 14.556
Mokpo Mokpo
E 0.883 0.827 E 0.883 0.828
AARE 0.0003 0.0004 AARE 0.0003 0.0004
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RoJxigo] olg oA 2 o A FLERARE F
g =FAEE FA%AT weEkA MLP-NNM - 2
GRNNMO| FRAGS 93t H85 Asse 47 A3
Z40E 53070, AEESAE 5390, dHESAE S0,
ST 890, AT 2 HEXASAE 473709 SR
A A SRR FAEY Utk o Table 4=
E3AE S 0]83 MLP-NNM3} GRNNME| F#ap4go]
FHAYNE e Aok Table 49 9J8PH MLP-NNM
o] FHRAGY FFAAo] g FAEY Az ccrt
0.854~0.941, RMSE7} 11.994~19.508(mm), E7} 0.730~0.886
2 AAREZ} 0.0003~0.0005(%)°]2L, GRNNMS] F#H 314
o] FyAtd gk FAEA A7 CcCrl 0.786~0.910,
RMSE7} 14.556~23217(mm), E7} 0.618~0.828 % AARE7}
0.0004~0.0013(%)°= A=t wepA] AdeE 67]9] 7]
dBEA0A MLP-NNMO|  Fnpge] Ayt
GRNNMS] g e] e dann} 53 Aoz Pz
ATk T3 MLP-NNMS] 735 Aelsh e7fe] 71 daEaol
AN ASAFE o8t T AR} Hojxig |9
EHAEE o] 83t FHHH ] SR AART Yot Ao=
AEACE. GRNNMS] 75 BEXASAE AlQslale Ko
212 9 E3REE o83 FARY FPAAt AEA)
FE o83 TG FAETg Y53 Ao BN
=3t

HEERGE R ) WF ol A3gE Yol ns
o BHS F23 FINY 5 YA thslel AEshe
e omlsha Sick. wepd A7BEYe] FARe 5
sjo] AT 242)0] WS olgste] Az AR B
SEARZA HZSE Hgelth. £ AN MLP-NNM
% GRNNMS| 3§ AEAE, RIAE U EYAEE of
g3l] TR ofo] HomE F 6FRY vhpAS
& FARGS B3] AT & Uk = AR
A% 27t AEAR, RIE B EPAEE olgsidon
2, 0 ANE Mgt A 2 ot 9 SR 3
o Je HeERge A9 ol TPaEil $A%
AAGE o1gFoH ol FRe| BN FAAE
7}V G AIAS BT 5 Y VRS AN 5
e Ao BT,

6.1 AEXES| 0|8

2 ApoNe ASAEE o) 8g FRHHS Bl A
¥ MLP-NNMZ} GRNNMS] w7/is-E o83} HAEY}
AL AN HAEFAN HAEARE XS, 3,
A, FAk, AT L BExASLoA T AAIES] 2003
ARE 2007371A9] 3d7te] ARE destlon, s71¢]
AFE A Utk U Table 5= ASARE &3
THARA ] FAY " wi/ASE o]-83e] MLP-
NNM# GRNNMS] B|ZEo] i Aas vehlar 9l
T}, Table 51 o318 MLP-NNME| HIZEpgo] tjst %
AR Az} 7} 0.789~0.952, RMSEZ} 11.800~20.015(mm),

=
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Table 5. Statistical analysis of the monthly PE for the testing
performance (Historic data)

. Statistical Neural Networks Model
Station
Index MLP-NNM | GRNNM
CcC 0.952 0.903
RMSE 11.800 20.596
Seoul
E 0.899 0.692
AARE 0.0004 0.1407
CcC v0.801 0.735
RMSE 18.037 25362
Kangreung
E 0.574 0.158
AARE 0.0189 0.1603
cC 0.825 0.866
RMSE 18.452 25.240
Incheon
E 0.643 0.332
AARE 0.0066 0.3160
CcC 0.789 0.643
RMSE 16.195 24.204
Busan
E 0.615 0.140
AARE 0.0115 0.1328
cC 0.875 0.885
) RMSE 18.504 27.396
Jeju
E 0.763 0.480
AARE 0.0306 0.2325
CcC 0.837 0.852
RMSE 20.015 19.087
Mokpo
E 0.695 0.723
AARE 0.0312 0.0585

E7F 0.574~0.899 % AAREZ} 0.0004~0.0312(%)°] 1L,
GRNNM¢®| HIZEHA] st FAEA A3 CCrt
0.643~0.903, RMSE7} 19.087-27.396(mm), E7} 0.140~0.723
2 AAREZ} 0.0585~0.3160(%)C2 F-A=0c} wjeb A
g oo 7VFISAAN ASAEE o83 9 MLP-
NNM9] BHIEEFA O] A 7el GRNNMO| HIZEA7F 9]
A= vwsEE o FR] AR ¥ 4
st Aoz Ausprlde Brbse Ao dAdE vy
Fig. 3(a)-(H)= AL, A%, I, i3k A5 2 Exass
o] ASAEE o83 FHHRH FAHAE o]}
MLP-NNM#} GRNNM®| E|IZ-EAo] S5 A7t tigh ¢
SN SEFAEL AAG] HlaE YERA Aol

6.2 Bo|X}=o| 0|8

B Apore RoRRE o] 83 FHNHS Salo] A
¥ MLP-NNMZ} GRNNM®| wj7|i5E 0|83} HA Ex}
S AT HIZERAAAN HAEAEE A&, e,
AH, FAh AF 2 EEPSLoM FUI AAL 2003
WHE 2007d7kA]9] 5d7te] AmE desidor, 79
w2 =] Q) T Table 6& ERIEE o83
FEage] F3ay 2" u/HSE 0]-83ke] MLP-
NNM#} GRNNM®] HIZEZGo] 3 4s Yepfal )
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Fig. 3 Comparison of the monthly PE for the testing performance (Historic data)
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TR FAAH AHAHE wiFE o]83te] MLP-
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t}. Table 791 ¢4 MLP-NNM9] HZE#A| gt &
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Table 6. Statistical analysis of the monthly PE for the testing

Table 6. Continued

performance (Generated data) . Statistical Neural Networks Model
Stati Statistical Neural Networks Model Station Index MLP-NNM GRNNM
ion
Index ~
MLP-NNM | GRNNM cc 0.885 0.769
ce 0.952 0.941 RMSE 12.314 19.064
RMSE 11.733 13.474 Busan
Seoul E 0.777 0.466
E 0.900 0.868
AARE 0.0291 0.1092
AARE 0.0065 0.0191
CC 0.928 0.876
CC 0.811 0.754
. RMSE 16.999 23117 Jeju RMSE 14.134 19.182
angreun,
greung E 0.622 0300 E 0.862 0.745
cC 0.896 0.855 CcC 0.945 0.921
RMSE 13.762 24.188 RMSE 12.550 15.410
Incheon Mokpo
E 0.801 0.386 E 0.880 0.819
AARE 0.0272 0.2659 AARE 0.0509 0.0562
200ie 2Inm
Generated Data Seoul Station (Testing Data : 2003 - 2007) = Cnarved Generated Data  Kangreung Station (Testing Data : 2000 -2007)  —— Ubsenvad
- oo MLANM - e MR
[¢ 1500 CHNNM
1500
H
£ 12m
g
i
o m
] n mn X 40 20 g o 1] n n n &0 0 [ n
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1800 A0
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1500 { a0 oA
160m
_ R
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e g
s
nm 400
1] n . 1] i A0 L1 il o o n X i 0 0 il kil
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Fig. 4 Comparison of the monthly PE for the testing performance (Generated data)
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Table 7. Statistical analysis of the monthly PE for the testing

Table 7. Continued

performance (Mixed data) i Statistical Neural Networks Model
Station Statistical Neural Networks Model tation Index MLP-NNM GRNNM
Index _ NNM
MLP-NNM GR CC 0.887 0.760
cC 0.952 0.950
RMSE 12.263 19.950
RMSE 11.808 12.472 Busan
Seoul E 0.779 0.416
E 0.899 0.887
AARE 0.0280 0.1294
AARE 0.0055 0.0355
CcC 0.928 0.882
ccC 0.811 0.746
. RMSE 17,086 23834 Jeiu RMSE 14.151 18.931
angreun;
greine E 0.618 0.256 E 0.861 0.752
AARE 0.0242 0.1726 AARE 0.032 0.0433
cC 0.894 0.869 CC 0.940 0.924
RMSE 13.926 22.647 RMSE 11.994 15.246
Incheon Mokpo
E 0.797 0.462 E 0.883 0.823
AARE 0.0268 0.2502 AARE 0.0003 0.0609
- Mixed Data Seoul Station { Testing Data : 2003 - 2007) —— Observed _ MixedData  Kangreung Station (Testing Data : 2003 - 2007) — Chserved
1800 weees MLPANM o coees MU
RN CRNNM
15000
15000
-!- 12000 .!.
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0 0 X 0 &0 5 1) 0 (] (1] b 1] ki) e L ) n
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Fig. 5 Comparison of the monthly PE for the testing performance (Mixed data)
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Table 8. Results of the ANOVA test on the mean

Mean
Model Stations Sigﬁrgcl:;lfce — C ; .TWO-SampletteSt -
Critical omputed t statistic Null hypothesis
tstatistic | Historic | Generated | Mixed Historic Generated Mixed
Seoul 0.05/0.01 |1.981/2.621| -0.0109 0.0117 0.0101 | Accept/Accept | Accept/Accept | Accept/Accept
Kangreung | 0.05/0.01 |1.981/2.621| -0.0118 0.0038 0.0004 | Accept/Accept | Accept/Accept | Accept/Accept
MLP-NNM Incheon 0.05/0.01 |1.981/2.621| -0.4080 | -0.0606 | -0.0661 | Accept/Accept | Accept/Accept | Accept/Accept
Busan 0.05/0.01 |1.981/2.621| -0.4604 | -0.1146 | -0.1327 | Accept/Accept | Accept/Accept | Accept/Accept
Jeju 0.05/0.01 |1.981/2.621| -0.0970 | -0.0074 | -0.0064 | Accept/Accept | Accept/Accept | Accept/Accept
Mokpo 0.05/0.01 |1.981/2.621| -0.3401 -0.0293 -0.0315 | Accept/Accept | Accept/Accept | Accept/Accept
Seoul 0.05/0.01 |1.981/2.621| -1.0500 | -0.1677 | -0.3138 | Accept/Accept | Accept/Accept | Accept/Accept
Kangreung | 0.05/0.01 |[1.981/2.621| -1.8711 -2.1043 -2.3032 | Accept/Accept | Reject/Accept | Reject/Accept
GRNNM Incheon 0.05/0.01 |1.981/2.621| -2.9105 | -2.3648 | -2.2661 | Reject/Reject | Reject/Accept | Reject/Accept
Busan 0.05/0.01 |1.981/2.621| -2.2217 | -2.0262 | -2.2053 | Reject/Accept | Reject/Accept | Reject/Accept
Jeju 0.05/0.01 |1.981/2.621| -1.6695 -0.6411 -0.7221 | Accept/Accept | Accept/Accept | Accept/Accept
Mokpo 0.05/0.01 |1.981/2.621| -0.1871 -0.9477 | -0.9920 | Accept/Accept | Accept/Accept | Accept/Accept
B A ASAw, Zorlg @ EFAEE o83 (Critical test statisticsyS 2Fgsl] F EEol gt

MLP-NNM# GRNNM?®| HIZEHZS] S8 A7=
W ot Zh mojrts B

A8 i EsE o
"o FHEHS

EPAES FEH
£3 HAERH ] F AT} 23]
Balo] A8 WSS o189 BaE

[e)
g& 53]

2}

o] BEe T3tk
(Accept) 22 Ad(Reject)dhs HHS A
Table 8& 9 FHHA] FEAlge] Hdl e 524

HASAIAE YERAL It Table 8 <Jshd A=

AF7HI (Null hypothesis)2] =€
I3ttt o

°J

o] TR ARRT F5F FoE FAEII 3 A5
ZF52] 79 MLP-NNM®| HIZExge] =479} GRNNM
o] HI2EAA ] £ A7E vHlwd wf o= o] ] Y5
SHAE AdEA o, ®oztg B EdAEY A9
MLP-NNM9] HIZEF o] =30A77} GRNNME| HAE
2ge] AR ot A9E YeRfa Qi)

7. RiEe| SEYM UE
B ATE M, A%, A, T, AR D SLAS
solie] BeEAael A5E U S Suaas 2

[e}
2w, RodE 0 EPAEE oled TANIS Fojol
2Fg¥l MLP-NNM# GRNNM®] 7} w75 o8-}
BBy Fdy) e 9 S
wEle] FY BTN FE2E AFARAE 71353]—‘5 A4
735 (Homogeneity testyS 2SI 13} FEARAZTE M, A
T, A, A AT 2 Bxasse] o I S
Abzol gk P 4kl Eﬂﬂ U AFEAHEA (One-way
analysis of variance, ANOVA) & Mann-Whitney U 7%
(Testy2 AAIEFATHMcCuen 1993; Salas et al., 2001).

7.1 LARLEN

428 9 2N FUPAESE MLPNNMER GRNNM
= ol83lA 2 9 A SEEAE diste] WA
ol gt GLAREAS AR 42 2358 -7
Z(Two-sample t-testyS ©]-8-31] 75 E A (Test statistics)

2 A= (Degrees of freedom)s AP0, Foja<
1% A A AFSEAZF

(Level of significance) 5% %
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Fb ) AR 9L MLP-NNMS: o884 A=A, &
ozig ¢ E3RIE FHAEES Bl A S
£ o] 83l HAEANY Ay 2gE ¥ A S
gt Hrol digh ?——l TREAe] An Mg, A, o
Z, 5k Al B BEIASNA 5% F 1% ol oﬂ
A BARTe] ol E°‘o}r+— AF7Hdo] A=
gt A5 9 SEHA SEFAES} GRNNMS OI%SHH
ASAE, Boris ¥ EEe] FARS Bl 4%
2 w7iSE o]83le] H2EAY FA7 e € 5
WA SRt gl tish YURiHEAle] Adt A
g‘, AF D EFe 5% LD 1% FoldFa] 2T
o] wato] FYsIth= %’%l'%ﬂ“f)l A=}, 1 S
o] AL AEAEE 5% L 1%Y Fo)FFo 2w
Hito] Tdsithe ATl A=A, Bojxls 3 &
s s%elrle A4, 1%lMe A=At 1xe] 7
¢ HA=AEE 5% 2 1%4 frolFelr] BT JWOl
Y= AR A™EHRAL, Bojrls 2 E¥AlEE
5%elxe A4, 1%xe A=A vz Bl
AT ASAE, Bt 9 EAEAA s%elrle A-,
1%l 4= Ael= Aot

T HAZ Bkl ik AR A9 5% 2
1%2] -2l X F-A55 A (F-test statisticsy2 A2+
Ao, JA F-HSTAX L] HuE Fl Z3de] B
slo] Fsithe AFVHES AY 52 Adse s A
AlEF3tt. T Table 92 9 S SRR 4kl
St T2 ASATAE YERAL Stk Table %l ©J3hH
7 9 SWHA SLFAE MLP-NNMS: ©]-83)14]
AR, Bojxlg 9 E9xge] FHaye Sale] A4

L
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Table 9. Results of the ANOVA test on the variance

Variance
Model Stations .Leyel of F-test statistics
Significance | .. Computed F statistic Null hypothesis
F statistic | Historic | Generated| Mixed Historic Generated Mixed
Seoul 0.05/0.01 [1.981/2.621| 1.088 1.057 1.065 | Accept/Accept | Accept/Accept | Accept/Accept
Kangreung | 0.05/0.01 [1.981/2.621| 1.130 1.007 1.022 | Accept/Accept | Accept/Accept | Accept/Accept
MLP-NNM Incheon 0.05/0.01 [1.981/2.621| 1.012 1.146 1.141 | Accept/Accept | Accept/Accept | Accept/Accept
Busan 0.05/0.01 |[1.981/2.621| 1.478 1.536 1.548 | Accept/Accept | Accept/Accept | Accept/Accept
Jeju 0.05/0.01 [1.981/2.621| 1.161 1.197 1.199 | Accept/Accept | Accept/Accept | Accept/Accept
Mokpo 0.05/0.01 [1.981/2.621| 1.286 1.435 1.438 | Accept/Accept | Accept/Accept | Accept/Accept
Seoul 0.05/0.01 [1.981/2.621| 1.394 1.133 1.114 | Accept/Accept | Accept/Accept | Accept/Accept
Kangreung | 0.05/0.01 |[1.981/2.621| 1.487 1.167 1.151 | Accept/Accept | Accept/Accept | Accept/Accept
GRNNM Incheon 0.05/0.01 [1.981/2.621| 1.335 1.427 1.361 | Accept/Accept | Accept/Accept | Accept/Accept
Busan 0.05/0.01 [1.981/2.621| 1.050 1.401 1.277 | Accept/Accept | Accept/Accept | Accept/Accept
Jeju 0.05/0.01 [1.981/2.621| 1.701 1.057 1.051 | Accept/Accept | Accept/Accept | Accept/Accept
Mokpo 0.05/0.01 [1.981/2.621| 1.496 1.232 1.239 | Accept/Accept | Accept/Accept | Accept/Accept
Table 10. Results of the Mann-Whitney U test
Mann-Whitney U test
Model Stations S.Leyf? Fof . Computed Z Null hypothesis
1gniticance | - Critical Z
Historic | Generated | Mixed Historic Generated Mixed

Seoul 0.05/0.01 [1.960/2.575| -0.010 -0.063 -0.058 | Accept/Accept | Accept/Accept | Accept/Accept
Kangreung | 0.05/0.01 |[1.960/2.575| -0.016 -0.100 -0.068 | Accept/Accept | Accept/Accept | Accept/Accept
MLP-NNM Incheon 0.05/0.01 [1.960/2.575| -0.588 -0.310 -0.299 | Accept/Accept | Accept/Accept | Accept/Accept
Busan 0.05/0.01 [1.960/2.575| -0.777 -0.346 -0.346 | Accept/Accept | Accept/Accept | Accept/Accept
Jeju 0.05/0.01 [1.960/2.575| -0.189 -0.331 -0.315 | Accept/Accept | Accept/Accept | Accept/Accept
Mokpo 0.05/0.01 |[1.960/2.575| -0.357 -0.210 -0.205 | Accept/Accept | Accept/Accept | Accept/Accept
Seoul 0.05/0.01 [1.960/2.575| -1.118 -0.226 -0.331 | Accept/Accept | Accept/Accept | Accept/Accept
Kangreung | 0.05/0.01 |[1.960/2.575| -1.543 -1.916 -2.120 | Accept/Accept | Accept/Accept | Reject/Accept
GRNNM Incheon 0.05/0.01 [1.960/2.575| -2.892 -2.378 -2.278 | Reject/Reject | Reject/Accept | Reject/Accept
Busan 0.05/0.01 [1.960/2.575| -2.199 -2.157 -2.315 | Reject/Accept | Reject/Accept | Reject/Accept
Jeju 0.05/0.01 [1.960/2.575| -1.396 -0.987 -1.055 | Accept/Accept | Accept/Accept | Accept/Accept
Mokpo 0.05/0.01 [1.960/2.575| -0.262 -1.260 -1.302 | Accept/Accept | Accept/Accept | Accept/Accept
& WS clgslel HASNY S B9d U I U DA B Al 48ued Ak =3 A
WA SERbRe] 4kl gk 2 %J o] Ak A Al ool SHAQl el tisii= Kruskal-Wallis 7355
=, 7S, I, Ak AT 2 Ean 011*1 5% 2 1%  AFSSh TR Table 102 € A SEFAES]
o] FrolaEolr ] #ile] 5 éﬁ}l’/}w FAF7Hde] Al Mann-Whitney U 55 ©l83 #2975 tat 2]
eEQlct 29 A5E 9 A SLEAES GRNNM 5 YERATL SItk Table 100 oJabd A3E 9 FEAl
< o]&s AEAE, Roakg ¥ EARY FEHES SUFAESH MLP-NNMS ol8sid A5AkE, 2ojrts 3

Bl XMA=

R

1%2] ol
A=) AT

7.2 Mann-Whitney U &AZ

Z

Mann-Whitney U 75
=745 (Two-sample t-test)ol] TH3+ B ZZQ1
nGogRE F 7he] S3ARI
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