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Hydrologic Disaggregation Model using Neural Networks Technique

Sungwon Kim*+

Qo 2 A7) Bae o FuHA FURe $EH PaE st AFPRFS Agsh=v Ak 8%
B 747 v AAEE AP EZMLP-NNM)Z AA A 7] A4 EREF(SVM-NNM) 22 g5 o] 9lut.
g ARYEG] FARtE fste] T R HAENRHoR FAHSIY AEUEHY] THAAS 9ol
A%, wel 9 EgAush e Al 7 Felel A5t AgHEen, HAERYE e ASAER o8
et W7E fste] 479 EAEHA ]E(CC RMSE, E, AARE)7} 72} AlAE9lem, ANOVA H
Mann-Whitney U 5% ol83dte] A5 3l Ald 4 SEA S4B 544ASE AAesith & 4
T2 2ol 0N AR B S55H %sﬂg 1841 MLP-NNM2} SVM- NNM°] A874E H7etsle A
T A A FUe Aael SR BT AYYE U WA FUREE 75T 5 A A
ofm, A MmN AsHe) WIS A% o187 ksH ARE ATE & AL Rolth,

HAB0| 1 T FUW, SES Polwd, A5 28, MLP-NNM, SVM-NNM

Abstract : The purpose of this research is to apply the neural networks models for the hydrologic disaggregation of

the yearly pan evaporation(PE) data in Republic of Korea. The neural networks models consist of multilayer

perceptron neural networks model(MLP-NNM) and support vector machine neural networks model(SVM-NNM),

respectively. And, for the evaluation 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. The application

of MLP-NNM and SVM-NNM for the hydrologic disaggregation of nonlinear time series data is evaluated from

results of this research. Four kinds of the statistical index for the evaluation are suggested; CC, RMSE, E, and

AARE, respectively. Homogeneity test using ANOVA and Mann-Whitney U test, furthermore, is carried out for the
observed and calculated monthly PE data. We can construct the credible monthly PE data from the hydrologic

disaggregation of the yearly PE data, and the available data for the evaluation of irrigation and drainage networks

system can be suggested.

Keywords : Pan Evaporation, Hydrologic Disaggregation Model, Stochastic Model, MLP-NNM, SVM-NNM

1. A 2 g, A9 &, 7HHHT"V\E’]4 AAlek B

Aol Jojr F=238 QlxFo|tiMolina Martinez

TR AAdd 2 FHAA FPA| AR et al., 2005; Gundekar et al., 2008). =d}4

X9} & 4x]9] F2IxE YehlH, Sz 2 Uik o =z AeFdol(Mass transfer)et &

ol oJgh FREAR] FAHLS TR XYY A I 22 AL HHol| ojste] 5o
+  Corresponding author : swkiml968@dyu.ac.kr

WA - 439 - BTje ARER S} g
Corresponding Author, Associate Professor, Ph.D./P.E., Dept. of Rail.
South Korea

- 79 -

FOPPAL - A A}
and Civil Engr.,

Dongyang University, Yeongju,



Ir

A g 9l ofe] T fAlREA e 22 AR
ol FAol <Jste] 93-S W=t}(Jensen, et al.,
1990). SEHAI7E o842 4 gle elAe] S
AR ] F4] gk < 5
2 A 7R AE 8% 9uE JHa
tHKisi, 2006). LS ApAdg el A wlg-
g v Ao, SERAl S |
g A= Aol dolA AAR] vl E A
el 4 e BEES Fol A &
(Kisi, 2006; Eslamian et al., 2008).

Hto| B2 AFAES TEHA S 4F
Aell QoA AALo|ES o83t B3t 7He
84S S5t YrhKeskin and Terzi, 2006;
Deswal and Pal, 2008; Rahimi Khoob, 2009).
Sudheer et al.(2002) A ol&S o]83}]
Class A Pan WA T8 o555 FESIS]
o, oF AFXE Ve I FA

Stephens and Stewart 5213 ®H|wEHYTh 15

2 ol8E # Y AR FURYS ®
o shoe] AR o8 Ao,
e, iR, A2 E F g BEY
IVAAES] A8 2§ o183 Bruton

Mo ot & T
lo do r ¢~ Wb
o L, =
i o2 olN
oft O ~N ne, OIZO 11
J oX o L N
L
e TN T R =
= ﬁﬁ old L olN
o 2B 18
:% ) % 3r %
=
oy T g o
i N
_Hl'i o> e ﬂF -
N i of
o gy e
oft K 2
< o
ox

i
o
ofo
it
-
32,
rir
L
o
v
ul
=
32
oy L
i
e

and Kim(2008)2 $-glueloll ] o

i 3
ot
i2)
4
i)
i)
N
HN
;.
3
)
1o
i
od
0
o
_0|L
2

I

& FaAns Al
[e]

_/':
ksl |ESNe) ARE TEs,

ol o oft & :1;7 oN Py & o
[,
2“_4
ue
=2
r o

yi fo o

ik
i)
>
of\
t
ot
2 L
>
o2
=2
%0,
2
>
o
X
&
a2

o
ooy
>,
5
[0}

)
ot

g
[\
o
o
<
N
N
ue o
ol\
[T
i)
~

TBurian et al., 2000, 2001; Gutierrez—
Magness and McCuen, 2004; Tan et al., 2007;
Zhang et al., 2008; Choi et al., 2008)= 3%
Aol dom, LAl Sk tigh A
wallol gk A== AA-dY S(2010)0] MLP-
NNM#} GRNNMZ- o]-g3dte] d SR S
S ¥ TUHA e R :

2} SVM-NNMS: o] &8 A T3] S-S

A FWHA FUFoE RS AEd ATAbd:

l 2l MLP-NNM# SVM-NNM
ol g3l ¥ SR SUFARE Festaat

e o

- 80 -



o AZNERE 489 FEotd Peugel §
dibg A sla PR Fadms A 79
FRD ofolAH, 47t AZAE, B
4 DYL olgdte] mOMA) ¥ EFARIS
A5 FASH 2L olgae] meuA B
JAEE EWE Z2 THE aelm sk
o saas A48 HH PINEE olgle] A
sAnEA HAERAS ANan d wd
B el AHEEE olgste] s
d FWEA FUBE AT F o SRS ¥

21 HEHUEE MEYZDH
(MultiLayer Perceptron Neural Networks
Model, MLP-NNM)

dykg oz MLP-NNM2 433

G
dom A Stk dRkiow FHAES §
sto] MLP-NNM¢] 22 w75 A7dsh, 2
e vi7fRaE o]-88ke] MLP- 3}
S FggcHHaykin, 2009).

¥ MLP-NNMZ 243 17f, 2493 =5t 12
A, 85 ==5E 127, Hd 9Esiss
10,0008], @A} ¥AA= 0.001=2 A8} =
3k 2 Ao A= QuickProp GA3} EdduglE
S o8l wEbd B AdFelx Hew
MLP-NNMe| &85 ==ZddA 14, 69 9 12

99 ot e A0a-(0s 2ol urewjj =
glom, the 7l 1€ H o] ZgE MLP-

NNM 728 vehd o]t

n

PE, (t) = QZ[EW . (1a)

@, (D W, - PE/(t) +B)) + B)]

- 81 -

PE;(t) = 8,3 Wy - (1b)
]

PE,,(t) =&,[Y Wy, - (1)
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5 B
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Fi 1 The developed architecture of

MLP-NNM
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Table 2. Statistical analysis of the monthly PE
for the testing performance(Historic
data)
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Fig. 3. Comparison of the monthly PE for the testing performance (Historic data)
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Fig. 4. Comparison of the monthly PE for the testing performance (Generated data)
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Table 3. Statistical analysis of the monthly PE
for the testing performance(Generated

data)
Siatisiiel Neural Networks Model
Station
Index MLP-NNM SVM-NNM
CcC 0.952 0.945
RMSE 11.733 15.590
Seoul
E 0.900 0.824
AARE 0.0065 0.1265
CC 0.811 0.756
RMSE 16.999 26.463
Kangreung
E 0.622 0.083
AARE 0.0253 0.2418
cC 0.896 0.879
RMSE 13.762 23.462
Incheon
E 0.801 0.423
AARE 0.0272 0.2866
CC 0.885 0.783
RMSE 12.314 19.791
Busan
E 0.777 0.425
AARE 0.0291 0.1490
cC 0.928 0.907
RMSE 14.134 16.807
Jeju
E 0.862 0.804
AARE 0.0318 0.0430
cc 0.945 0.929
RMSE 12.550 15.576
Mokpo
E 0.880 0.816
AARE 0.0509 0.0866
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Fig. 5. Comparison of the monthly PE for the testing
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Table 4. Statistical analysis of the monthly PE
for the testing performance(Mixed

data)
. Statistical | Neural Networks Model
Station
Index MLP-NNM | SVM-NNM
CC 0.952 0.946
RMSE 11.808 15.500
Seoul
E 0.899 0.826
AARE 0.0055 0.1350
cC 0.811 0.761
RMSE 17.086 26.191
Kangreung
E 0.618 0.102
AARE 0.0242 0.2439
CC 0.894 0.878
RMSE 13.926 23.589
Incheon
E 0.797 0.416
AARE 0.0268 0.2897
CC 0.887 0.783
RMSE 12.263 19.954
Busan
E 0.779 0.415
AARE 0.0280 0.1540
cC 0.928 0.907
RMSE 14.151 16.870
Jeju
E 0.861 0.803
AARE 0.0320 0.0444
CcC 0.940 0.929
RMSE 11.994 15.606
Mokpo
E 0.883 0.815
AARE 0.0003 0.0875
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Table 5 Results of the ANOVA test on the mean

Mean

Level of TWO. — sample t test :

Model | Stations Significance | Critical Computed t statistic Null hypothesis
t statistic | Historic |Generated| Mixed Historic | Generated Mixed
Seoul | 0.05/0.01 12%8211/ 00109 | 00117 | 00101 /chcce;;tt/ iccccii’)tt/ iccieei’)tt/
Kangreung| 0.05/0.01 12%8211/ 00118 | 0.0038 | 0.0004 i‘fceeitt/ icccc‘j;/ iiii‘;t(
\p. | Incheon | 0.05/0.01 12%&;11/ ~0.4080 | ~0.0606 | ~0.0661 iccccgt/ XCC‘Z‘;/ /chcceeitt/
N Busan | 0.05/001 Z%ill/ ~0.4604 | -0.1146 | -0.1327 AACCC;‘:( iccccee‘:t/ iccccee‘;tt/
Jeju | 0.05/0.01 Z%ill/ ~0.0970 | -0.0074 | -0.0064 /chcciitt/ i“ccce;;/ /chiee‘;tt/
Mokpo | 0.05/0.01 12%?11/ ~0.3401 | -0.0293 | -0.0315 /Z‘;ieeitt/ iicc‘z)tt/ iccizztt/
Seoul | 0.05/0.01 12%211/ ~0.7221 | -0.9356 | -1.0004 iicceeitt/ icccc‘j;/ iiii‘;t(
Kangreung| 0.05/0.01 12%&;11/ ~2.0478 | -2.8565 | -2.9151 i‘?ce;i i‘jji‘jt/ i‘jjicctt/
syy | Incheon | 005/0.01 Z%ill/ ~2.7162 | -25855 | -2.6183 P;eejjiitt/ iifg;{ iijfecg
N pisan | 0.05/0.01 12%8211/ 23322 | -2.4836 | -2.5702 iijfecgf iﬁfgg iifecgi
Jeiu | 0.05/0.01 12%8211/ -0.3570 | -0.7163 | -0.7306 /Zicceeitt/ iiii‘;ft/ iccfgt/
Mokpo | 0.05/0.01 12,%&;11/ 05122 | -1.2248 | -1.2335 icccce;;/ AA(;CC‘Z?( /chccee‘;tt/

5% B 1%° FelaaelA By de] Heto] v NNME- o] &3] AZAlg, Zoxla 9 23l

Sfhs F7kde) AR, RelAR 3
A 5%l 712 1%lME AEEdck vt
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o] g

7o) Bate] tf
o, B AlFE 2
fFolgEalA 23

o

oxl,
mlo

e, 7?%y o]

1,

AL, Al

5% 2 1% frelgels] mAwe)
st Yol AuET),

-9 -

F3lol 14 WAELE olgdlo

q
2EA 343 A" o
T = ot =



ALY HE o|8st 25N 2ol H
Table 6 Results of the ANOVA test on the variance
Variance
Lovl of F-test statistics
Model | Stations . e.v.e 0 . Computed F statistic Null hypothesis
Significance | Critical
F statistic | Historic |Generated| Mixed Historic | Generated | Mixed
1.981/ Accept/ | Accept/ | Accept/
Seoul 0.05/0.01 2621 1.088 1.057 1.065 Accept Accept Accept
1.981/ Accept/ | Accept/ | Accept/
Kangreung| 0.05/0.01 2621 1.130 1.007 1.022 Accept Accept Accept
1.981/ Accept/ | Accept/ | Accept/
MLP- Incheon 0.05/0.01 2621 1.012 1.146 1.141 Accept Accept Accept
NNM 1.981/ Accept/ | Accept/ | Accept/
Busan 0.05/0.01 2621 1.478 1.536 1.548 Accept Accept Accept
. 1.981/ Accept/ | Accept/ | Accept/
Jeju 0.05/0.01 2621 1.161 1.197 1.199 Accept Accept Accept
1.981/ Accept/ | Accept/ | Accept/
Mokpo 0.05/0.01 2621 1.286 1.435 1.438 Accept Accept Accept
1.981/ Accept/ | Accept/ | Accept/
Seoul 0.05/0.01 2621 1.208 1.289 1.215 Accept Accept Accept
1.981/ ; Accept/ | Accept/ | Accept/
Kangreung| 0.05/0.01 2691 1.300 1.346 1.305 Accept Accept Accept
1.981/ Accept/ | Accept/ | Accept/
Inch 0.05/0.01 141 1. 1.141
SVM- neheon o/ 2.621 7 358 Accept Accept Accept
NNM 1.981/ Accept/ | Accept/ | Accept/
Busan 0.05/0.01 2621 1.343 1.351 1.378 Accept Accept Accept
. 1.981/ . Accept/ | Accept/ | Accept/
Jeju 0.05/0.01 2621 1.093 1.102 1.099 Accept Accept Accept
1.981/ Accept/ | Accept/ | Accept/
Mokj 0.05/0.01 1.529 1.237 1.438
OKPO / 2.621 Accept Accept Accept
3 A AR 8 A Zuea
7.2 Mann-Whitney U 2435 . = o e els] w
Mann-Whitney U % A3 A&, 45, 1d, ¥
Mann-Whitney U A%& % 710] Sadel £ A, AF 9 BxaEzold 5% 2 1%e] oI5
Bol 2%E t-7&(Two-sample t-test)o] twidh oA T e REAETE Y BTN F=
MEAAel thSwe] shjolnl, BUW myTon  HIThs ARMel AuET. w A%d 9
RE Tl SUA BRG AR 4 diAs  SWEA SUREsh SYMNNME olgeln 4
AZ57) SAtel gl Ak w3 A A ol ZAE, ReldE R ERARe TS go
o] =gzlel FHo| thaE= Kruskal-Wallis 7 o] AAE wPlHTE o] 838ty HAENY 4
Fo AT Oe ¥ 7S 9 FUHA FUEA b AHE W FUEA FU9Es Man-
9] Mann-Whitney U HEE o83 534S Whitney U 5 A3 A&, AlF 2 HxdA=
of gk ARAE vehla itk & 7l oshd 5% B 1%9] FolaTolA F e xEAtsTt
H2E 9 FREA FNEst MLPANNME 59 BRueld FERChs ATMl Aes
g HEAE, weldn 9 Tadme FdU Ak e 4% 49 ASARE 5% L 1%
A4 Eajol AR WNATE olgald] HlAE o FFFIM T RS ERARS BY B
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Table 7 Results of the Mann-Whitney U test

Mann-Whitney U test
Model | Stations _LeY.EI of Computed Z Null hypothesis
Significance Critical Z
Historic Gen(elrate Mixed Historic |Generated| Mixed
. 1.960/ B B . P Accept/ | Accept/ | Accept/
Seoul 0.05/0.01 9575 0.010 0.063 0.058 Accept Accept Accept
1.960/ Accept/ | Accept/ | Accept/
Kangreung | 0.05/0.01 9575 0.016 0.100 0.068 Accept Accept Accept
Incheon | 0.05/0.01 | Y95 | o588 | 0310 | —0.299 | AccepY | Accept/ | Accept/
MLP- 2.575 Accept Accept Accept
NNM 1.960/ Accept/ | Accept/ | Accept/
Busan 0.05/0.01 9575 0.777 0.346 0.346 Accept Accept Accept
. 1.960/ | _ _ _ Accept/ | Accept/ | Accept/
Jeju 0.05/0.01 2575 0.189 0.331 0.315 Accept Accept Accept
1.960/ _ B _ Accept/ | Accept/ | Accept/
Mokpo 0.05/0.01 2575 0.357 0.210 0.205 Accept Accept Accept
1.960/ _ _ _ Accept/ | Accept/ | Accept/
Seoul 0.05/0.01 2575 0.751 1.018 1.233 Accept Accept Accept
1.960/ B _ _ Accept/ Reject/ Reject/
Kangreung | 0.05/0.01 9575 1.827 2.446 2.567 Accept Accept Accept
1.960/ B _ - Reject/ Reject/ Reject/
SVM- Incheon 0.05/0.01 9575 2.698 2.635 2.640 Reject Rejoct Rejoct
NNM 1.960/ Reject/ Reject/ Reject/
Busan 0.05/0.01 9575 2.420 2.551 2.635 Accept Accept Reject
. 1.960/ | _ - _ Accept/ | Accept/ | Accept/
Jeju 0.05/0.01 9575 0.315 1.123 1.134 Accept Accept Accept
1.960/ Accept/ | Accept/ | Accept/
Mokpo 0.05/0.01 9575 0.577 1.601 1.611 Accept Accept Accept
oA F2H A= A7) AgElar, 2o AeEel A e Aoz ddEy, SVM-
Auoh EPARE 57IAE V12 1% RO NNME| A9E BELME Aot Ak Ao B
Foie et Qde] A9 434w, wel  wEch wehd wEdoz MP-NNMe| a7
Am P EFAEE 5% D 1%2] FrolaTelAl F 77} SVM-NNM®| e A#ne} osittar sig
Mol EEAETE Y BTN FE2H A= A et
F7hdo] AZHee, AAgte Bkl 49 A
SAR 9 BelAut 5%t 717, 1%04 % 8. 48 ¥ F¥ A7y
AeE Ao, EFAEE 5% 2 1% frolawel
A F e BEARIL 59 RAueld REHY B ATelde Sulde e sausad
th= FAF7Hdo] 7127 =it wheba] 2 At #=5E A A SEERRE ANE
MLP-NNM$ o]8ate] 4bde 94 SH5A 5% MLP-NNM % SVM-NNM$- o]gdte] o Zukd
i 959 2 ST SRS SAY A SUPARE Bl ol A 1990
Fajo] 0 BARE AP Anzon o AANL AR
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1. MLP-NNM % SVM-NNM¢]

o

A o]
BA7 2HE 7 657 WVIRG 7S o]
g3t HAERGS Faslck 1 d¥ A
gy 6719 AASLoM ASAEE o %
3 Ag B¥ASAES ALslas MLP-
NNMe]  Hl=Edge] #8437 SVM-
NNMe] HAEHAS] Ffdnuct S5
Aoz BAFQIc) wgk Aed 6719 71
TS5hoA Bortn 9 Z3ARE o] &gt
749~ MLP-NNMe| H»EFA o] F=efZ 77}
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4
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