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Forecasting of Reservoir Inflow using Artificial Neural Networks
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Abstract
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The key problem of reservoir management is forecasting of reservoir inflow in
normal time which using monthly and weekly information of water management for
activities, also using release water from reservoir during rainy season and in flooding
time it needs daily data to monitoring. Objective of this research is to study an
applying of artificial neural networks for inflow forecasting of four important reservoirs
in Rayong Province, which are Dok Krai reservoir, Nong Pla Lai reservoir, Khlong Yai
reservoir and Prasae reservoir by using daily, weekly and monthly data. There were
fourstations and suitable ANNs model structure of each reservoirs for studying a
relationship of rainfall data by testing the number of cells of hidden layers range
from 2-10, 0.5n, n, and 5n cells when n is a quantity of input parameters. Three days
of moving average were added for forecasting daily reservoir inflow to find the
forcasting time that can be used for ahead-forecasting inflow of each reservoir. Three
different durations of imported data are used for inflow forecasting which thedaily
data used for daily forecasting, weekly data used for weekly forecasting, and monthly
data used for monthly forecasting. Apart from this, daily rainfall data from the Thai
Meteorological Department are used for forecasting of1-3 days ahead, and also the
tendency of weekly and monthly accumulated rainfall from statistics in the past were
used.

The result of Artificial Neural Networks development with Back Propagation
method by using 12 to 16 years of historical data for model training and testing the
shows that four reservoirs were able to forecast the reservoir inflow and release
agreeable result for three days, one week, and one month ahead. An Efficiency Index
(El) during the testing of one day ahead-forecasting of each off our reservoirs were
between 79 percent and90 percent and decreasing along with longer forecasting
duration. While theone week ahead-forecasting by using weekly accumulated rainfall
got Efficiency Index of the model between 71 percent and 81 percent.Lastly the one
month ahead-forecasting by using monthly accumulated rainfall got Efficiency Index
of the model between 68 percent and79 percent. All the results of study show that
the model of Artificial Neural Networks which using relationship of past statistics can
be provided a trusting forecasting result, and can be used for forecasting to help the

real and efficient implementation.

Keyword: Reservoir Inflow Forecasting, Artificial Neural Networks, Reservoir Water

Management, Reservoir in Rayong Province, Thailand
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2) Learning Rate (LR) w8z Momentum Rate (MR)f1 Learning Rate (LR) 9%
fnadenaAsuulasindrsimiinssvinasad (Node) &1 Learning Rate geagsiliinis
AMunnveIUUAeaUSITY widfiiganniuluasianisundsessaunnsieseine
Funeasafild feruansnsazliantesaniosy wuuiinasezduy 9 Rumellhart uazaoy
(1986) leuAdaymnisunistuasillnesimundl Momentum Rate Tun Jaymivesnisly
LuUsians ANNs Aen1sviAn LR waz MR Avsnzaudednudeld3s asslinassgn (Trial
and Error) Tagvhludn LR avegszming 0.01 - 1.0 uazd1 MR azog5ening 0-1

3) n1sAuualun1slikuuaIaas  ANNs #eai19u laguuudnaeeasngn
FudletounnsnsszninmaniuvessmensalvarAasadiatosniiadirinun (Target
Error) Unfazfinuaaiiana1slaitiu 5% (0.05)
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dndrdayaluusdarsuuvulasaing

v

AuuadwIsdimasEngg

Y

uazgdudrdradmtin
2 o & 2 1 a
Y3uAnEn9Men wazmisasimad Auradludrantiuazdunaneinsal
A145U Learning rate 1az l
=]
Momentum rate tviaam RMSE - ) ) .
AMUIUAILANATS (RMSE) $2147314A1

WgININUA19Se

RMSE < AAT%uA

YN

o ¥ w4 ey e
Wurdasuwiniiveldnuyadoyadmiunagay

Y

Andanlaseadeilinang

o chea | drumanswennsaivasyadayadmiunagou
NYINTUNAIEA : v

AN 8 TURDUNITAMIUINULUUINEDS ANNS

6.5 MsnadaulszaNsAMWAMNLLUELazANNLIRTaN SWENSAl

ManpFpuUsEAVE N mANIsuE LAy deRe TS alanusaalagldeh
Sonsadfvanefafiansansauiu fil

1) uUszansanduius (Correlation Coefficient, Nipsunfudendulssans

andaiug (1) fenegsziing -1 fa 1 61 r daudilnd 1 uansindeyafiduinilduaziingaata

Ifanmeaunufimmduiudiuuujnielansedid uiidlolsfamd ¢ feudilng 0 wanaiy

foyatiansdiauduiusfudesviouwnuldfias Tneluwdlunsfnudugnnineuas

vamans @1 r msfiAnannd 07 sl deyasaesdanudiiustueglunurifiveusuld

> (Qu -0 (@, -Q.)
[Be-arde-or]

i=1 i=1

go Qmi - 9M51N15 AN AANNNNTASIIANIAN i

Qn - Fuadsvessnsnmsinaileainnisnsotn

Qi gnsmslvaiilgainuuusassiivg i
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Q.
N

ANLRAYVRITNITINT BN A ANLUUINAD
SRRV LAIGHT

2) UszAnSnmusswuusians Efficiency Index (ENusudsnsadnfians
seiuANENTUS (degree of association) seminedeyaiildainmisdasmeuuuiass
uazdeyaiildarnnsngiata drfldindiu 100% uansiwansiesesiildainuuudiassd
AuhuUTinushildannisesetanndeya Tneluwdlunsinudugnnineuas
yaeans @1 Bl aasdiaannndt 70% Jeasfioideyaiansdaudusiusuegluinaeii
gausule

N N

Z(Qmi _(jm )2 _Z( mi _Qci )2

El == = x100%

ZN:(Qmi - (jm )2

(6)

= 9AINSANLAANAITRTINIAANEA |

b
)
O
E
|

= ANRAYVRITNITINTIBNLAAINA1THIINN

O Ol
3
|

Q.
|

= 9sINSivaflannwUUINERINGN |

Ol
|

= anadevesdnsnmsinadildainuuudiaes
N = diuvesdoya

3) ﬁiﬂiﬂnﬁaawaqmmwﬂmmLﬂﬁauﬁﬂé’aaauaﬁa (Root Mean Square
Error, RMSE) {lushuusmsafifiuaniniunainiadeuanysal (absolute error) 5eming
foyailldannisiuinmeuvuiasaardeyailliannsnsiatn lunsdififidndlndmud
nanaIdlnaduSTAINN
N 0.5
2. Qi —Qq)’*

RMSE = | 2
N

(7)

Q ) o v v o A .
\l9 mi —dmsIN1siranlaainnInsIateiiian i
6 1 dl % dl 2 2
m = ARAYUBIONIINTIANIAINNTNSIT
Qi _ gasinsluadildanuuusiaesdivna |
Q. DA o v .
¢ = ANRANURITNIINIS MATIAAINWUUTIA
N _

INTeIleya
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7. NAN1SANEIAAY

nan1sTusndeyaluudazerafviuagnisutngudmiunisiinuasnaaoy
wuuiaes uandldfannsned 3sunuulassaiiswosuuiassilinanisweinsalseiu 1o
#Uaii wazsedeuiivnzauiigelunsazenafiut sudsdmisaifvessanisisuiiiey
seineAasIvineuaznaanMsnensalfeuuUans ANNs uandliluansneiia uazanss
i suaznsmhUisuifieussrindnmataaiuasnansnensofluutazerafiuihsetu e

FUa9t wazsesiau IunIwi 989 AwA 12

A1319% 3 MsudangudmunmsinuagnageuluuIaes

grafturi U AN (1A
ToyA Hnuuudnaes NAFDULUUIIARY
ABNNINY 16 U 2545 - 2555 2556 - 2560
wuaslalva 16 U 2545 - 2555 2556 - 2560
Aandlvi) 129 2549 - 2555 2556 - 2560
Uszuas 129 2549 - 2555 2556 - 2560

A151991 4 Tassasnawazinl st ivanzanlussaztianaingnsaiveawiare 19 A UL

neNIad JUuuy Aauys LR MR
a9t JGENGERY DLt
srafiuiaennsne
1%y 11-20-1 I(t), I(t-1),...I(t-7), ((t-mva3), R(), R(t+1) 0.015 05
2 Ju 11-20-1 I(t), I(t-1),...,1t-7), (t-mva3), R(t), R(t+2) 0.014 0.5
3 u 11-20-1 I(t), I(t-1),...,1t-7), [(t-mva3), R(t), R(t+3) 0.013 0.5
1 da 11-40-1 I(t), I(t-1), ...,)(t-7), (t-mva3), R(t), R(t+1) 0.033 0.5
1 Loy 9-40-20-1  I(t), I(t-1), I(t-2), I(t-3), I(t-11), (t-12), R(t), R(t+1), E(t) 0.063 0.5
grafiuimuesanlua
14 11-15-1 I(t), I(t-1),...,I(t-7), ((t-mva3), R(b), R(t+1) 0.017 05
2 Sy 11-15-1 I(t), I(t-1),...1t-7), I(t-mva3), R(t), R(t+2) 0.015 0.5
3 fu 11-15-1 I(t), I(t-1),...I(t-7), ((t-mva3), R(), R(t+3) 0.014 05
1 &Uan 11-30-1 I(t), I(t-1), ... I(t=7), I(t-mva3), R(t), R(t+1) 0.018 0.5
1 \heu 9-40-20-1  I(1), I(t-1), I(t-2), I(t-3), I(t-11), I(t-12), R(t), R(t+1), E(t) 0.086 0.5
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A1519% 4 TassasaainUsindnmanzadluusasdianameinsalvassazeuiuti (sa)

W NIl JULUY AauUs LR MR
aun 1AT9a59 U
sriiuthnasding
1% 9-6-1 I(t), I(t-1),...)(t-7), (t-mva3) 0.042 05
2 u 9-6-1 I(t), I(t-1),...)(t-7), (t-mva3) 0.055 05
3 4y 9-6-1 I(t), I(t-1),...)(t-7), (t-mva3) 0.020 05
1 &at 9-8-1 I(t), I(t-1), ...,I(t-7), I(t-mva3) 0.089 05
1 Lilou 7-10-6-1 I(t), I(t-1), 1(t-2), I(t-3), (t-11), (t-12), E(t) 0.088 05
srafuthuszuas
1% 11-20-1 I(t), I(t-1),...,It-7), (t-mva3), R(t), R(t+1) 0.019 0.5
2 fu 11-20-1 I(t), I(t-1),...,1(t-7), (t-mva3), R(t), R(t+2) 0.020 05
3 u 11-20-1 I(t), I(t-1),...,It-7), [(t-mva3), R(t), R(t+3) 0.015 0.5
1 &a 11-40-1 I(t), I(t-1), .., I(t=7), I(t-mva3), R(t), R(t+1) 0.039 0.5
1 Lilou 9-20-10-1  I(t), I(t-1), I(t-2), I(t-3), I(t-11), (t-12), R(t), R(t+1), E(t) 0.088 05
gL () = Yananflseassrafutnatagii
I(t-1) - Uinanhlnaasenafiuindounds 1 9aaman
(trmva3) = Usinanhiveasenafiuihdediadendoud 3 su
R(t) = U%mmﬂuﬁﬁmudwLﬁmfmmfjmgﬁ’u
E(t) = U%mmmiizmamﬂémﬁuﬁwL’;mfjaaagﬁu
a51ed 5 Uszavsammsnennsallussazdianandmiuusazerafiuih
WyInad BRNITHNUUUTIB4 FUNIVNAADULUUTNADY
A2 r El RMSE r El RMSE
srafiutiaennse
19U 0.94 0.88 2.96 0.89 0.79 3.46
29 0.92 0.84 4.31 0.86 0.76 4.01
39U 0.87 0.75 5.36 0.86 0.74 3.91
1 §Umai 0.97 0.93 15.88 0.87 0.71 24.54
1 oy 0.99 0.98 28.61 0.90 0.76 73.21
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A1519% 5 Uszansnmnisnensallunsazdiaiatd nsunsazanaiuli (da)

Wensad RNITHNUUUTIBD4 FUNIIVAADULUUINADY

A299t0 r El RMSE r El RMSE

' s %
granuiueslantua

19U 0.91 0.81 4.18 0.91 0.80 4.76
27 0.84 0.71 5.17 0.84 0.68 5.95
37U 0.85 0.69 532 0.85 0.65 6.25
1 dUani 0.93 0.86 23.02 0.87 0.75 30.20
1 \eu 1.00 0.99 21.06 0.86 0.73 116.36
sraiiuthnaaslg
19U 0.96 0.89 2.34 0.97 0.90 1.92
27U 0.93 0.77 3.44 0.96 0.82 2.62
3 U 0.84 0.64 4.25 0.87 0.67 3.59
1 §Umii 0.91 0.82 17.10 0.91 0.81 13.70
1 \eu 1.00 0.99 12.92 0.90 0.79 50.24
Srafuthusouas
19U 0.94 0.88 6.89 0.91 0.81 9.64
27U 0.86 0.70 10.96 0.82 0.64 13.21
39U 0.79 0.60 12.53 0.73 0.52 15.13
1 §Umi 0.98 0.95 25.57 0.89 0.78 50.34
1 oy 1.00 0.99 35.96 0.83 0.68 213.65
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8. MsAAUTELAZATUNANIIAY

HaNISHAILILUUD1ae9lassUelaUssamifisuuuuunsnszanadounay (Back
Propagation) Ingl¥Uayadeundtedsening 12-16 U lumsinuaznageuiuuitaeagunis
Auldoraid

1) MsnensaisteTusarseduant agldsuautureddasiadaNet Size)3 4u uas
dufunswensainedeudeiidwiudeya (few) Tunsfinuuusiasstios axldsuiuty
yoslassadie 4 du

2) Smnuwadluduiiteu (Hidden Layer) fisnuiudaus 6-40 wwad

3) nan1swennsalUSinalwadnerafuihvessrafuin 4 819 aremeh 3 Su
a1t 1 dUansi wazarain 1 heu Tinaluiivensuldlnefiansansiuiuainaiduss
ANTandUNUS (1) wazA1UTEENSA W (Bl)  99aluudiast luagien1snadauwuuiIngss
(Testing) agﬂléﬁéﬁ’aﬁ

- mMswensalannin 13w A r Teegsendng 0.89 - 0.97 waz Bl deneg

D

J¥UI195088L 79 D9 90

D

- MSNYINTALANMIN 2 Tu A1 JA19E5ENIN8 0.82 - 0.96 uar Bl fiAeg
JEniNeesay 68 fie 82
- MIwensalaenin 3 Tu A r Heegsendng 0.73 - 0.87 uaz £l deneg
senineTevay 52 fa 74
- mMyngnsaladant 1 e A r A1egsendng 0.87 - 0.91 uay El A0
seninedesar 71 i 81
- MINENTEINEN 1 feu A1 r We1egsendng 0.83 - 0.90 uag Bl ey
JEnineesar 68 fe 79
1) \loannsuniswessanisnensainetu lWendudanadoindeud 3 FuvesTuna
ilvaasgrafvinsuduteyaindn uarlunsdvessrafuthaaedlug Wldamsdoya
Uhinauhneaseaudifiesednafien iesanUiinamuiinnatald lifinnuduiusiudeya
Ui ilvaassafui
5) Swrueadlutudeulisudursdeddanfeatunnadmivluusagsianainis
WINT0
6) §117u50U (terations) Tun1siuan Tunsdlilen Good Patterns laifla 100 (@
Ll:uuﬁwaaq%??uzjmmiﬁﬂmmaa A1 Target Error fifnmuald) %ﬁmiméjuqmmiﬁmm
PnunliiinisanaduatRoot Mean Square Error (RMSE)fiAnasiiuga wiiinsaunisdiuan
wfinduduansiognarmsanasues RMSE Tiluamil 13
7) nsamsAnwfana1n uansbiiiuiwuudasslasaiglovszamifondadu
wuuihaesionfemnuduiusuesaiideyaluein anunsalvinanisnensalfiinuindedo
wazihlullunmsnensalitetaglunsufifnuatalfedeiiusednsam Tnefinsnensal
Uinanilvaasenafuiheefusenuuiaedaseisleussamidion nmsnennsaldami
1 fu aglinanisnennsaifiududiiign uazniswensaiaamtn 2 uag 3 Yu aglinanis
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nennsaififaruuiugiosadumuszernaimenennsaiflenundy fdu Tuthenauudd
Uhinadwannlueasgenafiuinsuiunnuasissduihegluinasigs auasvhmaneinsal
Unahlnaassrafuimng 1 %u Tnefiszeznarlunismense 3 Yudrmin el
wulthmesUTinaihiinlvadneradviuaznausunmsuimsdanniléfusoaniunisal
flazAndu

Update interval: Piot Type:

B sec IR~

0.20——

0.15——

RMS Error # RMS Error

0.10——

0.05——

0.0 I 1 1 1 I I
0 10000 20000 30000 40000 50000 50000

Iteration

dl L 1 U ol a o o o
AN 13 MIDYIEANIAINITANAIYDIRMSE LUSEULMEUNUITUIUTDUYBINITANUIN

9. UDLAUDLUY

1) iesnsrafvinasedvguazsraiuiniszuas fdeyanedoudniunsiin
wagnadauwuUINaatliinnin nanfe dviiainuuuinass 84 ey uazyIIAMAaRY
wuudiaes 60 Liteu wWiumaslidudunisdavinuuudiass ANNs  lefinisiiudeyasn
Wigane n3eedadey 130 yadoyaludievein1sinuuudiaes audelausuuzves
WuU1a89 WinNN32

2) AnwUTeulfisunszuruniniioudann Transfer  Function  Buq 1y 38
Linear,Gaussian ‘VﬁaSigmoidH Dudu

3) Wionmensaiviinaiilaassnafuidrmihiidussaniam eshndsanid

[%
o

Faudunsoaninuvinliluuinanunsviuniesiaivi wagldiluteyasiulunis
dnduvudtaeuiiefinsinudeyaiiunnwe

U3FTaIYNIU

NIUYaUTENU NIENTINEAsLATANNTal. 2547, n1sussgndldszuulasetneyssamiiey
Artificial Neural Networks (ANNs). nsugauseniu, Aganne.

53%%e Aedeyua. 2544. Back Propagation Network for Flood Forecasting. 1ona13n1s
ussenefives, nsUszgndldmansmatlygivashvglunuianssuuwmeai,
FrnssuanuuvisUsemelng Tunssususgudud, nsanne,
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a0 TuUNRILINTYAUTENIY NSUYAUTENIU. 2551, LaNa1sN1sHNaUTH “AsUszanalyd
Artificial Neural Networks (ANNs) Tusugauszniu”. nsusauseniu

& Ans1fing. 2504, gfiennswensaitnlnslassineuszamifien.aniduianins
vauszyu. nINvauIznIu
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Rumelhart, D.E., G.E. Hinton and R.J. williams. 1986a. Learning Internal
Presentations by errorpropagation, in Parallel Distributed Processing:
Explorations in the Microstructures of Cognition,, Vol. 1. MIT Press
Cambridge. MA.

91



	หนังสือบทความ FINAL 11th TNS 26 06 18 85
	หนังสือบทความ FINAL 11th TNS 26 06 18 86
	หนังสือบทความ FINAL 11th TNS 26 06 18 87
	หนังสือบทความ FINAL 11th TNS 26 06 18 88
	หนังสือบทความ FINAL 11th TNS 26 06 18 89
	หนังสือบทความ FINAL 11th TNS 26 06 18 90
	หนังสือบทความ FINAL 11th TNS 26 06 18 91
	หนังสือบทความ FINAL 11th TNS 26 06 18 92
	หนังสือบทความ FINAL 11th TNS 26 06 18 93
	หนังสือบทความ FINAL 11th TNS 26 06 18 94
	หนังสือบทความ FINAL 11th TNS 26 06 18 95
	หนังสือบทความ FINAL 11th TNS 26 06 18 96
	หนังสือบทความ FINAL 11th TNS 26 06 18 97
	หนังสือบทความ FINAL 11th TNS 26 06 18 98
	หนังสือบทความ FINAL 11th TNS 26 06 18 99
	หนังสือบทความ FINAL 11th TNS 26 06 18 100
	หนังสือบทความ FINAL 11th TNS 26 06 18 101
	หนังสือบทความ FINAL 11th TNS 26 06 18 102
	หนังสือบทความ FINAL 11th TNS 26 06 18 103
	หนังสือบทความ FINAL 11th TNS 26 06 18 104
	หนังสือบทความ FINAL 11th TNS 26 06 18 105
	หนังสือบทความ FINAL 11th TNS 26 06 18 106
	หนังสือบทความ FINAL 11th TNS 26 06 18 107
	หนังสือบทความ FINAL 11th TNS 26 06 18 108



