| BEAAEPHANE
#3158 B3% - 1998% 64

‘ pp. 317~326

Wavelet Transforms 0|88t 24229 EMFEAM 2 Cfl ARMAREZ E5t

Water Supply Forecast Using Multiple ARMA Model Based on the Analysis of
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Abstract

Water consumption characteristics on the northern part of Seoul were analyzed using wavelet
transform with a base function of Coiflets 5. It turns out that long term evolution mode
detected at 2'? scale in 1995 was in a shape of hyperbolic tangent over the entire period due
to the development of Sanggae resident site. Furthermore, there was seasonal water demand
having something to do with economic cycle which reached its peak at the ends of June and
December. The amount of this additional consumption was about 1,700 m’/hr on June and 500

m®/hr on December. It was also shown that the periods of energy containing sinusoidal
component were 3.13 day, 33.33 hr, 23.98 hr and 12 hr, respectively, and the amplitude of 23.98
hr component was the most humongous. The components of relatively short frequency detected
at 27[j=1,2,-,12] scale were following Gaussian PDF. The most reliable predictive models
are multiple AR[32, 16, 23] and ARMA[20, 16, 10, 23} with the input of temperature from the
view point of minimized predictive error, mutual independence of residuals and the
availableness of reliable meteorological data. The predicted values of water supply were quite
consistent with the measured data which cast a possibility of the deployment of the predictive
model developed in this study for the optimal management of water supply facilities.
keywordas - ARIMA, multiple ARMA, nonstationary evolution mode, wavelet transforamtion

AAlGAtEe] Halseo] Holvt wavelet HEE ’\}%OFO# BoEAS ?—*.“5}93‘/} Wavelet ®ighe] 7]xgt
FRE Byaake) AL Coifletsh 35, 712-E4x)9] A9 Coiflets3 g AM&sIEom siaddat 27 scale

oA Hiigsl A7) 7kl AR A3lEEo) hyperbolic tangent$He] e ”4“’]{ | A st S7hAE 29
v gg 432 A 7]9} AHE fo] e Aos A7tEle F7RRa0t 699 12 % 1S Yoz A
gom o] F7b FRYL ) 9 1,700 m?/hr, 4719 49 500 m’/hr ¥ Ao ﬂ&%&]‘ﬁt}.
A A AAGR R WA #7188 7171 7kt 313 day, 33.33 hr, 2398 hr 9} 12 hrel Ao
FEERICE FE2 F7)7) 2398 hr°1 o] V} & Rez Wasoer 2/[j=1,2,--,12] scale W Al
e B R Gausxlcm PDFE uftis= #o] iy} AxpPdie] Au&mas ritpkolset FPES 343}

Z JEeR & #He EBErodo fl@ﬁ]éiséﬂl’v‘? 78 duExrtEss vl AR[32, 16, 2317 il
ARMA[20, 16, 10, 23191 Ro wekyck
SAl20] : AIRIMA, CFY ARMA, H|HAF RIsE &k wavelet P18t

« Ay EEE) Y

s AN HEE ARIEY

H31E FIM}E 1998% 6 317



1. 2

Q. dSuEe o ARAAY, AlAIG A A
At AR SEAzElE shuel SR Eiaske]
71w e fexEaRy By JdFeh o
¢4 ARMA X3(Johansson, 1993) Yo FH3}
g2 Utk ksl Rge) A AADAe] 3
& PR RIAE APHSled S AERRE et
A F dl J908e] 49 At v )JLL QA
7H} QAjdol] MEAHon ik uks Hog way)

AE QAEH RIS Be-g 1995). J1efu ol el

L BT

ARrel AE EYAo] ol mgin AlAdalse] o
& 9Bl AAGA ] ake n)R)Es SRiol R
9] Qﬂ' o] defrjojol sl gt A s o]
’J—Or ]Gﬂ Zoliz et At fubEich bzl

S R
vi]aOPOJ AlAA
Aol Al i ] A AAAEE
Sl 7}@‘31]"1 ZWEHBox et Jenking, 1976;
Kottegoda 1980). #F7PAEA S 7’:7]*3“%7 e
Al s)7EAy } spectral analvsis®
‘EH] Slod 319
Q1] XP‘L’]‘
spectral analysi el 9-8l%):: Fourier #Hghe]

A VIARR sinusoidal 5 ARESRo R A o

o?f. W8 ox off 2 [

—.>L
[
ki
s
i
oi:

f1ltcrmg.,_"r

2 Faaod ol Aol Aunke alyer W el o
o gk whdollA] Alved oAl e] ‘éil‘* 4
s thdo] Qluk wepa] ajHEgl 713 go 3
glo] Wal Sow opyjyl AErie] Walriyol ZAs)
o mirbel wgAon gast 5 gtk F2b¢)
Hig bl g o iz AU stationary

time series) o €H8¥)ic ARMAR3, 477 2
A sl gl EAshs v A (monstationary
time scries) ©f #8453 ARIMARE ‘So| 9lou}
AALl WAlshs S AR W feis
hishtd o vml‘f} el A Al AR s
oflel & glo]  Foprt @itmlth ulgl
ARMA x&e] 4% SladaAda}iiol L]] Azk= 1

Qg SfRE Hawlsl] sl “AAAA)

o] ‘a HA 5

alf=ol

WA} 051

HE e fxlEl: AlEEel

-l

318

At FARIE S e
upebd] T e o)
FeAle] HAdo] FE] v
g olego] Sabglch #i
2 Fourier WA=
1994),  Burt-Adelson2]
pyramidal algorithm, quadrature mirror filter2t
sub-band coding(Strang® Nguven, 1996) %%
83k wavelet WHEEo] AV Ruskal o
1992 Walter, 1994). Wavelet #Hgls)ase -
3k support & z2h= 7)&

o] sinusoidal Tl ‘%‘

=

= of
gt
b

= offl
_\9
r_F>'_" v
i
=2
o
0?-
Oﬂ"

method(Krauss %,

81t supportd ZEal A4S sk wavelet 84
& AR Aol Falgedoll o] Yum
7Eopjzh g7)7tel AR wskrolst ge HARE o
doliel A¥E felapd = ek B el A
S A H] 111_4, JFRLVE 2 LO]H"A—O I;HA}-
o7 1995 % AgA A k) ] e Al

AN slel AAllAbe] Hslseol wlow—
wavelet sIM7IHE ARESle] Arua) 72 Aatn
o il 431 WspIEE pHs olf Mo

:;;1}_%1%5#74]91 FAEAMo]  FHE did®l ol
ARMARSES dslo] aeidle] 7Psde 7k

sfarz} ok
2. Wavelet Transform

o] olsv]

Wavelet transforme vlga}

c =

[ a2 ar ()
AN () oF 2P = A7 wavelet 8 AlAD
LR wavelet WHEAIS ¢ 3= wavelet
3kt supportE ZE7) wjEo)
Fourier W3lofjAje] Fvlofl sids]s scaled}t A3}
£ o] g7t dlvh AR o] AMEER: wavelet 3
T AAERIES] A7l AR WelEee)rt p A}
o 12 HFE % 2 )9
T dAgElojop Ajge)
o AR = o) (Krauss %5, 1994)

PARERES

B4 7o

EERERE

moment7} ‘41 wavelet
ol ]Ao 9H

P = fktkf/)(l‘)dt (2)



Scaling function

1

05 \/\/\
0
5

G 10 20

Decomposition low-pass filter

Reconstruction low-pass filter

Fig. 1. CoifletS Wavelet Function,

o3

z(#)

= ﬁa,t" (:
J=1

2 (2)olM m, = wavelet $2] £ 2} moment,

R 2 wavelet $r2] support® vlERIM AJAA

s 2(H o uiAleRE A7iEE A Ee]l A (3)3
o] n ARkl o KLejulis A9
m,=0[j=1,2,k k> nl% wavelet 3F5%

AN el wavelet WA ¢ 5 4o
=] ]LP\% F71ktel #Hz WHskge)7} high-band
filtering-& &) wh7lgior HE R4 5 9l
oh el gA] Ak AE AR HESE dal g
(el Azl wzAge] nwA axke] vhakrloil Kej

Acx sekslo] 12f 2% 3% 424 moment
7} Folal 27-12) support® 28T Coifletsd 3=
3 waveletsfiAle] Mkt A4gsldrt Discrete

5=

wavelet transform =8JupAol A #EAEH= aliasing
problem2 #1437l 9l 4% quadrature

mirror filter-s high -band filter, low-band filter
o} olo]  aiEEi Coifletsd 39}
function{Coifmani Wickerhauser. 1992)2 Fig.
Lol EAl39IT)
Fourier ®slol|Ale] 5710

scale

afdE]is scaleid 29] A

o 127, j=1,2,,12), % dyadic scalei W
A 719 A st discrtete wavelel
transform(Mallat, 1989)2] ZAik= 7}zZ} Fig. 2%

BIE BIH 1998%F 68

Continuous wavelet transformtf

Wavelet function
1
0.5
0
-0.5
0 10 20
Decomposition high-pass filter
0.5
-0.5
Reconstruction high-pass filter
0.5
-0.5

lts Scale Function and Its Quadrature Mirror Filter

Fig. 39 EAl5kct
filerting & i%ahd 228 st 2 ¥ gealeolld %
713l A Hslsolir AR oA Baje) W

g olgler Fig. 3ol mAld tE 19961 o] el

Low band®} high bhand

x 10*

Water supply from Guyui

1000 2060 3000 4000 5000 6000 7000 8000
time

scale

1000 2000 3000 4000 5000 6000 7000 8000
time

Scale of colors from MIN to MAX

Fig. 2. Continuous Wavelet Transform

319



1000 2000 3000 4000

5000 6000 7000 8000

Fig. 3. Water Supply and Its Long Term Evolution Mode Detected at 2  Scale

hyperbolic tangent $=2]
A7 Az 117‘25]— Z7E B9tk
e Tzk] AAEAAe) 1R AlAE ARk 2y
L FEuiL) RESEe] e

) FPeE AR S gle] 4ol

Pl B U
2l

ol

gk o
Zpae] AukS QA olo] gk muh e 9
QUM b RN rol ol e W]

ool # Zow waeh wek HY] Fe A7IF)sh

DR Wdo] AL o AE: f/H‘-M 6/
3120 KS FHow J%‘é}tﬂ o] F7hraske ohd
78] 79 1700 m*/hr, 121)4:2) A 500 m®/hr
AEQ Ao wEAerk w27 [;=3,4,5,6,7,8]

scaleoll ] ¥EE]l TS AAAIGRolA Alg
pavele WA Ak S7)7F 2 12, 2398, 46,
75.18, 149.25%F 303 hrsl e "1415]91"} A
Ad=} oA 2 scaleolH 3
B5olR Falek § kel

oF - R 2
wgle] Ealss AEsl
256  pointellAe]  Fast Transform
algorithm % ©]8all spectral analvsisS 38514
ow HAlAGRIRA: T 0.005, 0.0133, 0.03,
0.04179F 0.0833 hr ' g1 F1Adte] vlAieh= 4o
2 gaEn o]lE FUIE S 833 day, 3.13
day, 33.33 hr, 2398 hr ¢ 12 hr7b "l 2132

SR e LHZH Sh= i
F714del didt wavelet
93 Hanning window ¢F

Fourier

Atz F717F 23.98 hrol ARo] 7by Zw 1 9
Zy\E(olat P) o HEL ns3 Ao uehto
o A me] FER} e vkt pk

PRJSS doy = 56229 . 10 Se 2.0966¢
Py am = 7.8290 - 10 %™

320

Poysgyq = 7.7890 - 10 3¢ 1152

Poyags s = 1.5758 < 10 g T2B3L

P, = 6.0089 - 10 3 g 1.05m
7|14 iz s, ol 718 Hehdvh
270 j=1,2.-,12] scaleclr =¥ d57]d@ o]
3} detail)e] @&UL3¥olst PDF) ¢ F7H2iEgh

= Fig. 40 =281tk Qwtyel FA1shs idel|
/l—H; Fr|a RS AAER  Axlx Fsdshi
wavelet g olgs] M ZAF  spectral
analysis® 28] Z2A24 <z FHFshs 7R
T AN G9oA) R H$ sinusoidal wave?]

ez MEEs AL ofuleh= ARo] el A

o) RS 2 Fig. 49 EAH o5
21[j=1,2,-,12]  scale®lq¢] w;f:mgsu;o]
Gaussian PDFE whEchs Ao #olsld 39 B

v} Al g dSndptE Thseteel vk

t} #Z At Ravleigh PDF, 1% ¢ & uniform
PDFE  wels  yasuzos  Hgw A9
Gaussian PDF# miEs FALRES 98 + 3

| = R spcctrdl dﬂdl\ sisE Bell AAEd QxkR
HAGFsh= 7] A P & sinusoidal wave® X3
s} shu] 7%} 3} }& 717} Rayleigh PDF, 9142
uniform PDFE uwEis Faepi=kes  #Hiiepd
P ¢t P © Hilbert W3 P & vh33 21

P= Acos(wt+e)
P= Asin(wt+e)

BEKEREERE



x 10* detail at level 1 x 10* detail at level 2
1F - - - 1 . R
0 R N ool l
L RO ANELRAS L T t ]'rrf 0 bfosey bt 4
[T tia b dants 1y
af T
-2 " . " . . 1 . " . —_ a
1000 2000 3000 4000 5000 6000 7000 8000 1000 2000 3000 4000 5000 6000 7000 8000
PDF Cumulative PDF PDF Cumulative PDF
1 - 1 -
0.8 0.8
0.6 0.6
0.4 0.5 0.4 0.5
0.2 0.2 1
0 0 0 b 0
-2 -1 0 1 -2 -1 0 1 -1 0 1 -1
mean=0 x 10* s.0.d.=423.3 x 1p° mean=0.004 x 10* s.t.d.=436.9 x 10
detait at level 3 detai! at level 4
10000 f Y T " . y

1000 2000 3000 4000 5000 6000 7000 BOOO

PDF Cumulative PDF

0.3

0.2
0.5
0.1

0
-5000 0 500010000

mean=-0.042 s.t.d.=861.7

Fig. 4. PDF and Cumulative PDF of

83} o} An]

1]
-5000 © 5000 10000

1000 2000 3000 4000 5000 6000 7000 8000

PDF Cumulative PDF

0.1
0.05

-5000 0 5000
mean=0.6558

Detail Components at 2’ [/=1,2,3,4] Scale

P Ae
Forlb, D) =1128 FA D] J(55)) G e Aaede st
=1/2z- exp[ —1/2( P*+ P2)] (4 ARMAR®RS £ dicuale] 7FaAS Fdsin
2419956 19 1956 69 3097k19] ubr] =}
o7l J i FAeldeke] wiglol] uhE Jacobian  gare) wale] gz AkEsle] 79 |UNE 2
matrixE  2JulEh, 4 (Dol P 1= Gaussian 9 31e7bx|e] Ful|aaE olgdle] Abd¥ wHo
PDFE whess 28 SR13 4= glv HEe ey oel vkl wlwE gast

1000

2000 3000

4000 5000 6000 7000 8000

Fig. 5. Temperature and Its Long Term Evolution Mode Detected at 2 Scale

HB3LE B3I 1998F 68

321



alEane] Aol golalal Bad M 2 AEE A(@a()=Bl@) Tt~ nk) + (@)
= elaEe] shigl vleabiE I ARMA A =1+ag 't tawg ™
slEabiia Adseivl okl ARMALna, nb,

3] o
’ i Blo)=1+bag '+ tbua "
ne, nkl WLEE thal gro] folxn]

Clp=1+cig "+ +cnq ™ )

x10'

2
1
()

-1

2

-3

-4

1000 2000 3000 4000 5000 6000 7000 8000

15
10

0
-5
0
-15 |

1000 2000 3000 4000 5000 6000 7000 8000

Fig. 6. Water and Temperature Time Series after lis Long Term Evoiution Removed

X 108 (1) (i)
2 2
1 1
o 0
A -1
-20 0 20 -20 0 20
time lag time lag
Ciii ) (iv)
0.1 200
0.05 g0 } 7T T T T -
] 0
-0.05 1 A0 b -
0.1 2
-20 1] 20 00 -20 1] 20
time iag time lag

Fig. 7. (i) Covariance Function of Water Supply
(i) Covariance Function of Temperature
(iii) Cross Covariance Function From Temperature to Water Supply
(iv) Impulsive Response Function of Water Supply System

322 BEAEFEEHIE



A7V 2D, T(H, eld), g '¢ nk = B F8 &
A S 7H )
ks East

%, WAyl delay operator9F
dct 19954 7]22k5et Coiflet3
wavelet AT 27 scale oA #5E 71@AAA
Aol WA A7 HsA S-S Fig. 5ol EA18Hch
AL 7L 3ATrel FaskAE kel e
Adzbiiol A Zhzte] s ES feEldo s
Ae & Qe FRE 2e] AAk AAEAE:
Fig. 62l A8l 288 B8 oFx o A54
T3] Holm Helsi= IR [e ] 9 dEd
A gkl iel FPE [Akaike?l final prediction
error]?) HAn3E 7Ees HH gy ARMARE?
s MRs 4 vkl AR[32, 16, 23] i f}-?']
ARI\'IA[Z), 16, 10, 23] X&o] )3l dlFA4EL WG

s
10

o

a 2 -1 U
10 10 10 10
frequency {radhr}

4 I i
<3 -3 -4 L
10 10 10 10
frequency (rad/r)

Fig. 8. Spectrum and lts Phase Function of the
Forecasted Water Supply Solid Line:
Estimated Based on MARI[32, 16, 23]
Model, Dashed Line: Measured)

FILE BIF 199RF 68

or} 7+ Zge) FPEE 7ZP7h 3.506x10° m °/hr’,
3.509x10° m°/hr* 1 L PEVITE 4Rk
e 174]0] t, M L_/H,OA -n“ﬂo}/ Hgﬁ - _/‘:o 9} ]

b2l Auto Correlationd, 71-&2Eiek & PL%}
2ZHie] cross correlation¥-5 ”"“]fﬂml} AR

B 2FEEldch olf upEo R SRpleniAle]
712 ¥zl Impulsive

;3 1

h9l

= gt response
functiong Fopgdo|s skEEen 1 Arke
Fig 70” I:A]—g}oﬂ } ;\q H}, qﬂ maﬂo] oﬂz’;&% ui
7hsl7] 9lsled eyl B 4229] spectrum¥ 94
5 AREEllor oL Zdks vl ARI3Z, 16, 23]
X&e] W& Fig. 8, th ARMA[20, 16, 10, 23]
nael A9 Fig. 119 =Alskdch vbel AREEZ
] ARMARES o]_Q_zﬂ aﬂiﬂ == R Lko] %]

Correlation function of residuals

1 T 1 T T

0.5 ! L 1 e
0 5 10 15 20 25
time lagihr]
Cross corr. function between tam. and rasiduals
0.1 P i =) SR R IS
0.05
0
0.05)
0.1 it el icerdl eoesadivasdioossl seiusotbovoiis Rt W
-30 -20 -10 o 10 20 30

time lagfhr)

Fig. 9. Correlation Function of Residuals in
MARI32, 16, 23] Model and Cross Correlation
Function between Temperature and Residual
in MAR[32, 16, 23] Model

323



August 1st

August 15th

August J0th

Fig. 10. Predicted Values of Water Supply through MARI32, 16, 23] Model
(Solid Line: Predicted, Dashed Line: Measured)

ol ol2i= 8¢ 19455 84 31971715 vkl ARI32,
16, 23] 2&e} 4% Fig. 109, vkl ARMAIZ20,
16, 10, 23] B8] 44 Fig. 139 =Alsislent d

§
10
amplitude
»
‘o ey wati Sordcsndncimdiaduhal. PEN R
-3 -1 U
‘H'f1 10 10 10
frequency (radmhr)
x 10
1 Siame T
NJn
1]
-1 i " i L
a 3 - »
10 10 10 10

frequency (rad/sec)

Fig. 11. Spectra and lts Phase Function of the
Predicted Water Supply (Solid Line:
Estimated Based on MARMA[20, 16, 10, 3]
Model, Dashed Line: Measured)

324

o717l HisiHE 217} Fig. 149 Fig. 150] %4
ek A BEA waA 4 Axs: AL

Slo1s)k 2= = = 1= o z =
silst 4 glom WApYRe) JEsdds 9eEds

Corralation function of residuais

1 1 T T '

-30 -20 -10 o 10 20 e

Fig. 12. Correlation Function of Residuals in
MARMA[20, 16, 10, 23] Model and Cross
Carrelation Function between Temperature
and Residual in MARMA[20, 16, 10, 23] Model

BEARRRERE



10000

8000 3 A
soto | A
4000 |

2000 (I

-2000 F

4000
August 1st

August 15th

August 30th

Fig. 13. Predicted Values of Water Supply through MARMAI20, 16, 10, 23}
Model (Solid Line: Predicted, Dashed Line: Measured)

megsured

285 2 TAs A ThE 6 o5
predicted x10*

Fig. 14. Predicted Values of Water Supply
through MARI[32, 16, 23] vs.
the Measured

oF AT %

9] correlatmn h,

TEYAE Rlisb] fls AR
Zapel 223k cross
correlation function® AH&EsIler 1 Ai= v}
¢ AR[32, 16, 23] =3 01 2% Fig. 99 thd
ARMA[Z20, 16, 10, 23] ®&9| 4<% Fig. 12°] =
AlBlAcE 95 %9 RFeledelx Hgde] A

Row #ebEo] vl ARMA EHE derd iAol

ey 4 s Aow dekch
4. 2 2

Howe$} Linaweaver(1967) ©]% tjf-&o] o=
e B o= Aed 5o 2xet e 7)FHE]

=

FE31% BIW 1998F 68

x10*

15

meapured

0.5

-1

-1.5

-2

25 . . , \ .
25 2 45 4 95 0 05 1 18
predicted x10*

Fig. 15. Predicted Values of Water Supply
through MARMAI20, 16, 10, 23]
vs. the Measured

2

| e uAEE esh /|FEsel NEs e
Re AMA Fa2 PEthe 398 el wAs)
o A} e A & ol 1} v

(<0

ol B2 A7 FAEY e Al AEH FaE 7
AEUE AP dynamic effect, ZHA#e 74
A el AEA f=ae] @yl wlEgichs AR9AL
%49l state-dependent effect} 7]e-Hislol] we &
Fo TV FE e AAY wel Wt
hysteresis@4o] ¥ AkAlERS 1143 &R

ol sfgte] S8l QrKMiaou, 1990). ¥ 7l
A ol AgH Al tAsl & 7:301] g
& vAE ARrelalE AEsE 2 ee] FH5o)

325



Hand golgh vextas Yerbiie E8shs
ARMA &S 538 sdazle] 7hsde 7hishal
2 AgaA AagE nas afer) e EE

LH)\]—O = /%}Aao HEr' 171“04%

AEkal AlAlE AR
o) Ralsdo] Holuk wavelet 3RS ARSSto} -
7] A AEH e BAsilth reldad Al
7 Ak AAlAbRe] alME f18h wavelet
7IMsRERs 12k 23k 3xek 4%
moment7}  &elit 2%-19]  supportd  ZT
Coifletss §Hpe] Haligelo] 71 $raioivh siA]
Axb 2 Yscalecl ) A7l Az ASRE
godo ] Bt & QIgirl 1996x% el ardell A

-
TFE) 42k hyperbolic tangent#52] Hej= 1‘

transform$]

o]i;% Al )\] 7k

bl AR pEst S Belem wk dv] &
o AFIIS UAs ghele) e slow %ﬂﬂ%
Z et 6013 1201 k5% FHom whash o] 3
71~r3ab°~ aa71e) A9 1,700 m'/hr, 12JJ,4<91
- 300 m/hr ARl Aol WSE @’T%}

*3"&% AR ] WARE YA T 2
3.13 day, 33.33 hr, 2398 hr ¢ 12 hrel /}io
aEgen, HMEL EV7) 2398 hrol Aol 7
Aoyl 2/ [i=1,2,--,12] scaleciH
E.‘él R | A REE Gaussian PDFE wEs 4
= ;q o]:,o hj_q, A]].ﬂoﬂ ‘1_1451_ ]% g_ao /HUL
9] /1"6"301 ARE R e 2Rl AdEEe,
(mp o9} FPE(Akaike®| final
error) 9] sk 7lFEow & g Bl
dErygor= 7]&8 JAxFEs
16, 23]3 Tl ARMAI20, 16, 10,
etk

ol Fy

£

O |

o |

prediction

a.afe] 44
ol AR[32,
23191 Ao

2Atel 2

Booghs 1997ER MeAlR
}“jﬂ]oﬂ [} SH —1 _[16155_]_ 7;19.&; 7‘}'?].01]

Jo 718 el

Wk

I

golgk ®Ee (199%5). “Arieawe] vhleE” o
shatsle T Btal x|, 4|94, A5

Box, G.EP. and Jenkins, GM. (1976) Time

326

series  analysis—forecasting —and  control.
Holden Day, pp. 174-175.

Coifman, RR., Wickerhauser, MV. (1892).
“Wavelet analysis and signal processing.”

Wavelets and their applications, Edited by
Ruskai, M. B., Jones and Barlett Publishers
International, pp. 153-178.

Howe, C.W. (1967).
“The impact of price on residential water

and Linaweaver, F.P., Jr.

demand and its relation to system design

and price structure.” Water Resour. Res.,

Vol 3, No. 1, pp. 13-32.

(1993).
identification. Prentice Hall International.

Kottegoda, N.T.  (1980).  Stochastic
resources technologv, The Macmillan press

Johansson, R. System  modeling  and

water

L'TD.
Krauss, T.P., Shure, L. and Little, J.N. (1994).
Signal processing tool box. ‘The Math

Works Inc.

Mailat, S. (1989). “A theory for multiresolution
signal decomposition: The wavelet
representation.” IEEE  Pattern Anal.  and

Machine Intell, Vol. 11, No. 7, pp. 674-693.

Miaou, S.P. (1990). of lime seres
water demand models  with
climatic effects.” Water Resour. Res., Vol.
26, No. 2, pp. 169-178.

A class

nonlinear

Ruskai, MB., Beylkin, G, Coifman, R,
Daubechies, L, Mallat, S, Meyer, Y. and
Raphel, L. (1992). Wavelets and their
applications. Jones and Barlett Publishers
International.

Strang, (. and Nguyen, T. (1996). Wavelets and
filter banks. Wellesley-Cambridge Press.

Walter, G.G. (1994). Wavelets and other
orthogonal svstems with application. CRC
Press Inc.

<HEE A4 1998y 49 259>

BENEREERNE



