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ABSTRtlCT 

Add.H:.:l,va <i.U"id muJ,t.iplicativs: mode·ls are :.:a.red to ~alyze tJ,e trend,. cyoli"a 

cal, seasorml" il.nd irregu.!,u; oo:,-:pone11ts of h'atex· CDnsu.>nptioo ti.me se.r.ies .-.:hita~ 

Ev.al ua ti C\!'l o:i.,;i these components opens up impo.rtant oppo.r:t1.u:d t:i. e.s :fo.r improving 

on exii~t ... i!lg r1iater mo.n_,1gt;;;manJ:. /Xl"'\~C}t.i.t::e.s. a.nc? :£~or bc·t'te~r er'l"'alu..ai:J.ng al-te.r.nz1tJ11e 

pol.icy mek.vsures • 

.. 



NEED FOR BETTER UNDEHSTANDI;\iG OF WATER CONSIJ~1PTWN PJ\.TTH1NS 

clear focu.s with tb.e, finding.', of Lobb (1975) with reg,;:rd. to the high costs of 

t~r con.su1Itptic,i1 d.ata (Oh and. Yarna:uch . .i 197il; l,1onctir 1975) ~ This in turn can be 

The um:1ei:1y:lng statisd.cal principles involved are applicable to water con-· 

su:mptio.n data 2t'ii;d involve _proced1.u:es for identification ru:id post1,;'llt,tion of sta~ 

Genera1 Mode'! 

'lypically. the stl~aight.forwa.rd display of aggxegate time series data shows 

a .rising patterr1 for ~easonal. flixct:na:tJ.ons which vaYy over time (Fig, l) • In 

many COX'i\P.lex factors which influence the trend, cyclical, seasonal, and irxegu-

la;:: oomponents of the series, Even if the underlying facto:rs are not fully 

u.ndlEi.!rstood.t t.hes~ sepa:t'at.e componente; <~a.n he hypothesized to exist aft.er careful 

examina tio:n of the data.. ~f".'m:i.s, without any further s,pecificat.ion of the nature 

of the rala.tit:,nships that may be :LrNolvied, a general form c,f t,h.e model can be 

average daily water 
consumption in month 
.m and time interval t 

T :,a trend component 
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C"" eycl:toal component 

S - cyc~l.i.c~1 component. 

I= irregularities 

t.io11.s in the btJ.S.i.ness cycJ .. e and/or long-,:un climatic pe3.tterns, Sltch facrtors ca.11 

casting, both the trend and cyclical ccmpcments (TC) can b-a measured. jointly 

with ti low-order polynom.inal L'l t, the time interval. 

The seasomil (S) component represents those factors whlch ii1fluence t.he 

sert~s to fluctuate in ,t more or less r,.egular pat.tern/ within the year. Such 

.:l.ntra~yeZAr fluctu.ation.s are pr.L"'flarily the result of :major v.hift:s in the weather. 

data ca.n he efficiently :measured by a durnmy variable technique wh:1.ch assigns 

either a 1 or O to eac..h. time lnter..ral depending upon whether or not that inter

val .falls on a pa:rticula:r month of the year, i. f.!. e JanuB.ry 'to December. 

T't1.e i:~reg~lar (J') com.ponent is essent:ial.ly tlie resld1JaJ .. or· 't~hatever varia

tions in the t:L'ile series da.ta that is· not explained systematically by the pre-

v.i..ous C, and S cornpc-nent.s. Such irregularities may occu:c as a result o.f a 

wide vc1..r.iety of factors, such ~ unusual weather conditions, unexpe;::::ted water 

leakages, measurement. an.d/or specification errorss etc. 

T'his general formula.tion. can be fu:i:·t.11.er specified in either additive or 

multiplicative terms depending 1..1._pon the nature of the relationships betwi:ien the. 

V.'trious components. If the ro,;;,ny underlying factors are independent :in th~:::d.r 

influences on the separate compone,n·ts1 then an aud:ltiv,:i :runctio:n is appropr1a:t~,, 

as 
,,..,,.rn - C ut - Tt +. t +St+ It 

on the other hand, if these :multiple influences are interdependent wlth 

. each other J thein a mul tipl:tea tive function i.s more appropria:t~: 

:r.n ~itber case, in order to .sta.tist.ic.':'!.lly analyze th~ d:is::!!rved data. 1 t.he:\Sle 

:models require fu:rther spec:ifications in oper~ti.onal t:e~. 

Exp1icit Mode1s 



'l'hc, none::;..".!?Onf:ntlal form, hctrnvt,x· 1 presents an operational problem. Durr.my VD•,, 
~ ,. 

US·G:Clll. for measuring morithly (or sea.sonal effl$.!cts) and their 

log tra;nsformatiot,s would result in O and - 00 values, res:pectiv{~ly. Per prac

tical pu1'.'.')?oses 1 t .. 11.erefore, only the straight additiv·e (eq. :0 a.'1d the exponcn·~· 

ti ally ri:n.1ltJ.plic,:rtiva ( eq. 2) models are explo:r.:ed. 

L lidditive Model: 

2. Exponoot.ially Multiplicative Mod.el~ 

11 

~ 00 average daily water conswnpt.ion (:tn 10 "OOQ gal rs/day) 

· w ""' month of year 
0 "" ,1anuat"Y {base r1'!onth.) 
1 -- February 
2 = March 
3 """" April 

" 

.. 
11 ,.., December 

.;. = t.i:me int.erval (month) < 

l=l.2 .., J anuary~~Decem:ber 1961 
13-2-'.l. "" January-December 1962 

~ 

.180-187,.. Janua:cy-.July 1975 

.. 

with 

pol::zinomia.'.'. re_p:resent1ng combined. t_,:,end and cycl.ioaJ. 
components, iee. e TC . 

« ~ reg-£ession coefficients 
t - time. interv.als {irnonths) 

i: Bm Xm = 
m=l 

expression of d.u.mmy variables representing sea.."'M)fH!l.l 
(S} components 

rs "" x:egression coefficients 
X = 1 10 dummy variables for rru::m-th of y®&r with 

January as base !filt;,nth 

error term representing l:r..regul~r {I) component? 
assumed to hiE:: 1'1 (O t 'o2) 



'I'he du.'il'rrrty variables ex:pression for: seasona.li ty ~ effects makes it possible 

0 4 
t} 0 J"a.•,:ua:ry : Q,,. =i e::!) + t (Xi + i/1:: 

~ i==l t 

l ½ 
t:i 1 

Feb.:.1cuary : f')4 
~~ "'O + ;;:; c!!:, + 61 X 4 e :'ltl' _;,~ 1 i~ 

i""'l J. t 
. 0 

~ • 
• • 

0;. l = 
4 

t!- 1! 
Decen-he::: «o + E «' .+, Sn X11 + et 

"" i=J. J. 

In rna.trix form, these two operational models appear as follows wltb the 

only difference be:tng the tra.nsformed log cons1u-npti.on values in the :multiplica

tive model. 

.... ,, 
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MATRIX FORMS: 

Q = XB + U {additive) 
Ln Q ..: XJ3 + U foxponent.ially multiplicative) 

.. 
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01.SCUSSION OF RESULTS 

\ 

T'ne stepwise regression. method was applied to the 187 data points,, aach 

representing ave;cage daily water consumpt:i.on for the period covering ;ranua:ry 

1961 to ,:July 1975. In the a...-1alysis: the seasonal (S) vririables were fo.rced 

into the equations while the combined trend and cycl:i.caJ. (TC) variables were 

allowed to enter into the eiqt:mtion acoor<ling to P-levels (,1.00, 3.90) or toler

ance imn.1fficient for further stepping. 

The estimated results ar.e s1.1i-:nma:r.-ized in •rables 1 and 2 for the additiv~ 

and mu1t:tplicative models 0 respectively. High R2 {0.95 and 0.96) and corres-. 

ponding F-;r,a.tios {277 and 307) in both instances indicate very good :model iden

tifica.tions. llJ.thoug·h the slight improvement (actually less than 1%} in the 

multiplicati.ve e,odel migl:!.t su.ggc~st that the major effeGt$ on the ccmibin.~d TC 

and S components are for the most part independ;::mt of each other, a clcser 

exa1ninatior, of the results indicate strong evidence of i.mportan.t. multiplicative 

effects tJmt should not be overlooked. In both mode1st the coefficients are 

computed from data oveL· the ent1:r.e seri.es, The overall mew""! for the series, 

however, :Ls somewhere close to the middle of the period of 187 intervals. Near 

t1iis vicinity, both models are fa.ir1y close to each other. However, differ

ences begin to show up as the estirna.tc:s .mcn;e away in both directions from the 

overall rnean (Fig. 1). In earlier years .• the estimated seasonal fluctuat.ions 

of the multiplicative model tends to be less than those of the additive modeL 

Hoving in the other direction., toward the later ye,ars, the differenc~a are in 

opposite relation to each other as compared to the earlier years, Le., the 

mult.iplicat.i.ve model esti.mates of seasonal fluctuations tend to he_ greater than 

those for. the additive model. In e,;sence, the difference in estimates between 

'the two models is explained ae follows. rn the additi1,.'e model, the TC and S 

components are inde,pendent of each other and, t.her.efore, thes~: components a:!':e 

si!llply added together to a.rrive at the esti.1nated results~ In the multiplica

tive. modal, however o the 'l'C an.d s components are interrelated functionally andD 

therefo:ee, the estimated results are arrived at through more complex mult:i:pli-

cative computations .involvi?g log transformations~ 
' This is better se;;;n 5.n P.igu.re 2 which pJ.ots the obsenred time series and 

component pc::rts for both tlrn additive and multiplicative models. JiJ.though at 

first gle.nce th.ere appears to b,';! little ox no difference between these plots, 

in fact there are important i.nt~e:rpretiYe differences. In the addit:i.ve model, 
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OBSERVED 
------- ESTIMATED BV MULTIPLICATIVE MODEL. 

• • ............... ESTIMATED 6Y AOO!i!VE MODEL 

M 
''\ ~ 

r V~ 
' . 

;_; 

,, 
J 

~: •, 
I 
I 

\ 
i 

.~ 
• ! 
I' 
,i ,, 
ii 
~ 

.. 

{ 
I 

\\ ~ : ti -
' I/ 

9 r J • I _, I u_,J.._,._, w_i,___.,.,,._•=•-••_J_.&. ___ _J • -~ 
. 48 SO '1'2 84 t'G !09 120 f3l'! 144 156 IS$ 180 

TIME IMTERVALS, t. (months) ' 
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cative model, the results are in l_og values~· Therefore, while it is possible 

to simply add ,~omponent parts ira the additive ruodel, in the multiplioa.tive 

Also c1o.so.r .i.m1:pection of the different components reveal Interesting 

resu1tse The levels of irreqular.ities in the two models tend to mcrve in. 

opposite .. directions as t increas-es. 

tend to decrease with t:Lma. 'J:l11s is conDistent with the op.i;icsi te ti."ll.e related 

tendend .. e~ of the two models. 

'l'he combined TC components in both cases e.x.hJ.bit steadily r.is:tng trends o 

These appear to be si.m:tlar in properties but in fact t.here are differ,:mcer:;. 

Al t.hou9h sh.mm here on :non.comparable scale.s, thesa · curi1es can h,c1 co:mpa:red w1 th 

reference to the standardized regression coeff:!.cient.s reported. in Tables 1 

and 2,, In t..11.t-:i addit1t;e model., the fLr.st order coeffici.ent ""l of the polynomlal 

in t is abse:r.t. 'lh.is, in effect., reflects U1e def ini tie ctu:v·al.inea:c trend. 

When 1'C is estimated by the multiplicative model, ~1 is :l.n:eluded aJ1d is equal 

'I'his not only tends; toward flattening 

the curve when plc,tted on the l_og scale. but also captures another. fact.en: which 

influences the level of the TC component. Without this factor 0 the TC .level 

wou1d tend to be lower throughout a goo<1 port:iofi of the period. 

Also 1 in both models i'l: gradual ta_pering effect begins to show up in the 

la.ter intervals. 'I'his results from the neg2.t:hre standardized. coe.fftc:.:te:ets for 

'I'he effect is more p:ronocmced in the rnul tip1icative model" From Tables 1 

and 2 1 the standardized a:3 is -o. 210 for the mul tipl:i.cativ•e model as cowpa:red 

to -0.176 for the u.dditive\model. 

The _seasonal (S) components in hiYl:::h modeJ.a appem: al!! Tu'"'liform flucrtuati.cns 

over time. 

consu.Tt',f>tion patterns are also 1.m.iform. 

tio:n ;,re computed using both the TC and S co:rpe,n,'?!nt.!,. X t tm::1:.::1 out that a 

sc.(1 .. sonal_ flu.ct119,tlo.n.s i.n \,iJa.ter c-ons.u.r11:pti.o.n o The uniform s com.1:;ionent. merely 

(Fabruar.y to December} " 

yea.r as a base month. 

'1:hez,a estimates are co1r,_puted using ,January of e;,,.ch 

t.he consumption level foY:: this month is accounted for only by t.he TC lev,3L 

vali results .in a h.1.gher base month, 
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.. 
.,. pattern of Bm is repeated in successive years, t::1e rising base months applied 

to t.hi.s constant patton,of Sm will t,,,;ncl toward Ja_rg0r. seasonal fluctuations, 

ll.gatn the· m?.1.i.n diff~~rence be.tween the two models ls the additive and mul= 

tip1icative manner in which tbes,':). components a"::e a1:iplied in estimating the 

of the TC i'l.nd S COil\POntmts reflect:: more complex. intoractive factors whlch. 

IMPLICATIONS 

'The :tmpHcations of this study extend to both short- and long-run consid

eratJons. For long-run forecasting and capital investments p.la,.ming purposes, 

both models begin with suffic:j_i~ntly hi.gh 'n2 values to be potentially usef:ul. 

However,,, in ,my :forecast:1ng rnc-dele errors tend to increa;;e with distance 'into 

tl1e futtrr,s, arid in the Ccl.se of cur two moc1els o tha mu1t.ipl:lcative model appear~ 

with the mul HpJicati.v~ model. 

Further refinements and analyses of these time series components ar(~ 

mot:hocs fer reducing o,;,re:d.nvestments in rJ,t,;-:oess capacities. If cUs_aggr.eg,~ted 

cfotfl. .i.s us~d :i.n tho r_egress1on a:nalysis, the r-?.snH:s reflected in the ',l:C anc1 s 

com:'.)onents c2m. b,') usefully erqployed to n,3.king improvements .i.n '1'_hi9h-low" checks 

w:i-iich are concucted .routinely by 1cc3!1 wate.r supply ag!;'!nc1e0" 

This .:t:esidua.1 

corrpcne.nt is :nol'"' assumed free of tre::id~. cyclical6 o.nd seasonal lnf.luences& A 

variety of time series techniq1.ms can be used to analyze these residuals. For 

instance 8 adaptive :forecast f:\mctions can be developed and applied to this com-

ponent for the purpose of impro,dng on short.-run.r e_.g. p quarte::ly,, forecasts 

of water. consurr(r?tion and x:evenue rece.i_pt.;; Ct'a-rzen 197.,~, Sh1.~k:Ln 1958; Bo::f. and 
.( 

Jenk:Lns 1970) • 

Understandi.ng of the behavior o.f the vaxious time series components of 

incenti'!ra ,effects of ,!!.ltarnat.ive policy :m~asures am:1 closer :tnt_egr:at:ion of 

,,,.w te.r supply and r.'i.ama.--:id ma~a.gement. 
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