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CHAPTER 1

INTRODUCTION

Nature o f the Problem

Water has held man's in te re s t  fo r  c e n tu r ie s , and a considerab le  body 

o f knowledqe has been developed about th is  s u b je c t, bu t i t  has on ly  been 

considered on ly  re c e n tly  by dec is ion  makers in  an economic sense. Be

cause water is  requ ired  to  sus ta in  l i f e ,  the thought o f  i t s  being an 

economic good to  in d iv id u a ls  has not been considered a p p lica b le  o r " f a i r "  

by those in d iv id u a ls  who are concerned w ith  i t s  a c q u is it io n  and d is t r ib u 

t io n .  Moreover, w ater has been in  f a i r l y  abundant supply re la t iv e  to  de

mand fo r  most o f  the coun try . However, as th is  s itu a t io n  is  upset by in 

creases in  popu la tion  and water use, a re a liz a t io n  o f  the s itu a t io n  must be 

con fron ted . As Wollman s ta tes  in  h is  1960 p u b lic a t io n , " .  . . w h ile  the 

country is  in  no imminent danger o f  running out o f  w a te r, no longer is  i t  

in  the enviab le  p o s it io n  o f  having enough w ater a t a l l  tim es fo r  conceivable 

u se s ."1 Given the fa c t  th a t water is  an economic good, some thought must be 

given to  i t s  p roduction  and d is t r ib u t io n .  However, as w ith  o th e r economic 

qoods and s e rv ic e s , the amount o f  p roduction  w i l l  depend upon the demand 

fo r  th a t good, among o th e r th in g s .

1 Wollm an, N a th an ie l, "A P re lim in a ry  Report on the Supply o f  and De
mand fo r  Water in  the United States as Estimates fo r  1980 and 2000," Wa- 
te r  Resources A c t iv i t ie s  in  the U n ite d S ta te s , Committee P r in t  No. 7 
(Washington: Government P r in t in g  O ff ic e ,  1960), p . 1.
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O bjectives o f  the Study

The basic o b je c tiv e  o f  th is  study is  to  determine and compare the 

re s id e n tia l demand fo r  water in  each o f  the f iv e  Arkansas Water Resource 

Planning Areas (AWRPA) as shown in  E x h ib it 1-1. These areas are s e le c t

ed in  o rder to  co inc ide  w ith  o th e r s tud ies  c u rre n tly  being in ve s tig a te d

by o th e r researchers concerned w ith  water fo r  the s ta te  o f Arkansas.2 

Although the in d iv id u a l areas have formal names, they w i l l  be re fe rre d  to  

as sim ply watershed reg ions , and d if fe re n t ia te d  by number (as defined in  

the l i s t  below) in  o rder to  f a c i l i t a t e  the re a d a b il i ty  o f  th is  study.

ARKANSAS WATER RESOURCE PLANNING AREAS

I .  M is s is s ip p i-S t. Francis and C rittenden  County

I I .  Ouachita and M iss iss ipp i-Tensas

I I I .  White

IV . Lower Arkansas and Benton County

V. Lower Red

In o rder to  accomplish the main o b je c tiv e  o f  th is  s tudy , in d iv id u a l 

models fo r  each o f  the f iv e  Arkansas watershed regions (AWRPA) w i l l  be 

derived th e o re t ic a l ly  and v e r if ie d  e m p ir ic a lly  so th a t comparative s ta t ic  

ana lys is  can be employed on the water demand e la s t ic i t ie s .  The water de

mand models w i l l  be derived i n i t i a l l y  from a composite o f  the s ig n if ic a n t  

va ria b les  found in  s im ila r  w ater research p ro je c ts  as w e ll as o the r theo

r e t ic a l ly  probable fa c to rs . The em p irica l v e r if ic a t io n  o f the th e o re t i

cal models w i l l  re qu ire  the sampling o f  a la rge  p o rtio n  o f the popu la tion  

o f  each reg ion . From the re s u lt in g  data base, regression ana lys is  w i l l  be 

employed to  estim ate water demand fun c tion s  fo r  each region and the s ta te

2 Shu lstad, Robert N ., Joseph A. Z ie g le r , and Eddie D. Cross, "Pro
je c te d  Water Requirements and Surface Water A v a i la b i l i t y  fo r  Arkansas," 
U n iv e rs ity  o f  Arkansas, Special Report 61 (A p r il 1978), p. 3.
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EXHIBIT 1-1

Arkansas Water Resource 
Planning Areas 

(AWRPA)
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as a whole. Each o f the reg iona l models w i l l  be compared w ith  the s ta te  

model to  determine i f  there are s ig n if ic a n t  d iffe re n c e s .

To enhance the usefulness o f  th is  s tudy, exp lana tory models ra th e r 

than p re d ic tiv e  models w i l l  be used fo r  comparable ana lys is  o f  the regions. 

Although the p re d ic tiv e  models can be useful to  dec is ion  makers who are 

try in g  to  p re d ic t fu tu re  c o n d itio n s , they can serve on ly  a l im ite d  ro le  

since th e ir  use requ ires  im p l ic i t  assumptions about the re la t io n s h ip  o f 

the in d iv id u a l fa c to rs . In p a r t ic u la r ,  the use o f  p re d ic t iv e  models fo r  

fo re ca s tin g  purposes requ ires  the assumption th a t the p r ice  o f  water w i l l  

remain p ro p o r t io n a lly  constant through the p ro je c tio n  pe riod . This assump

t io n  can severe ly  l im i t  the fo re ca s tin g  a b i l i t y  o f  the p re d ic t iv e  models, 

e s p e c ia lly  i f  the reason fo r  fo re ca s tin g  is  to  in q u ire  in to  e f f ic ie n t  re 

source a llo c a t io n . To avoid the l im it in g  assumptions o f  " a l l  th ings  re 

maining equal" w h ile  p ro je c tin g  fu tu re  resource a llo c a t io n ,  exp lanatory 

models w i l l  be developed and employed fo r  the comparison o f the reg ions.

Not on ly are the exp lana tory models more useful in  fo re ca s tin g  under v a r i

ous assumptions, they a lso a llow  the in d iv id u a l user to  study the re la t io n 

ships o f  the fa c to rs  to  the question o f the q u a n tity  o f water consumed.

Usefulness o f  the Study

In d iv id u a ls  concerned w ith  the sub jec t o f re s id e n tia l water demand 

can b e n e fit from the research e f fo r ts  o f  th is  study. Both dec is ion  makers 

and researchers concerned w ith  lo c a l,  s ta te  o r na tiona l re s id e n tia l water 

demand can f in d  usefu l and meaningful in fo rm a tion  w ith in  th is  study to  a id  

them in  th e ir  endeavors. Although few in d iv id u a ls  w i l l  f in d  the answer 

in  f in a l  form th a t they seek to  p a r t ic u la r  water demand questions w ith in  

th is  volume, most can b e n e fit g re a tly  from the em p irica l re s u lts  achieved 

by th is  work.

On the loca l le v e l,  th is  study can serve to  a id  fu tu re  urban water
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system planners w ith in  the s ta te  o f  Arkansas. C u rre n tly , many misconcep

tio n s  seem to  abound w ith in  the f ie ld  o f  w ater system design. Water de

s igners fre q u e n tly  d o n 't acknowledge th a t the p r ic e  charged re s id e n t ia l 

users o f  w ater w i l l  a f fe c t  i t s  usage. A statem ent contained w ith in  a te x t 

book on s a n ita ry  eng ineering re f le c ts  th is  sen tim en t: "Rates are obtained
3

by d iv id in g  the system costs by the volume o f w ater d e live re d  . . . "  When 

ra tes are derived  in  th is  manner, the designer must use some means o the r 

than water p r ic e  to  determ ine the s ize  o f  the system th a t is  to  be b u i l t .  

However, the s ize  w i l l  determ ine the s ize  o f  the system th a t is  to  be b u i l t .  

However, the s ize  w i l l  determ ine the costs in v o lv e d , and th e re fo re  the 

ra tes  o r p r ic e  to  be charged according to  the textbook ju s t  mentioned. I f  

the p r ic e  o f  water is  no t a fa c to r  in  determ in ing the amount o f  water used 

by the households, then the households could a d ju s t t h e ir  usage to  the 

p o in t th a t the e x is t in g  w ater system is  no t the optim al s iz e . This could 

re s u lt  in  a d d itio n a l costs to  the c i t y  in  having to  expand i t s  w ater system, 

when the optim al s ize  could have been b u i l t  in  the f i r s t  p lace.

On the s ta te  le ve l th is  study can c o n tr ib u te  in  the areas o f  resource 

planning and w e lfa re  p o lic ie s .  As popu la tion  increases and water becomes 

in c re a s in g ly  scarce in  some pa rts  o f  the s ta te  the need to  develop e f fe c 

t iv e  and e f f ic ie n t  water resource p o lic ie s  w i l l  become more apparent. In 

p a r t ic u la r ,  p o lic ie s  which a f fe c t  the usage and d is t r ib u t io n  o f  cu rre n t 

water supp lies w i l l  have to  be developed. In a d d it io n , scarce c a p ita l im

provement funds w i l l  have to  be a llo c a te d  on a se t o f  c o s t-e f fe c t iv e  p r io r 

i t ie s  which r e f le c t  both e f f ic ie n c y  and e q u ity . As w i l l  be exp la ined in  a 

la te r  sec tion  o f th is  s tudy , the water demand models can be used to  e s t i 

mate the e ffe c ts  o f  various p r ic in g  p o lic ie s  on water use and to ta l expen-

3F a ir ,  Gordon M., John C, Geyer, and Daniel A. Okun, Water and Waste- 
water Engineering (New York: John W iley and Sons, 1966), V o l. 1, p. 14.
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d itu res. They can also be used to help determine the e ff ic ie n t  a lloca

tion  o f capita l improvement funds. However, the authors do not intend to 

suggest that th is  one study would provide s u ff ic ie n t grounds to assign 

water development fund p r io r it ie s .  Other economic and noneconomic factors 

must also be considered e .g ., water supply schedules, population densities, 

p o lit ic a l s itu a tio n , and equity.

In addition to assisting the state resource planners in developing 

po lic ies  to a llocate  water resources, th is  study can serve also as a valuable 

aid in predicting future trends and levels o f water usage and water require

ments fo r the sta te. The forecasting o f fu ture water use is not new. Most 

studies use a "water requirements approach" which usually combines projected 

economic data with estimated water use co e ffic ie n ts . This approach does not 

consider e x p lic it ly  the e ffe c t o f price on the use o f water nor does i t  us

ua lly  consider the e ffe c t o f various economic po lic ies . I t  generally assumes 

that the trends which influenced water use in the past are stable and can be 

extended in to  the fu tu re . However, the quantities o f water used are highly 

dependent on the prevailing objectives o f society and upon the methods and 

purposes o f water use (e .g ., whether fo r industry or ir r ig a t io n ) ,  upon eco

nomic po licy (whether fu l ly  priced or subsidized), and other variables that 

can be influenced by public po licy . I t  seems reasonable to question the 

usefulness o f water requirements projections per se since these other fac

tors are e ithe r so dominant or uncertain in the long run as to be undepend

able fo r decision. Because o f the uncerta in ities  surrounding future water 

po lic ies the water requirements approach to forecasting future water use 

is not l ik e ly  to be very re lia b le . Moreover, when incorporated in to  water 

planning programs i t  tends to re su lt in s e l f - f u l f i l l in g  prophesies, i . e . ,  

the projected requirements are often used to generate support fo r specific  

water projects.

This study places major emphasis on an a lte rna tive  approach which
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analyzes the influences o f the factors tha t control or influence the use 

of water. This approach deals e x p lic it ly  w ith the determinants o f water 

use including price and public po licy . Forecasts o f water demand must take 

in to  account the d iffe re n t values o f water used fo r  various purposes. Wat

er does not have an unlim ited economic value. Moreover, differences e x is t 

in the incremental values o f water used fo r d iffe re n t purposes and water 

users tend to decrease th e ir  water use with increased prices fo r  water. 

Reallocation o f water resources can be expected to occur as the e ffe c tive  

price o f water increases. Consequently, fu ture forecasts o f water use 

should consider demand schedules which re f le c t the incremental value o f wa

te r in a lte rna tive  uses. These demand schedules should consider both quan

t i t y  and q u a lity  characte ris tics  since these are inseparable.

From a macro or national le v e l, the resu lts  o f th is  study can also 

contribute to the general level o f knowledge of water demand developed 

over the past twenty years. Since the m id - f i f t ie s ,  researchers have attemp

ted to v e r ify  em p irica lly  various models to explain water demand. While 

they have improved successively both the models and methodology th e ir  re

sults have often d iffe re d . These differences can be traced, in  large pa rt, 

to the use o f d iffe re n t techniques and sample populations. The incompati

b i l i t y  o f data bases, moreover, prevents a meaningful in te rp re ta tio n  o f 

these differences. Whether, and to what extent, the previously observed 

differences are the re su lt o f d iffe re n t techniques or data bases is  a ques

tion  which can be addressed in th is  study, i . e . ,  a single methodology w i l l  

be applied to a common data base. The resu lts  o f th is  study can add mean

ing to what otherwise is a set o f d is jo in ted  research studies dealing with 

a s im ila r top ic .
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The purpose o f th is  chapter is  to review studies related to the e s t i

mation o f the res iden tia l demand fo r water. The review w i l l  proceed chron

o lo g ica lly  and concentrate on those studies which made a s ig n ific a n t co n tr i

bution. Consequently, i t  is  not comprehensive, nor is  i t  intended to be.

A summary o f each o f the studies w i l l  be followed by a summary discussion 

and observations on the state o f the a rt.

The investigation o f the economic re lationships tha t e x is t between 

water consumed and water price and income levels is  a re la t iv e ly  recent 

endeavor. Before the 1950's, almost no work had been reported in the pro

fessional journals on the subject o f domestic water demand. In 1957, how

ever, Harris F. Seidel and Robert E. Bauman published the results o f th e ir  

work which appears to be the f i r s t  major reported attempt to corre la te  wa

te r  usage w ith the price of water.1 In th is  study, the researchers use ag

gregated water production data and construct a simple lin e a r regression 

model to estimate the e ffe c t that the price o f water has upon the amount o f 

water consumed. Although th is  study remains noteworthy as a major early con

tr ib u tio n  to th is  f ie ld ,  i t  contains several s ig n ific a n t shortcomings which 

include the use o f aggregated data, the use o f production rather than d is 

tr ib u tio n  data, and the use of average price as the only explanatory variable. 

Moreover, the estimate o f average price is  made from a sample which in -

CHAPTER 2

REVIEW OF RELATED LITERATURE

1 Harris F. Seidel and Robert E. Bauman, "A S ta tis t ic a l Analysis o f 
Water Works Data fo r 1955," Journal o f American Water Works Association 
49 (December 1957): 1531-1566.
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cludes a large number o f c it ie s  which charge f la t  rates. This estimate 

tends to bias the resu lts  since f la t  rates remove the motive fo r  an in d i

vidual customer to vary water use w ith p rice , the very re la tionsh ip  tha t 

the study tr ie d  to determine.

In 1963 Manuel G ottlieb  published the resu lts  o f his study which con

centrated on an attempt to determine demand e la s t ic it ie s  fo r  both income
2and prices w ith respect to water usage. Using two separate time periods 

(1952 and 1957), he produced a comparative s ta t ic  aggregated m u ltip le  re

gression model which containes both income and price observations as inde

pendent variables and the amount o f water used as the dependent variab le . 

The water use va riab le , however, includes to ta l water production and, 

consequently, overstates res iden tia l water use.

His 1952 regression resu lts  reveal price and income e la s t ic it ie s  o f
2-1.23 and .45 respective ly w ith an R o f .67, while his 1957 model shows

2price and income e la s t ic it ie s  o f -.65 and .58 respective ly w ith an R o f 

.69. His estimating equations take the form: 

log Y = log a + b log X + c log Z 

where: Y = consumption ( in  m illio n s  o f gallons per year)

X = average household income (in  do lla rs )

Z = average price ( in  cents per m illio n s  o f gallons)

In November o f 1963 J.C. Headley published the resu lts  o f his in -
3

qu iries in to  the re la tionsh ip  between income and water demand. Although 

he acknowledges tha t many variables can e ffe c t the quantity  o f water de

manded by a household, Headley selects a data set which is  nearly homogene-

2 Manuel G o ttlie b , "Urban Domestic Demand fo r  Water: A Kansas Case 
Study," Land Economics 39 (May 1963): 204-210.

3 J.C. Headley, "The Relation o f Family Income and Use o f Water fo r  
Residential and Commercial Purposes in the San Francisco-Oakland Metro
po litan  Area," Land Economics 39 (November 1963): 441-449.
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ous with respect to a l l variables except income. This is  accomplished 

by selecting a sample o f fourteen communities w ith in  the San Francisco 

Bay area, most o f which have iden tica l rate structures and c lim a to log i

cal conditions. His raw data is  obtained from the U.S. Census and the 

ind iv idual water companies o f the communities. He tests his model by 

using data fo r  two d iffe re n t years; th is  enables him to cross-check the 

resu lts o f the cross sectional models as well as to formulate a simple 

time series model. He demonstrates a d e fin ite  pos itive  re la tionsh ip  be

tween income and the quantity o f water consumed by the households, as 

well as an e la s tic  re la tionsh ip  with respect to income fo r both 1950 and 

1959 (1.49 and 1.29 respective ly). However, his time series model does 

not generate s im ila r resu lts fo r  the income e la s t ic ity  o f demand which 

ranged from .004 to .406 fo r the 14 communities over the nine year period. 

He concludes tha t the time derived e la s t ic ity  would be more useful in pre

d ic ting  future demand, while the cross sectional derived co e ffic ie n t would 

be more useful fo r an ind iv idua l water company contemplating a rate change.

A th ird  noteworthy a r t ic le  appears in the professional lite ra tu re  in 

1963, i . e . ,  the work o f J.W. Mil liman appears to be the f i r s t  study by an 

economist dealing w ith the theore tica l aspects o f urban water demand and 

supply.4 Although he concentrates his arguments on the problems o f sup

p ly , he observes tha t the pric ing  systems as typ ica l in the industry seem

ed to have been counter productive w ith respect to resource a llo ca tio n .

The declin ing block rate pric ing  systems, the most common form o f pric ing  

metered water, "are a vestige from the days when water supply systems had
5

a great deal o f excess capacity." The author observes tha t the rates had

4 J.W. M illim an, "Policy Horizons fo r Future Urban Water Supply," Land 
Economics 39 (May 1963): 109-132.

5 Ib id . , p. 119.
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become in s titu tio n a liz e d  and had not been changed to adjust fo r  the a lte r 

ations in resource a v a ila b il i t ie s .  In p a rtic u la r, water p ric ing  was based 

on the po licy o f recovering the o rig in a l cost o f the water system. Mil l i 

man advocates the use o f marginal cost p ric ing  o f the water to urban users, 

and centers his reasoning around tra d itio n a l supply and demand analysis, 

thereby recognizing the importance of determining the urban water demand 

function and its  e la s t ic it ie s .

Charles W. Howe and F.P. Linaweaver use cross sectional data from a 

sample o f th ir ty -n in e  areas scattered across the contiguous United States; 

the sample is  selected such tha t there is  substantial homogeneity in the
6

physical and economic characte ris tics  o f the dwelling un its . The data 

set contains information on inside and outside water usage (estimated from 

seasonal d iffe rences), id e n tif ie s  metered and f la t  rate p ric ing  systems, 

septic tanks and sewerage systems, and id e n tif ie s  apartments from single 

fam ily dwellings. Using m u ltip le  regression analysis they estimate sepa

rate demand functions fo r domestic or in te rna l water use and external or 

sp rink ling  water use. The generalized structure  o f the domestic demand 

function is :

Qa’ d = f  ( v , a , d p  k , pw, n p  ( rp i) )
where:

Q a,d = average annual quantity demanded fo r domestic 
purposes in gallons per dwelling u n it per day

v = market value o f the dwelling u n it in thousands 
o f do lla rs

dp = number o f persons per dwelling un it

6Charles W. Howe and F.P. Linaweaver, "The Impact o f Price on Resi
dentia l Water Demand and i ts  Relation to System Design and Price S tructure ," 
Water Resources Research 3 (1st Q tr. 1967): 13-32.
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a = age o f the dwelling un it in years 

k = average water pressure in psi

pw = the sum o f water and sewer charges tha t vary w ith 
water use, evaluated a t the block rate applicable 
to the average domestic use in each study area

np = number o f b i l l in g  periods per year

( rp i)  = regional price index

From th is  generalized model, three separate models are developed 

fo r  subgroups w ith in  the sample set. The best f i t t in g  reported lo g -lin e a r 

equations are:

I Metered dwelling units w ith public sewer systems;

Qa, d = 206 + 3.47v - 1.30pw (R2 = 0.72)

I I  F la t rate p ric ing  to apartments using public sewer systems;

Qa, d = 28.9 + 2.39v + 33.6dp (R2 = 0.89)

I I I  Metered price system connected to septic tanks;

Q a,d = 30.2 + 39.5dp (R2 = 0.96) 
For the external or sp rink ling  water demand, factors tha t a ffe c t the 

lawn are considered, e .g ., the amount o f ra in fa ll and the evapotranspira

tion  ra te . The generalized function is :

Q s,s = B0bB1 (Ws - 0.6r) B2 Ps B3 v B4 u
where:

Qs,s = average sp rink ling  demand

b = ir r ig a b le  area per dwelling un it

Ws = summer potentia l evapotranspiration

r s = summer p re c ip ita tio n

pSn = marginal commodity charge applicable to average summer 
to ta l rates o f use

bB 1(ws -0 .6 r ) = a physical requirement o f the lawn determined from a g ri
cu ltu ra l l ite ra tu re .
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The best f i t t in g  models fo r  the subgroups w ith in  th is  generalized 

model form a fte r  trans fe rring  to natural logs are:

I Metered dwelling units w ith public sewer systems;

Qs,s = 1·09 + 207(ws- 6r s ) -1.12ps + .66v (R2 = .73)

I I  F la t rate p ric ing  system and using public sewer systems;

Q = 2.0 + 0.783V (R2 = .64)

The resu lts o f th is  study po int to two major find ings: (1) domes

t ic  demands are re la t iv e ly  in e la s tic  w ith respect to price and (2) sp rin 

k ling  demands are e la s tic  with respect to price but less so in the west 

than in the e a s t.7 Although Howe and Linaweaver recognize the need to 

separate the price o f water in to  i t s  marginal components to  estimate 

sp rink ling  demand, they use average prices fo r  th e ir  input estimates fo r 

the ind iv idua l households.

Another water demand study completed in 1967 was conducted by James 

E. Ware and Ronald M. North whose major ob jective was to id e n tify  the fac-

tors which a ffe c t demand fo r water by res iden tia l users.8 Their in i t ia l  

data set is  collected from 634 households selected from 14 d iffe re n t com

munities in northern Georgia, such tha t there is  a wide dispersion o f av

erage water prices but a re la tiv e  homogeneous set o f c lim ato log ica l condi

tions. I t  is  analyzed through the use o f stepwise computer routines ap

p lied to  various m ultip le  regression models. The in i t ia l  model examined 

i s :

Qd = f  (Xr  X2 , X3. · .X9)

7 Ib id . , p. 21.

8 James E. Ware and Ronald M. North, "Price and Consumption o f Water 
fo r  Residential Use in Georgia," The A tlanta Economic Review (October 1968 
9-13.
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where:

X1 = Number o f persons per household 

X2 = Number o f bathrooms per household 

X3 = Use o f dishwasher 

X4 = Use o f clotheswasher

X5 = Ownership o f automatic lawn sp rink le r or swimming pool

X6 = Irr ig a b le  lawn area in thousands o f square feet

X7 = Market value o f residence, in thousands o f do llars

X8 = Household income in thousands o f do lla rs  per year

X9 = Average price fo r  water and sewerage service in do llars 
per thousand gallons per month

Both lin e a r and exponential regression models are examined but the 

exponential form produces the best resu lts . When the model is  formulated 

to include the en tire  set o f independent variables i t  explains 90 percent 

o f the variance but only the price o f water is  s ig n ific a n t at the .05 leve l. 

An exponential model using only the price o f water and the income o f the 

households explains 86 percent o f the variance and estimates price and in 

come e la s t ic it ie s  o f -.61 and +.36 respective ly. The two main conclusions 

the authors report from th e ir  study are: (1) "consumers are responsive to

price differences fo r  water and . . . ( 2) consumers w i l l  increase residen-

t ia l  water use when incomes increase."9

Steve H. Hanke took advantage o f a rare opportunity to study the de

mand fo r water w ith in  a community under dynamic price cond itions.10 Be

tween the years 1961 and 1963, the water company o f Boulder, Colorado con

verted from a f la t  rate to a marginal rate p ric ing  system. The water com

pany in s ta lle d  meters on the res identia l lines leading in to  each household,

9 Ib id . , p. 13.

10 Steve H. Hanke, "Demand fo r Water Under Dynamic Conditions," Water 
Resources Research 6 : 1253-1261.
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and charged an incremental price o f 35 cents fo r  each thousand gallons o f 

water. Hanke compared the water consumed before and a fte r  the price sys

tem changed, and determined tha t the amount o f water consumed by the in d i

vidual households is  sensitive  to p rice , and tha t when a higher price is  

paid fo r the marginal amount o f water consumed, the households are able and 

w ill in g  to use less o f i t .  Not only did Hanke demonstrate tha t in th is  

one community the amount o f water consumed by households followed the law 

o f demand, but tha t i t  was more than a temporary reduction. Some observers 

contended tha t i f  the households adjusted th e ir  water consumption pattern 

at a l l ,  i t  would be only a temporary adjustment; and a fte r  the novelty o f 

the meters had worn o f f ,  the households would return to th e ir  o rig in a l con

sumption patterns. This was c le a rly  demonstrated not to  be the case. How

ever, some doubt s t i l l  remained a fte r  the Hanke Study, i . e . ,  cou ld  a price 

system change re su lt in a reduction o f water consumption, or would a price 

change alone also have the same e ffect?

R.A. Batchelor attempted to determine the e ffec ts  o f water-using ap

pliances on the demand fo r water.11 Batchelor develops his analysis on 

the basis tha t a person uses water to achieve some desired outcome but tha t 

outcome, and the accompanying use o f water, is  usually accompanied by the 

use o f some other good or durable. The durables tha t Batchelor includes in 

his study are the most common water using appliances and applications o f 

water found w ith in  the B r it is h  household, namely washing machines, dish

washers, showers, garden sprink le rs and cars. One o f the more o rig in a l ideas 

set fo rth  w ith in  th is  study is  the d is tin c tio n  and use o f both household in 

come and household wealth as determinants o f water use. The inclusion o f 

these variab les, as well as water using appliances, should increase the

11 R.A. Batchelor, "Household Technology and the Domestic Demand fo r 
Water," Land Economics 51: 208-223.



16

explanatory power of the water demand models, i . e . ,  since the wealth of the 

household will affect  the techonology of the water-using appliances within 

the home, wealth can be used to determine the level of water demand or shif ts  

in the level,  while the rate of growth of water demanded will be affected 

by the wealth e la s t i c i ty  of water demand.

A more recent contribution to the study of residential water demand
12was conducted by Donald R. Andrews and Kenneth C. Gibbs. Using 1973 

data from Dade County, Florida, these researchers develop two separate 

water demand models to explain water consumption for residential housing 

units.  A total of 11 water companies are selected based on a dispersion 

of pricing schemes; price and quantity information concerning water is 

retrieved from company records and matched with block census data. Quar

te r ly  data is collected from a sample of 355 residential units .

The f i r s t  model constructed by Andrews and Gibbs is based on the as

sumption that  the consumer is aware of only his total water b i l l ,  and there

fore, the average water price is the relevant variable with respect to 

price. This idea conformed to the conventional research methods employed 

up to this time. The generalized model takes the form:

Qd = f  (AP, I ,  RS, HWH, D1  D2  D3)

where:

Qd = Household water consumption in thousands of gallons 

AP = Average price per thousand gallons 

I = Annual household income 

RS = Number of persons per household 

HWH = Percent of households with hot water heat 

Di = Seasonal sh i f te r  variables

1 2  Donald R. Andrews and Kenneth C. Gibbs, "An Analysis of the Effect 
of Price on Residential Water Demand: Metropolitan Miami, Florida," Southern 
Journal of Agricultural Economics (July 1975): 125-130.
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The estimated regression coefficients (in natural logs) of th is  

model are:

Qd = 2.02 - 1.07AP + .0000641 + .29RS + 3.92HWH + .08D1 - 

.02D2 - .02D3

where:

R2 = .46 F = 176.37 d . f .  = 1404

Andrews and Gibbs construct a second model which is based on t r a 

ditional economic theory i . e . ,  "a consumer makes his decision concerning

additional purchases of goods and services based on the price of the la s t
13unit ,  i . e . ,  the marginal price." They in te rpre t  the marginal price to be 

any price other than the minimum charge in a declining block pricing system 

Consequently, any water customer who uses a small enough quantity of water 

to be within the f i r s t  block of the rate s tructure is not considered as pay 

ing a marginal price, but rather a fixed ra te ,  and therefore,  is excluded 

from this  second model. These customers account for about 24 percent of 

the sample residential units .

The general form of the marginal water consumption model i s :

Qd = f  (MP, S1 , I ,  RS, HWH, D1 , D2 , D3)

where:

Qd = Household water consumption in thousands of gallons 

MP = Marginal price per thousand gallons 

S1 = Zero price sh i f te r  

I = Annual household income 

RS = Persons per household 

HWH = Percentage of homes with hot water heat 

Di = Seasonal dummy variable

13 I b id . , p. 127.
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The estimated regression coefficients of th is  second model are:

Qd = 3.12 - 1.85MP - 1-93S1, + .000041 + .14RS +

7.79HWH + .06D1 - .03D2 - .03D3

where:

R2 = .60 F = 267 d .f .  = 1055

The conclusion reached by Andrews and Gibbs is tha t  the average 

price model is probably more useful than the marginal price model for 

predicting water demand because most consumers are not aware of the mar

ginal price system and will respond primarily to total water b i l l .  How

ever, the authors do concede that  "to be consistent with the economic

theory the marginal price model has appeal."14 Moreover, from an empiri

cal standpoint th e i r  marginal price model explains more of the variance 

than does the average price model.

Another recent study was completed and published by Henry S. Foster 

J r .  and Bruce R. Beattie who attempted to estimate a generalized model

which would allow for the effects  of regional and s ize-of-c i ty  differences

on urban residential water demand. They suggest the following single 

equation model as representing the demand function for urban residential 

water:

Q = f (P, Y, R, N)

where:

Q = quantity of water demanded per household, 
i . e . ,  per meter (1000 cubic feet  per year);

P = average water price (dollars per 1000 cubic 
f e e t ) ;

14 Ib id . , p. 130.

15 Henry S. Foster J r .  and Bruce R. Beatt ie,  "Urban Residential Demand 
for Water in the United States,"  Land Economics (February 1979): 43-58.
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Y = median household income (dollars per year);

R = precipitation (inches) during the defined 
growing season; and

N = average number of residents per meter.

While acknowledging the simultenaity problem inherent in the use of average 

price they note tha t  the use of data from the American Water Works Associa

tion precludes avoidance of the problem.

Unlike previous researchers Foster and Beattie specify a model with 

price in exponential form. This formulation permits price e l a s t i c i t y  to 

vary with price whereas the power formulation of previous studies impl ic i t 

ly assumes tha t  e l a s t i c i t y  would remain constant for al l price changes. A 

model is specified for the ent ire  United States but is then disaggregated 

using dummy variables to account for regional and s ize -of-c i ty  differences. 

Using ordinary leas t  squares they estimate the following model for the Unit

ed S ta te s :

Q = .249e - ·1278p Y·4619 R- . 1679 N. 4345

R2 = .545 F = 63.69 df = 213

Using a stepdown F-test procedure on the disaggregated models they re ject  

the null hypothesis that  demand is invariant among regions of the U.S. but 

the results  are not su f f ic ien t  to re jec t  the hypothesis that  urban residen

t ia l  water demand is invariant among c i ty -s ize  s t r a ta .

A tabular summary of the empirical water demand studies is presented 

in Exhibit 2-1, which is included to demonstrate several points about the i r  

development. One of the more noteworthy developments in the past twenty 

years is the change from aggregated to cross sectional data. The use of 

aggregated data obscured the in teracting effects  of various independent 

or explanatory variables and resulted in poor estimates.  The use of cross 

sectional data in more recent regression models has permitted more disag

gregated and, consequently, be t te r  s t a t i s t i c a l  estimates. The use of less



EXHIBIT 2-1

SUMMARY RESULTS OF THE EMPIRICAL STUDIES

Author Publication Study Area

Type
of

Data

Type
of

Model

Price
Elas
t ic i ty

Income 
Elas- 
tici ty

R2 of
Best
Model

Seidel & 
Bauman

Gottl ieb

Headley 
Howe & 
Linaweaver 
Ware &
North

Hanke

Turnovsky16

Wong17 

Andrews
Gibbs

Journal of American 
Water Works Associa
tion (1955)
Land Economics 
(1963)
Land Economics 
(1963)
Water Resources 
Research (1967) 
Atlanta Economic 
Review (1967)
Water Resources 
Research (1967)
Water Resources 
Research (1969)
Land Economics 
(1972)
Southern Journal 
of Agricultural 
Economics

441 Cities 
Nationally

Kansas
14 Cities around 
San Francisco 
39 Cities 
Nationally 
14 Cities in 
North Georgia

Boulder, CO 
19 Cities in 
Massachusetts 
103 Communities 
around Chicago

11 Communities 
around Miami

Aggregated
Cross-Sectional

Cross-Sectional 
Semi-Aggregated 
Cross-Sectional

Cross-Sectional

Cross-Sectional

Time Series

Cross-Sectional 
Cross-Sectional 
Time Series

Semi-Aggregated 
Cross-Sectional

Simple
Linear

Exponential
Linear
Exponential

Exponential
Linear
Exponential

Plotting

Linear

Exponential

Exponential

- .45 
-1.23
- .65

-1.3

- .61

- .3

- .28

-1.07 
-1.85

.45

.58
1.29
1.49

3.47

.36

1.2

.195

.00006

.00004

.62

.67

.69

.69

.80

.72

.86

.82

.81

.57

.46(AP)

.60(MP)

16 Turnovsky, Stephen J . ,  "The Demand for Water: Some Empirical Evidence on Consumer's Response to a Commodity Uncertain 
in Supply," Water Resources Research, Vol. 5 (April 1969), pp. 350-361. (This article is included in the summary of empirical 
investigation.)

17 Wong, S.T., "A Model on Municipal Water Demand: A Case Study of Northern Ill inois," Land Economics, Vol. 48, No. 1, 
(February 1972), pp. 34-44. (This article is included in the summary even though i t  was not reviewed in the body of this 
chapter because i t  is an empirical study but added to the methodology of investigating water demand.)

20
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comprehensive data sets has also resulted in models which are able to ex-
2plain less of the variation in water demand, i . e . ,  the R s have decreased. 

This is the resu l t  of using disaggregated data which simultaneously im

proves the estimates of the coefficients  of the model but reduces i t s  ex

planatory power by increasing the dispersion of observed behavior.

Perhaps more d i f f i c u l t  to explain is the apparent d ivers i ty  of the 

estimates of price e l a s t i c i t y  which range from very ine las t ic  to re la t ive ly  

e la s t i c .  I t  is d i f f i c u l t  to reconcile the results  of these studies be

cause of the diverse nature of the selected methodologies and regions.

One reason for the d ivers i ty  of estimates is tha t  many of the early studies 

use dist r ibut ion  rather than consumption data which tends to resu l t  in e la s 

t i c i t y  estimates which are biased downward. Distribution data usually in

cludes commercial, indus t r ia l ,  municipal as well as domestic water demand; 

additionally,  i t s  use implici t ly  t rea ts  leakages in the transmission lines 

as purchased water.

Another noteworthy development is the narrowing of the definit ion of 

price to include only the direc t  payments the individual customer must pay 

to receive a given level of water. When defining price many researchers 

avoid or ignored the problem of an interdependent function of price and 

quantity based on the prevailing block price system by using an average 

price for a segment or subset of th e i r  sample. This problem has continued 

to disturb researchers until only a few years ago when Andrews and Gibbs 

were bold enough to define the price of water in both average and marginal 

terms. No research has d irec t ly  addressed the question of interdependence 

of price and quantity as a resu l t  of the declining block pricing systems 

generally employed; however, th is  question will surely be investigated using 

some form of simultaneous equations in the future.
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CHAPTER 3

METHODOLOGY AND DATA COLLECTION

Introduction

The primary objective of th is  study is to determine and compare the 

residential demand for water in each of the Arkansas Water Resource Plan

ning Areas. In order to accomplish th is  objective, water demand models 

will be developed for each AWRPA based on the application of theore t ica l ,  

empirical and analytical methods which are internally  consistent.  The 

f i r s t  section of th is  chapter develops the theoretical considerations of 

the study, while the empirical and analytical considerations are discussed 

in la te r  sections. The sections pertaining to the p i lo t  study and data 

collection are more technical and may be skipped without a loss of under

standing of the thrust  of the overall study.

The development of a water demand model begins with understanding of 

the term "demand" in an economic sense. The terms "water use", "water re

quirements", and "water demand" are often used interchangably, although 

they sometimes mean very different  things. For purposes of th is  study, 

water demand will be defined as the quantity of water tha t  would be pur

chased or used at a given price, while the water demand schedule shows 

the various amounts of water tha t  would be purchased at  different prices. 

Economic theory suggests that  more of a good will be consumed by indiv i

duals as the price of the good is lowered, and vice versa, i f  all other 

factors are held constant. This theory provides only a general conceptual 

framework in understanding demand. In order to obtain more information
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about the shape and location of the demand schedule, an understanding of 

the other determinants of demand is required.

Factor Groups of Demand

The determinants of demand attempt to explain the willingness of 

consumers to purchase a quantity of a good a t  a given price. The shape and 

location of the demand schedule is derived by the in teraction of the deter

minants of demand or these other factors .  The determinants of demand, then, 

are a comprehensive l i s t  of those factors which in te rac t  to determine the 

demand schedule. In order to insure tha t  a l i s t in g  of the determinants of 

demand is indeed a comprehensive l i s t ,  the wording is expressed intentionally  

in nonspecific terms, such as:

Determinants of Demand

1. Price of the good

2. Price of other goods

3. Financial resources of the consumers

4. Uses of the good

5. Consumers' tas tes  and preferences

6 . Quality of the good

7. All other factors tha t  a ffec t  the good's demand

The above l i s t  is useful in organizing the conceptual framework from 

which to d irec t  a search for the relevant factors affecting demand of a giv

en good. From this  l i s t  several factor groups can be specified from which 

measurable variables can be selected on which to base the water demand models. 

The relevant factor groups include price, financial resources, demographic 

characteris t ics  of the household, climatological conditions,  internal and 

external uses of water, and other factors .  Each of these will be discussed 

in turn.

Price. The price a consumer pays for  water can affect  the amount of
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water an individual decision-making unit will choose to consume. This 

idea is basic to economic thoery and the very heart of th is  study. How

ever, price can be viewed in several d ifferent  ways. Is the relevant 

price the average price or the marginal price that  the consumer pays?

Often there is  no dist inct ion between these two prices over the relevant 

range of quantities purchased by the consumer. However, water as priced 

by ci ty  water systems is an exception. The declining block pricing system 

used by most water u t i l i t i e s  allows more than one value to emerge as the 

price varies.  Although several d ifferent  values can be determined as the 

price variables,  only one of these variables will be included in the model 

at  a time. A determination must be made as to whether the household unit 

is aware and responsive to the declining block pricing system. I f  the 

assumption of to ta l  b i l l  is accepted, the average price is the appropriate 

price variable,  while a marginal price would be the correct variable i f  the 

assumption is made that  the household is aware of the pricing system.

Financial resources. The financial resources of the decision-making 

unit can contribute to the amount of water a household will choose to con

sume since they affec t  the ab i l i ty  to purchase d if fe ren t  kinds and amounts 

of various goods. The purchasing power of the household is limited by the 

amount of money and other assets accumulated at a point in time (wealth) 

and tha t  received during a par t icu lar  time frame (income). Either wealth 

or income can be used to pay the water b i l l ,  and therefore both are includ

ed in the group of financial resources.

Demographics. Since the decision-making unit  for th is  study is the 

household, a decomposition of the household will be necessary in order to 

understand the in teracting factors tha t  determine residential Water de

mand. Since some water usage is rela ted ent ire ly  to the individual and not 

the household, i t  is necessary to investigate the relevant demographic char-
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a c t e r i s t i cs of the members of each household.

Climatological conditions. In the case of water, weather may in te r 

act with other determinants of demand to influence the level of usage.

Since water can be supplied to the households d irec t ly  from nature, some 

of the uses for water supplied by the urban water system may be duplicated. 

That i s ,  the household may require water from the water system as an a l t e r 

native or backup system to nature. This would certainly  be the case with 

watering the lawn or garden. Climatological conditions may influence other 

water uses, such as the number of baths an individual desires. Therefore, 

weather should be included as an independent variable factor group which may 

influence the demand for domestic water.

Internal and external uses. The number of d if fe ren t  uses tha t  a re

source can be put to can influence i t s  d es i rab i l i ty .  In the case of wa

te r ,  the greater the number of ways i t  can be employed within the household 

the more water demand is affected. Water has many basically d if fe ren t  types 

of uses, ranging from drinking, cleaning, and recreation,  to enhancing a 

person's aesthetic  surroundings. Each of these uses can influence the level 

of des i rab i l i ty ,  and thereby the consumer's willingness to acquire water. 

Since the uses of water are so diverse, i t  will be useful to divide th is  

factor group into those uses tha t  ex is t  both inside and outside the home.

Other fac to rs . The six preceding groups of independent variable fac

tors combine to make a rather comprehensive l i s t .  However, they do not 

include all possible factors that  could in te rac t  within the decision-making 

unit and contribute to the des i rab i l i ty  of water. Some other factors tha t  

may also affect  domestic urban water demand are the quality of the water, 

personal hygiene habits ,  the age of water-using appliances, the maintenance 

of the household's plumbing system, and so on. This final independent va r i 

able factor group will therefore consist of possible independent variables
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tha t do not f a l l  w ith in  one o f the fa c to r groups, but nevertheless w i l l  be 

included as a possible p red ic tive  variab le .

I t  should be noted tha t the preceding l i s t  o f seven independent v a r i

able fac to r groups excludes the price o f other goods. This determinant was 

not included as a fac to r group because few other commodities can serve as 

close substitu tes fo r  water in most o f i ts  uses. Also, when considering 

water as a component commodity in a bundle o f goods which provides u t i l i t y ,  

i t  is  assumed tha t the comparative price o f water to these other goods w i l l  

e ith e r be very sm all, or the ra t io  o f the other good's price to water's 

price w i l l  remain re la t iv e ly  constant. In economic terms i t  is  assumed 

tha t the price cross e la s t ic i ty  is  not s ig n if ic a n tly  d iffe re n t from zero.

The generalized model to be u t il iz e d  in th is  study w il l  take the form:

Qw = f  (P, F, D, C, I ,  E, 0)

where:

Q = quantity  o f water demanded by the ind iv idua l 
household from the urban water system.

P = those independent variables tha t combine to 
comprise the fac to r group Price.

F = those independent variables tha t combine to 
comprise the fac to r group Financial Resources.

D = those independent variables tha t combine to com
prise the fac to r group Demographics.

C = those independent variables tha t combine to com
prise the fac to r group Climatological Conditions.

I = those independent variables tha t combine to com
prise the fac to r group Internal Uses.

E = those independent variables tha t combine to com
prise the fac to r group External Uses.

0 = those independent variables tha t combine to com
prise the fac to r group Other Factors.
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Independent Variables

The generalized model and the id e n tif ie d  fa c to r groups w i l l  be u t il iz e d  

as a framework fo r  selecting prospective dependent variab les. A l i s t  o f 

these variables fo llow s. In add ition , the un its o f measurement and the v a r i

able 's expected e ffe c t on the dependent variab le  w i l l  be discussed.

Average Price (AVP). The average price fo r  water is  the d o lla r amount 

paid per month by a household divided by the amount o f water consumed during 

tha t month in thousands o f gallons o f water. By design o f the p ric ing  

schedules used by the water departments, an inverse re la tionsh ip  between 

th is  variable and the quantity  o f water is  not only assumed but expected. 

Since the urban water industry uses a declin ing block rate p ric in g  s truc 

ture from tra d it io n ,  the price o f water (regardless o f how i t  is  defined) 

w il l  decline as the volume increases. This re la tionsh ip  w i l l  ne ither 

negate th is  va riab le 's  usefulness nor autom atically estab lish a useful 

po licy im p lica tion . Although the regression analysis w i l l  estab lish a 

quan tita tive  re la tionsh ip  between average price and quantity  o f water used 

by the households, th is  co rre la tion  in and o f i t s e l f  w i l l  not establish 

causation.

Marginal and Incremental Price (MRP and INP). The marginal price 

can be measured in  two d iffe re n t ways. I f  the relevant u n it o f measure

ment o f water delivered to  the household is  a thousand ga llons, then the 

cost o f the la s t thousand gallons o f water delivered becomes the marginal 

cost. However, the declin ing block rate p ric ing  structure  used by the 

water departments in th is  study includes the fixed costs o f water w ith in  

the f i r s t  block ra te . Assuming tha t the f i r s t  block rate is ,  in fa c t, 

a fixed p rice , a household would have to consume a la rge r quantity  than 

is  included in the f i r s t  p ric ing  block before a marginal price is  paid. 

However, i f  the f i r s t  block rate is  assumed to be only a higher ra te ,
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rather than a fixed ra te , a marginal cost can be derived i f  the household 

does not use a large enough quantity o f water to enter the second pric ing 

block. Therefore, two d iffe re n t means o f deriving marginal cost are 

possible, e ith e r by including only those block rates tha t are greater 

than the f i r s t  block ra te , or by counting the block rate regardless of 

the amount o f water consumed.

E ither o f the above methods o f determining marginal price w i l l  produce 

a variable w ith units o f do lla rs  per thousand gallons o f water, and w il l  

have an expected inverse re la tionsh ip  between i t  and the dependent v a r i

able. In order to minimize confusion tha t could arise from having two d i f 

ferent marginal prices as variab les, the term incremental price w i l l  be 

used. Incremental price w i l l  be defined to be the price paid fo r  the la s t 

thousand gallons o f water when the la s t thousand gallons is outside o f the 

f i r s t  block in the p ric ing  structure . The term marginal price w i l l  be 

the price paid fo r  the la s t thousand gallons o f water delivered to the 

household regardless o f whether or not i t  is in the f i r s t  block o f the 

p ric ing  structu re .

Income (INC). Yearly to ta l income is  an exce llent variable to measure 

the a b i l i t y  o f a household to purchase water. Since the water b i l l  is  a 

recurring expense, log ic  d icta tes tha t a flow variable should be used to 

measure a household's fina nc ia l resources. Perhaps a be tte r measure would 

be disposable income. However, gross income can be assumed as highly re

lated to disposable income w ith no major problems developing from the use 

o f th is  variab le . The fa c t tha t the time un its are d iffe re n t should also 

present no problems. I f  one assumes tha t the household w il l  behave accord

ing to i t s  perceived permanent income, then the fa c t tha t yearly income is 

used should enhance rather than detract from the time units o f th is  variab le. 

Income w i l l  be measured in hundreds o f do lla rs  per year and should be posi-
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t iv e ly  re lated to the amount o f water consumed by a household.

House Value (HOV). I t  is  conceivable tha t a household does not pur

chase water out o f a flow o f money but ra ther from a stock o f wealth. I f  

th is  is  the case, some measure o f wealth is  needed. Since the major in 

vestment item fo r most American fam ilies is  the house they liv e  in ,  th is  

can serve as a proxy variable fo r  wealth. The p i t f a l ls  o f th is  lo g ic  

should be obvious to  most readers, e .g ., overestimating those tha t have 

outstanding loans on th e ir  house and underestimating the wealth o f those 

who have additional stocks o f wealth. However, th is  measure w i l l  be used 

fo r i t s  re la tiv e  data co lle c tin g  ease, and because house value might also 

influence the quantity  o f water consumed, in tha t house value can be 

assumed to include the aesthetic beauty o f the accompanying lo t  and yard. 

This variab le w i l l  be measured in hundreds o f d o lla rs . The expected re

la tionsh ip  between house value and water consumption is  p o s itive , tha t is ,  

the greater the house value the more water one should expect the household 

to  consume.

Financial Resources (FIN ). Since e ith e r a flow o f funds or a stock 

o f funds can be used to purchase water, i t  is  also conceivable tha t some 

decision-making un its combine those two sources o f fina nc ia l resources 

when deciding on th e ir  water consumption leve ls . Therefore, a th ird  v a r i

able w i l l  be included in th is  variable fac to r group which combines income 

and wealth in to  a single variab le . The technique o f combination w i l l  be 

a simple lin e a r combination or merely the addition o f the two previous 

variables to produce the variable Financial Resources. This variable 

w il l  have the un its  o f d o lla rs , and is  expected to have a pos itive  re la tio n 

ship to the dependent variab le .

Number o f People per Household (PPH). Since the decision-making u n it 

is  assumed to  be the household, the composition o f i t s  members could a ffe c t



30

water demand. The units fo r  th is  variable w i l l  be people per household.

Household Average Age (AGE). The average age o f persons in the house

hold is  another variable which is  included to  compensate fo r  the assumption 

tha t the household is  the decision-making u n it. Since older people usually 

appear to be more in terested in the upkeep o f th e ir  lawn and garden, i t  is  

in i t ia l l y  assumed tha t the average age o f the people in the household is 

p o s itive ly  re lated to the amount o f water used. The units o f th is  variable 

w i l l  be years.

Number o f Children per Household (CHI). Children have a special a f f in 

i t y  fo r  water during the summer months (the season in which th is  study was 

conducted) and can s ig n if ic a n tly  a ffe c t household water usage by playing 

with water. To account fo r th is  p o s s ib ili ty ,  the variable fo r  children 

w il l  be added where each person under the age o f eighteen is  counted as a 

ch ild . The units fo r  th is  variable w i l l  be ch ild ren. The in i t ia l  assump

tion  is  tha t the number o f children in any household w i l l  be p o s itive ly  

re lated to the level o f water usage.

Temperature (TEM). The temperature is  one measure o f c lim atological 

conditions tha t could e ffe c t water usage, since increased temperature may 

cause an ind iv idua l to bathe more o ften , or water his lawn and garden.

This independent va riab le , Temperature, w i l l  i n i t ia l l y  be included with the 

units o f tenths o f degrees on the Fahrenheit scale. A -p rio ri log ic  d ic 

tates tha t an increase in temperature should be associated w ith an increase 

in the amount o f water consumed.

P rec ip ita tion  (PRE). A second measure of c lim ato log ica l conditions is 

the amount o f atmospheric moisture an area receives. Although th is  indepen

dent variable should corre la te  closely w ith the temperature, i t  has pa rticu 

la r  in te re s t fo r  th is  study and w i l l  be included as a second independent 

variable in the c lim atological fac to r group. P rec ip ita tion  w i l l  have the 

units o f tenths o f inches o f water and should be inversely related to water
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consumption.

Number o f Water Using Appliances (APP). The presence o f water using 

appliances w ith in  the household can a ffe c t the amount o f water an in d iv i

dual household consumes. Instead o f id e n tify in g  and counting each a p p li

ance as a separate variab le , a single inc lus ive  variable w i l l  be used. Wa

te r using appliances are defined fo r th is  study as dishwashers, clothes- 

washers, and garbage disposals. Each type o f appliance w i l l  be given 

equal weight so tha t the variable w i l l  be simply the sum o f each o f the 

appliances lis te d  above. The units fo r th is  variable w il l  be appliance, 

and i t  is  in i t i a l l y  assumed tha t the number of appliances present in  the 

households w i l l  be p o s itiv e ly  re lated to  the amount o f water consumed.

Number o f Water Using Fixtures (F IX ). S im ilar to the above variab le , 

the number o f water fix tu re s  in a household can influence the amount o f 

water a household chooses to consume. Water fix tu re s  w i l l  be defined fo r 

th is  study as sinks, bathtubs, shower heads, and to i le ts .  Although these 

fix tu re s  generally use d iffe re n t amounts o f water, each w i l l  be assumed to 

have the potentia l fo r equal water usage, and w i l l  be added together w ith 

equal weights to produce the variable named "Number o f Water Using F ixtures". 

The expected sign o f th is  in i t ia l  p red ic tive  va riab le 's  co e ffic ie n t is  as

sumed to be p o s itive , while the units w i l l  simply be f ix tu re s .

Total Number o f Water Faucets (FAU). The more access ind iv idua ls  have 

to water, the more they might use i t .  Recognizing the tru th  o f th is  s ta te 

ment, an attempt to  include th is  as an in i t ia l  p red ic tive  variable w i l l  be 

made by counting the to ta l number o f water ou tle ts  in the household. The 

counting o f the water faucets w i l l  not include the hot water ou tle ts  be

cause th is  would amount to double counting, i f  hot water were assumed to be 

only a condition o f the water. A pos itive  re la tionsh ip  is  expected between 

water demanded and the variable to ta l number o f water faucets. Units fo r  

th is  variable w i l l  simply be water faucets.
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This variable appears to be simply a lin e a r combination o f the two 

previous variab les; however, i t s  inclusion allows fo r the inclusion of 

water ou tle ts  in the household tha t are e ith e r fix tu re s  or appliance plus 

ou tle ts  tha t are c la s s ifie d  as ne ither o f these. Therefore, the value o f 

the to ta l number o f water faucets w i l l  be equal to or greater than the sum 

o f water fix tu re s  and water using appliances. Other water faucets included 

in th is  variable w i l l  be those faucets located outside the household, such 

as the garden hose faucet. Although th is  expands th is  variable s lig h tly  

out o f the variable fa c to r group, "inside water uses", i t  w i l1 not substan

t ia l l y  a ffe c t the analysis. This fa c t must be considered when conducting 

the search fo r  the best set o f independent variables.

Size o f Swimming Pool (SWI). The presence and size o f a swimming 

pool can a ffe c t water usage, and w i l l  therefore be included in the l i s t  

o f in i t ia l  independent variab les. The units fo r  th is  variable w i l l  be 

gallons o f water. I f  no swimming pool is present, the variable w i l l  have 

a value o f zero. A positive  re la tionsh ip  is  expected between th is  v a r i

able and the quantity  o f water demanded.

Lawn Area (LAW). The presence o f a lawn and i ts  size can be a major 

cause fo r  water consumption, and w i l l  be included as an in t ia l variable 

w ith units o f hundreds o f square fee t. Positive re la tionsh ip  between the 

dependent variable and lawn area is  in i t i a l l y  expected.

Garden Area (GAR). Like the lawn area, a garden can a ffe c t the level 

o f water consumption and w i l l  be included as a variable w ith characteris

t ic s  s im ila r to the variable lawn area.

Perceived Water P urity  (PUR). The q u a lity  o f a good can influence 

i ts  consumption, and in the case o f water, p u rity  can be a substitu te  fo r 

q u a lity . Although technical d e fin itio n s  o f water p u rity  are ava ilab le , 

the relevant fa c to r is  p u rity  as the consumer perceives i t .  Therefore,
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the variable "Perceived Water P u rity " w i l l  be included which attempts to 

measure the consumer's perception o f the q u a lity  o f water. The d e f in i

tion  o f p u rity  is  le f t  to the consumer as he views his water requirements 

and uses; therefore , conventional un its o f measurement are not used. In 

stead, a continuum from high "Perceived Water P u rity " to low "Perceived 

Water P urity" w i l l  be employed. I t  is  assumed tha t the consumer w i l l  use 

a la rger amount o f water i f  he perceives tha t the water p u rity  is  good fo r 

his uses. This leads to an expected pos itive  sign fo r the co e ffic ie n t 

o f th is  variab le.

Town Size (TOW). The size o f the town in which an ind iv idua l con

sumer lives  could contribute to  the amount o f water the household uses.

This re la tionsh ip  may be caused by the w illingness o f small town consumers 

to be more fam ily oriented and spend more time at th e ir  residence. I f  th is  

is  the case, the small town consumers have more access to the water d e liv 

ered to th e ir  houses than do consumers who liv e  in la rge r towns. Therefore, 

the expected re la tionsh ip  between town size and water use fo r  a household 

w il l  be negative. The town size w i l l  be measured by population and w il l  

have the units o f hundreds o f people.

Age o f Water Using Appliance (AWA). In an attempt to recognize tech

nology as a fa c to r which might a ffe c t water demand, the variab le Average 

Age o f Water Using Appliances w i l l  be included as a possible p red ic tive  

variab le. Each appliance (dishwasher, clotheswasher, garbage disposal) 

w i l l  be assigned equal weight and th e ir  age in years w i l l  be averaged to 

produce units fo r th is  variable o f years. I f  technology has produced 

water e f f ic ie n t  appliances over the years, the expected sign o f the coef

f ic ie n t  o f th is  variable w i l l  be p o s itive , the in te rp re ta tio n  being tha t 

the older appliances use more water than the newer ones.

A summary o f the possible variables is  presented in E xh ib it 3-1 which 

includes the variab les ' symbols, names, and units o f measurement. The
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EXHIBIT 3-1 

LIST OF VARIABLES

Symbol Variable Name
Units o f 

Measurement

Q

AVP
MRP
INP

INC
HOV
FIN

PPH
AGE
CHI

TEM
PRE

APP
FIX
FAU

SWI
LAW
GAR

PUR
TOW
AWA

Water Quantity

Average Price 
Marginal Price 
Incremental Price

Income 
House Value 
Financial Resources

Number o f People Per Household
Household Average Age
Number o f Children Per Household

Temperature
P rec ip ita tion

Number o f Water Using Appliances 
Number o f Water Using Fixtures 
Total Number o f Water Faucets

Size o f Swimming Pool 
Lawn Area 
Garden Area

Perceived Water Purity  
Town Size
Age o f Water Using Appliances

gallons/month

$/gallon 
$/galIon 
$/gallon

$/year
$
$

people
years/person
children

degrees/Fahr. 
inches o f ra in

appliances
fix tu re s
faucets

gallons 
sq. f t .  
sq. f t .

none
people
years

NOTE: The underlined le tte rs  in the Variable Names are the 
le tte rs  used to create the symbol. Since several tables are used 
in  th is  study, the reader is  urged to aquaint himself w ith the sym
bols since often space w i l l  not permit the use o f the f u l l  name.
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variables are grouped by the fac to r groups so tha t the reader can fo llow  

the log ic  behind the development o f the fa c to r groups. These groups w i l l  

aid in the analysis o f the data.

P ilo t Study

The m ajority  o f the variables used in th is  study were co llected using 

questionnaires mailed to ind iv idua l households throughout the state o f 

Arkansas. Other sources o f data include c ity  water records, and state and 

federal reports. To determine the size o f sample and to va lidate  the method 

o f data c o lle c tio n , a p i lo t  study was conducted. The resu lts  o f the p i lo t  

study provided the guidelines fo r  the m ajority  o f the data co lle c tio n .

The process o f data co lle c tio n  started w ith a p i lo t  study in  order to 

help determine the optimal method to c o lle c t the data used in the regres

sion analysis. The objectives o f the p i lo t  study were to determine:

1. the best format fo r  the questionnaire,

2. i f  the use o f bulk mail rates would s ig n if ic a n tly  a ffe c t 
the response rate re la tive  to the use o f f irs t -c la s s  mail 
ra te s , and

3. the usable return rate tha t could be expected from the 
questionnaire m ail-ou t.

From the l i s t  o f variables presented in E xh ib it 3-1, those variables 

tha t were deemed appropriate to be measured d ire c tly  from the households 

were selected. For each variable several questions or sets o f questions 

were constructed to e l i c i t  a correct response from in d iv idu a ls . The set 

o f possible questions was refined and reduced u n til two d iffe re n t ques

tionnaires were constructed. Although each questionnaire was designed to 

achieve the same re su lts , the manner in  which the questions were asked 

d iffe re d . Because there was no appropriate way to select one o f the 

questionnaires as optimal w ithout empirical te s tin g , both questionnaires 

were used in the p i lo t  study.



36

Another fac to r which was tested was the e ffe c t on the response rate o f 

the method o f mail de live ry  o f the questionnaire. The range o f available 

postage handling schemes and rates was extensive. F irs t-c la ss  mail w ith an 

a ffixed  special issue stamp was chosen as the most elaborate tha t would be 

tested. The bulk n o n -p ro fit organization rate using a rubber stamp to p r in t 

the postage was the least expensive method tested. Respective mail prices 

were $0.13 and $0.021 per le t te r  delivered. I f  the usable return rates 

were s ig n if ic a n tly  d if fe re n t,  the cost d ifferences between these postage rate 

could ju s t i f y  the f ir s t -c la s s  postage, even though i t  would mean an extra 

$109.00 per 1000 questionnaires mailed. The return postage would be the 

same regardless o f the de livery rate selected. The returned questionnaires 

were received in pre-addressed envelopes w ith printed f ir s t-c la s s  postage.

The return postage rate schedule required payment fo r  only those envelopes 

tha t were returned at a cost o f $0.18 each.

A fte r the le t te r  o f in troduction  and the questionnaires were completed, 

two hundred residents w ith in  the p i lo t  study c ity  were selected randomly.

The random procedure fo r selecting ind iv idua l households consisted of us-

ing every nth  name in the local telephone d ire c to ry , where n was determined 

by d iv id ing  200 in to  the to ta l number o f names in  the telephone d irec to ry . 

Although th is  method had the p o s s ib ility  o f generating a bias in to  the sam

ple design, i t  was overlooked in th is  study, based on the assumption tha t 

nearly a l l households tha t are connected to the urban water system are also 

lis te d  in  the telephone d irec to ry .

The compiled resu lts  demonstrated tha t 21% o f the outgoing le tte rs  were 

returned when they included Questionnaire 1 (E xh ib it 3 -2 ), while a usable 

return rate o f 27% was observed w ith Questionnaire 2 (E xh ib it 3-3) when used 

w ith the in troductory le t te r  (E xh ib it 3-4).
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EXHIBIT 3-2

ARKANSAS RESIDENTIAL WATER USER QUESTIONNAIRE 1

1. What are the ages o f the people l iv in g  in  your household?

2. What are the dimensions o f your home lo t?  (Please estimate in  fee t
and ind ica te  on the drawing or use your own drawing.)

3. What percent o f the to ta l area o f your home lo t  would you estimate
your lawn to be?

Less than 20% 40% to 60% 80% to  100%
20% to 40%   60% to 80% __

4. What percent o f your home lo t  is  devoted to  a garden?

Less than 10% _____ 20% to 30% _____  40% to  50% __
10% to 20%    30% to 40% __ More than 50% _____

5. Do you have any type o f swimming pool? Yes No

6. I f  you have a swimming pook, what are i t s  dimensions?

Length= _____  fee t Depth a t shallow end = ______  fe e t
Width = fe e t Depth at deep end = fee t

OR

My poo l's  to ta l capacity is  = _________  gallons

7. Did you water your lawn la s t summer? Yes No

8. Did you water your garden la s t  summer? Yes No

9. Do you have an automatic dishwasher? Yes No

10. Do you have a clotheswasher? Yes No

11. Do you have an automatic garbage disposal? Yes No

12. Please l i s t  the length o f time you have owned each o f the fo llo w in g .

Automatic dishwasher   years
Clotheswasher  years
Automatic garbage disposal  years

13. How many sinks are in  your house? _________

14. How many bathtubs are in  your house? _________
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15. How many shower heads are in your house? _______

16. How many to i le ts  are in your house? _____ _

17. Counting the faucets both inside and outside o f your house, what is  
the to ta l number o f faucets you have connected to  your water lines?

18. Do you have a water p u r if ie r  attached to your water system? (Do you 
have a device in your house which is  connected to your plumbing tha t 
is  designed to improve the q u a lity  o f the water such as f i l t e r in g ,  
removing m inerals, e tc .? )

Yes No

19. Does any member o f your household use a water cond itioner o f some type 
to change the property o f the water? (Not inc lud ing soap and bleach 
or other cleaning agents, does anyone w ith in  your household use some 
so rt o f chemical agent in the water to change i t s  qua lity? )

Yes No

20. How do you rate the p u rity  o f the water you receive from your water 
department?

_____  Much too pure
_____  Probably purer than I need
_____  About as pure as I want
_____  Pure w ith regard to health , but i t  contains a few non-harmful

p a rtic le s
_____  I sometimes wonder about the p u rity  o f the water
_____  The p u r ity  is  to ta l ly  unsatis facto ry

21. I f  you were to s e ll your home today, what do you th ink  i t  would bring 
in  today's real estage market?

Less than $15,0000 $45,000 to  $60,000
_ _ _  $15,000 to $30,000 _____  $60,000 to $75,000
_____  $30,000 to $45,000 _____  More than $75,000

22. What is  your to ta l household yea rly  income?

Less than $5,000 $11,000 to $14,000
$5,000 to $8,000 $14,000 to $17,000

_____  $8,000 to $11 ,000 _ _ _  Over $17,000

23. According to your water b i l l  receipts fo r  la s t summer, how much water 
did you use fo r  the fo llow ing months? (This question w i l l  require tha t 
you locate your old water b i l ls  and read the monthly usage fo r each 
month. I f  you cannot locate these rece ip ts , please go on to  the next 
question. I f  you can locate th is  inform ation I w i l l  very much appreci
ate i t . )

EXHIBIT 3-2 Continued
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EXHIBIT 3-2 Continued

June _____ ___g a l. Ju ly _____ g a l. August _ _ _  g a l.

24. What is  the source o f your water? (What company or what c ity  de live rs  
the water to your home?)

Thank you fo r  your cooperation! I f  you w i l l  please send th is  form back 
using the envelope provided, I w i l l  be very much in your debt and sha ll 
t r y  to  repay you by provid ing the best possible study re su lts  to  your 
community leaders.
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EXHIBIT 3-3

ARKANSAS RESIDENTIAL WATER USER QUESTIONNAIRE 2

1. What are the ages o f the people l iv in g  in your household?

2. Do you have any o f the fo llow ing items connected to the plumbing o f 
your house? I f  so, how long have you had them?

Dishwasher Yes No ________ Years
Clotheswasher Yes No _ _ _ _ _ _  Years
Automatic garbage disposal Yes No ________Years

3. What is  the size o f the lo t  your house is located on? (Please e s t i
mate the dimensions.)

Width = ________ fee t Length = ______________ fee t

4. What percent o f your lo t  would you estimate your lawn to  be? Please 
place a check along the lin e  at the point tha t best indicates your 
estimate.
0% 25% 50% 75% 100%.I----------------------- l---------------------- l----------------------l----------------------1

5. I f  you have a garden on your lo t ,  what would you estimate i ts  portion 
o f your to ta l lo t  to be?

 0% 10% 20% 30% 40%
I----------------------- l---------------------- l----------- ---------- l--------------------- 1

6. Do you have a swimming pool o f any kind? Yes No

7. I f  you have a swimming pool, what would you estimate i ts  size to be
in gallons o f water when i t  is  fu l l?  _______  gal.

8. Did you water your lawn la s t summer? Yes No

9. Did you water your garden la s t summer? Yes No

10. How many o f the fo llow ing items do you have connected to the plumbing 
in your house?

Sinks _____
T o ile ts  _ _ _
Bathtubs _____
Shower heads ____



EXHIBIT 3-3 Continued

Π .  Counting a l l  the f ix tu re s  in the above question and any other f i x 
tures you have whether ins ide  or outside your house, what is  the 
to ta l number o f water faucets connected to  your water line ?  ________

12. Do you have a water p u r i f ie r  attached to  your water system? (Do 
you have a device in  your house which is  connected to  your plumbing 
tha t is  designed to improve the q u a lity  o f the water such as f i l t e r in g ,  
making the water "s o ft"  or "hard", e tc .? )

Yes No

13. Does any member o f your household use a water cond itioner o f some type 
to  change the property o f the water? (Not counting soap and bleach
or other cleaning agents, does anyone w ith in  your household use some 
so rt o f chemical agent in the water to change i t s  q u a lity? )

Yes No

14. How do you rate the p u r ity  o f the water you get from your water de
partment? (Pace a check a t the po in t along the lin e  th a t most ac
cu ra te ly  describes your fe e lin g s .)

T o ta lly  Safe to Much
U n fit fo r  D rink, but too

My Use Has Im purities  Pure

|-------------------- l------------------ l------------------- l---------- l ------
15. I f  you were to  s e ll your home today, what would you guess i t  would 

be worth in today's real estate market?

Less than More than
$10,000 $30,000 $50,000 $70,000 $90,000

I-------------------- l----------------- l----------------- l-------------------- l

16. What is  the amount o f your to ta l household income fo r  la s t  year?

Less than More than
$5,000 $8,000 $11,000 $14,000 $17,000
I-------------------- l------------------ l---------------- l-------------------- l

17. According to your water b i l l  rece ip ts  fo r  la s t  summer, how much water 
did you use fo r  the fo llow ing  months? (This question w i l l  require tha t 
you locate your o ld water b i l ls  and read the monthly usage fo r each month. 
I f  you cannot locate these re ce ip ts , please go to  the next question. I f  
you can locate th is  in fo rm ation , I w i l l  very much appreciate i t . )
June ____  gal . Ju ly _____  g a l. August ________ g a l.
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EXHIBIT 3-3 Continued

18. What is  the source o f your water? (What is  the name o f the water 
company or c i ty  water department tha t de livers the water to  your 
home?)

Thank you fo r  your cooperation! I f  you w i l l  please send th is  form back 
by using the envelope provided, I w i l l  be very much in  your debt and 
sha ll t r y  to repay you by provid ing the best possible study resu lts  to 
your community leaders.
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EXHIBIT 3-4

UNIVERSITY OF ARKANSAS 
COLLEGE OF BUSINESS ADMINISTRATION 

FAYETTEVILLE, ARKANSAS 72701

January 9, 1978

Dear Arkansan:

I am w r it in g  to  ask fo r  your help. C urren tly , members o f the 
U n ive rs ity  o f Arkansas fa c u lty  are try in g  to gather fac ts  and in fo r 
mation about water usage w ith in  th is  s ta te . This e f fo r t  is  being 
undertaken in  order to develop a b e tte r economic understanding o f 
the water s itu a tio n  w ith in  various communities o f Arkansas. When 
th is  study is  completed, i t s  resu lts  w i l l  be made ava ilab le  to  those 
a u th o rit ie s  and in d iv id u a ls  th a t are concerned w ith  th is  type o f 
in fo rm ation. I f  th is  study is  successfu l, many communities w ith in  
the sta te  w i l l  b e n e fit from i t s  resu lts  through more e f f ic ie n t  water 
systems. However, in order to  complete the study, i t  is  necessary 
to acquire some in form ation from in d iv id u a l c itize n s  l ik e  yo u rse lf.

Your name has been selected at random from an extensive l i s t  o f 
people th a t obtain water from a community water system. I an in te r 
ested in  fin d in g  some answers to some ra ther s p e c ific  questions, so 
tha t an ove ra ll p ro f i le  can be constructed o f Arkansas water users.
The inform ation obtained from the questionnaires w i l l  be programmed 
in to  a computer fo r  analysis in  such a manner th a t i t  w i l l  not be 
possible to  trace in d iv idu a l answers. A ll the in d iv id u a l question
naires w i l l  be destroyed a fte r  the in form ation is  placed anonymously 
in to  the computer.

I f  you would take a few minutes and complete the accompanying 
questionnaire, you w i l l  be helping not only the U n ive rs ity  fa c u lty  
but possib ly y o u rs e lf, since your community could be d ire c t ly  helped 
by the study's re s u lts . You w i l l  probably notice a typed lin e  on 
the fro n t o f the re turn  envelope th a t you may wonder about. I want 
to assure you tha t th is  is  fo r  mail handling purposes on ly , since many 
research pro jects use these same envelopes, some means o f so rtin g  
returned le tte rs  at the mail room is  necessary.

I f  fo r  some reason you would p re fe r not to  answer any question,
I would appreciate i t  i f  you would skip th a t question and continue 
w ith the other questions and re turn  the p a r t ia l ly  completed question
na ire . For your convenience, an addressed envelope w ith  prepaid 
postage is  included which I hope you w i l l  use to  re turn  the completed 
questionnaire.

S incere ly ,

Joseph A. Z ieg le r 
Professor o f Economics 
U n ive rs ity  o f Arkansas
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Although a 2% d iffe rence was observed by using the f ir s t-c la s s  postage 

as compared to bulk rate postage (25% versus 23% respective overa ll usable 

return ra te ), the cost to obtain the higher return rate ($0,109 per le t te r )  

outweighed the bene fits . By increasing the size o f the in i t ia l  m a iling by 

about 2%, the bulk rate postage would produce the same number o f usable 

responses at a substantia l cost savings over the use o f f ir s t -c la s s  postage.

The resu lts  o f the p i lo t  study demonstrated tha t the optimal combin

ation fo r  generating usable responses from a mail questionnaire was to send 

Questionnaire 2 using bulk rate postage. However, two c r i t ic a l  questions 

s t i l l  remained to be answered concerning the p i lo t  study:

1. Was the sample selected fo r  the p i lo t  study a randomly-selected 
sample?

2. Did the non-respondents o f the p i lo t  study posess s im ila r char
a c te r is t ic s  to the respondents?

To te s t fo r  randomness in the se lection procedure used fo r  the p i lo t  

study, the sample s ta t is t ic s  were compared to the population parameters.

The usable respones received from Questionnaire 2 were chosen as the re le 

vant sample since th is  questionnaire was preferred. Two d iffe re n t char

a c te r is t ic s  o f both the population and the sample were compared in order 

to te s t fo r  randomness. I f  the d ifferences between the corresponding para

meters and the s ta t is t ic s  are s ta t is t ic a l ly  in s ig n if ic a n t,  the assumption 

o f random sample household se lection could be made. The two cha rac te ris tics  

to  be compared are:

1. The number o f people per housing un its in  occupied housing 
uni t s .

2. The income o f fam ilies  and unrelated in d iv idu a ls  l iv in g  in a 
housing u n it.

Both o f the above ch a ra c te ris tics  are confined to the c ity  which was 

used fo r  the p i lo t  study and w i l l  be re fe rred  to  as: (1) Pop. per house;

and (2) Family income. The sample s ta t is t ic s  were derived from the p i lo t  

study in which 100 questionnaires were mailed and 33 usable responses were
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returned. The parameters were derived from the 1970 United States Census 

Report fo r  the c ity  in which the p i lo t  study was conducted.1 E xh ib it 3-5 

compares the unadjusted values o f the parameters and s ta t is t ic s .

In using the 1967 consumer price  index, an adjustment fa c to r o f 1.54 

was applied to the d o lla r  value o f income to  ad just the parameter to cur

rent terms, i . e . ,  [179(1977 index)-116(1970 index)]/116= 1.54. Family in 

come was adjusted as presented in E xh ib it 3-6.

n s X u

Pop. per house 27 1.01 2.77 2.7

Family income ($) 27 4,317 14,285 9,263

EXHIBIT 3-6

ADJUSTED PARAMETERS AND STATISTICS OF THE 
PILOT SAMPLE STUDY

Pop. per house

n

27

s

1.25

X

2.77

u

2.7

Family income ($) 27 4,317 14,285 14,265

An hypothesis te s t was performed on the above data to  te s t whether 

the sample was selected from the population. Using a student t te s t  w ith 

26 degrees o f freedom and 10% e rro r  level, both s ta t is t ic s  were s ta t is -

11970 Census o f Housing, General Housing C haracte ris tics  (Washing
ton, D.C.: U.S. Government P rin tin g  O ffic e , 1971), No. HC-T-A5, p. 543.

EXHIBIT 3-5

UNADJUSTED PARAMETERS AND STATISTICS OF THE 
PILOT SAMPLE STUDY
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t ica l ly  demonstrated to come from the population with a .90 probability.

The acceptance limits for the t te s t  value using d.f.=32 and error level

of .1 for a two-tail t e s t  are:

-1.697 < ttest < 1.697 — test  —

The t te s t  for pop. per house is:

X - u
s

n

2.77 - 2.7
1.01

27

.360

The t te s t  for family income ($) is:

X - u
s

n

14,285 - 14,265
4,317

27

.024

Because the s ta t is t ica l  test  above did not demonstrate a s ta t i s t ica l ly  

significant difference between the characteristics of the sample and the 

population from which i t  was intended to be selected, i t  is  assumed that the 

techniques used in the pilot  study generated a random sample and further, 

that the same sampling techniques, when applied to other c i t ie s  within the 

state of Arkansas, will produce similar results.

One final question remains to be answered with respect to the results 

of the pilot  te s t .  Namely, do the households that responded to the ques

tionnaire have similar characteristics to those that chose not to respond? 

Although this question was partly answered by the above hypothesis te s t ,  a 

more direct approach was taken. The 73 households which did not return 

Questionnaire 2 were contacted by telephone in an attempt to generate re

sponses from them. A total of 19 additional responses were received by this 

second wave technique. Assuming that those households that responded to the 

second wave were a representative sample of all  households that did not re-
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spond to the in i t ia l  mailing, an hypothesis te s t  was again performed.

This time the question to be answered was whether or not the second wave 

respondents had similar characteristics to the f i r s t  wave respondents. 

Assuming the population to be the f i r s t  wave respondents, and using the 

same set of characteristics ,  Exhibit 3-7 presents the parameters and sta 

t i s t i c s  internal to the pilot  sample study.

EXHIBIT 3-7

INTERNAL PARAMETERS AND STATISTICS OF THE 
PILOT SAMPLE STUDY

n s X u

Pop. per house 19 1.6 2.5 2.77

Family income ($) 19 5,421 12,382 14,285

No adjustment in the data is  needed this  time since the dollar terms 

were collected during the same time period. Therefore, the hypothesis 

te s t  using the above data was performed. The range of acceptance is  -1.734 

to 1.734 for a t t e s t  (with d.f.=18 and an error level of .1 for a two-tail  

te s t .

The t te s t  for pop. per house is :

X - u
s

n

2.59 - 2.77
1.6

T 9

= -.49

The t te s t  for family income is :

X - u
s

n

12,382 - 14,285
5,421

19

= - 1.53

Since the t te s t  values for both the pop. per house and the family income 

($) characteristics are within the acceptance l imits of the decision rule,
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the assumption was made tha t the ch a rac te ris tics  o f people who responded 

and those th a t did not were not s ta t is t ic a l ly  d if fe re n t.

The p i lo t  study s ta t is t ic a l ly  demonstrated tha t the sampling tech

niques to  be used in c o lle c tin g  most o f the data fo r  th is  p ro jec t were 

v a lid . Assuming th a t the two ch a rac te ris tics  chosen fo r the hypothesis 

tests were representative o f a l l cha rac te ris tics  w ith respect to va ria 

b i l i t y  in  a random sample, the use o f the mail questionnaire sent to in 

d iv idua ls  randomly selected from the local telephone d ire c to rie s  w i l l  

produce s ta t is t ic a l ly  random samples o f each c ity  selected.

Data C o llection

The p i lo t  study provided most o f the inform ation needed to design 

the sample fo r  th is  study. However, two relevant questions remained be

fore the questionnaires could be mailed ou t, i . e . ,  the size o f the sam

ple and the se lection o f sample c it ie s .  The answers to these questions 

involved consideration o f the tra d e -o ff between the precision and cost 

to  obtain a sample. The cost o f increasing the sample size is  d ire c tly  

re la ted to the costs o f m ailing and receiving each questionnaire, while 

the precis ion o f the sample may increase as the sample size increases.

The cost o f varying the number o f c it ie s  is  not as obvious. Each re

sponse from a household must be matched w ith data tha t can only be ob

tained from the corresponding c ity  water records. The marginal costs o f 

obta in ing add itiona l observations from the same c ity  is  re la t iv e ly  small 

compared to the s ta rt-u p  costs to obtain the f i r s t  observations from the 

add itiona l c i ty 's  water records. However, the precision considerations 

o f lim it in g  the number o f c it ie s  res t in  the lack o f v a r ia b i l i ty  w ith each 

variab le  whose va ria tio n  is  a function o f c i t y ,  i . e . ,  water p rice , temper

ature, and p re c ip ita tio n  are three variables which w i l l  remain fixed  fo r 

a l l households selected from a c ity  in  a given time period.
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In considering sample s iz e ,  both the accuracy and the level of ac

ceptable error must be considered. In performing the earlier hypothesis 

t e s t s ,  an error level of 10% was used. Although this  level was arbitrari

ly chosen, i t  is consistent with similar studies. The error level is a 

quantitative statement of the "willingness to be wrong" on the part of  

the researcher, or the level of confidence that is  desired in the study.

An error level of 10% corresponds to a confidence level of 90%. The ac

curacy is the amount of variation between the estimate of the parameter 

and the parameter i t s e l f . Accuracy can be stated in either absolute or 

relative terms and will specify the numerical distance between the sta

t i s t i c  and the parameter. An accuracy level of 12% has been chosen after  

several interactions of solving the formula for sample s ize .  A larger 

accuracy level would reduce the size  of the sample and therefore cost 

l e s s ,  while a small accuracy level would increase the costs.  A 12% ac

curacy level was the smallest possible given the budget constraint of 

this study. The sample size required from a single city can be determined 

by the following formula:

where:

n = sample size
z = error level expressed in standard deviates 
s = standard deviation obtained from pilot  

study
(X-u) = accuracy level desired, expressed in the 

maximum difference between the estimate 
and the actual central tendency

Using the characteristic of population per household from both the 

pilot  study and the U.S. Census reports as the respective s t a t i s t i c  and 

parameter in the above equation, a sample size of 26 is  obtained in the 

following manner:

n =
Z2 s2

(X-u)2
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There fo re , when cons ider ing  a s in g le  c i t y ,  a sample s ize  o f  26 was 

needed to  insure  th a t  the re s u l ts  would be accurate w i th in  12% o f  the 

tru e  s ta te  o f  the w o r ld ,  w ith  a confidence leve l o f  90%. This s t i l l  

l e f t  unanswered the question o f  the number o f  c i t i e s  to  be sampled. Since 

the s e le c t io n  o f  a c i t y  would d ic ta te  the watershed region as a va r ia b le  

in  the s tudy , some cons ide ra t ion  should be given to  the r e la t iv e  weights 

o f  the reg ions. Population was se lected  as the re le va n t c h a ra c te r is t ic  

to  assign r e la t iv e  weights on the assumption th a t  the o th e r c h a ra c te r is 

t i c s  are g e n e ra l ly  comparable w ith  respect to  t h e i r  p ropo rt ions  by regions 

and because the p ropo rt ions  themselves are not c r i t i c a l  to  t h is  study o ther 

than as a means o f  s t ru c tu r in g  the sample so th a t  each region is  g e ne ra l ly  

p r o p o r t io n a l ly  represented. Given cons idera tions  o f  cost c o n s tra in ts  and 

es t im a tion  requirements the r e la t iv e  weights o f  the number o f  c i t i e s  in 

cluded in  the sample design co inc ides w ith  the popu la tion  d is t r ib u t io n  by 

region as p re c is e ly  as po ss ib le . The r e la t iv e  popu la tion  d is t r ib u t io n  and 

d is t r ib u t io n s  o f  c i t i e s  is  presented in  E x h ib i t  3-8.

EXHIBIT 3-8

NUMBER OF CITIES TO BE INCLUDED IN THE SAMPLE 
DESIGN BY WATERSHED REGION

Region
R e la t ive

Pop. D is t r ib u t io n
Number o f  

C it ie s
R e la t ive  D is t r ib u t io n s  

o f  C i t ie s

1 .25 5 .23
2 .22 4 .18
3 .11 4 .18
4 .36 6 .28
5 .06 3 .13

Total 1.00 22 1.00

n = Z2 s2
(X -u )2

(1 . 64) 2 ( 1. 01)2
( .324 )2

= 26
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The i nformation from Exhibit 3-8 and the p ilot  study enabled a determi

nation of the total mail i ng size which became the number of c i t i e s  multiplied 

by the s ize  of the sample needed per c i ty ,  multiplied by the inverse of the 

usable return rate, or:

nL = (nc*nh) 1/RR = (22.26) (1/.34) = 1682
where:

nL = total number of questionnaires to be mailed 

nC = number of c i t i e s  

nH = number of households per c ity  

RR = usable return rate

A total mailing of 1,682 was deemed necessary to generate the required 

sample s ize  in order to co l lec t  the necessary data for the regression analy

s is  used in this  study. This number was derived from the results of the 

pilot  study which suggested that a 34% usable response rate could be ex

pected, using bulk postage rates to send Questionnaire 2 (herein after  

referred to as simply the questionnaire). However, other researchers at the 

University of Arkansas reported that a s l igh t ly  higher response rate could be 

expected from questionnaires mailed to households in Northwest Arkansas

(the area in which the p i lo t  study was conducted) than in other regions of  
2

the state .  Allowances for lower response rates were suggested by these re

searchers.

In addition, a sample size of twenty-six per town assumed not only 

twenty-six usable returned questionnaires per c i ty ,  but also the correspond

ing data matched up by households from the c i ty  water records. That i s ,

2In 1978, Dr. William R. Darden established a consumer research panel 
for the State of Arkansas. While conducting this  project, Dr. Darden 
gained an appreciation of the comparative household questionnaire response 
rates for the state .
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less than tw enty-s ix usable responses per c ity  could be expected when 

the corresponding inform ation from the c ity  water records was unavailable.

To account fo r  these possible sources o f a reduction in  the number o f re 

sponses needed per c i t y ,  two add itiona l factors were added to  the calcu

la tio n s  o f the number o f questionnaires to be mailed out. F ir s t ,  a post

card reminder was determined to  be the most c o s t-e ff ic ie n t way o f increas

ing usable response ra te . The postcard was mailed to each household tha t 

received a questionnaire to  encourage the in d iv idu a ls  to return the com

pleted questionnaire (see E xh ib it 3-9). This action was designed to in 

crease the usable response rate by a large enough margin to  ad just fo r  the 

loss o f paired inform ation from the c i t y  water records. The expected us

able re turn  rate was adjusted by town to  comply w ith the return rate d i f 

ference experienced by the other researchers. A lso, the actual number o f 

questionnaires mailed was adjusted so tha t the budgeted funds would be ex

hausted on the f i r s t  m a iling , ra ther than to  r is k  an in s u f f ic ie n t  usable 

return ra te  and thus require a second m ailing .

The se lection  o f c it ie s  to  be surveyed in  each watershed region re

quired th a t each c ity  meet several preconditions. The in d iv idu a l c ity 's  

water department must employ some form o f rate p ric in g  s tru c tu re , have a 

metered water d is tr ib u tio n  system, and maintain records o f water d is t r i 

bution to  in d iv idu a l households accessable fo r  purposes o f th is  study. In 

a d d ition , geographical dispersion w ith in  the watershed regions was consid

ered desirab le . To insure geographical d ispersion, only one c ity  per county 

was i n i t i a l l y  considered as a possible candidate fo r  a sample c ity .  This 

re s tr ic t io n  led to  the se lection o f using only the la rgest c ity  in each 

county. Many o f the counties' la rgest c it ie s  are re la t iv e ly  small (under 

5,000 people), which was considered the lower l im it  o f usable c ity  size.

By id e n tify in g  the la rgest c ity  in each Arkansas county, seventy-five
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using other sources, such as c ity  water records and government pub lica tions .

Values fo r  the three variables in the variab le  fa c to r group "c lim a to log ica l

conditions" were co llec ted  from the monthly c lim a to log ica l data reports o f

the U.S. Department o f Commerce. The values fo r  the variab le  town size were

extracted from an unpublished working paper o f the Arkansas Department o f 
4

Health. The values fo r  the remaining fou r variab les - water q u a n tity , av

erage p r ic e , marginal price  and incremental p r ice , were co llec ted  from a 

search o f the records maintained by the c ity  water departments.

A fte r the questionnaires were returned and the usable ones were id e n t i

f ie d , s ta t is t ic s  on the amount o f water de livered and the price  paid fo r  the 

water by the in d iv id u a l households were co llec ted  from the c ity  water records. 

Research assistants were employed in  th is  process since the dispersion o f 

sample c it ie s  is  ra ther extensive in the s ta te  o f Arkansas. The water p r ic 

ing schedules were obtained from each sample c ity  along w ith the o ther in fo r 

mation from the c it ie s  which allowed fo r  the de riva tion  o f the marginal prices 

and the incremental prices.

Values fo r  the variables not included in  the questionnaire , except fo r  

the variab le  town s ize , were co llec ted  fo r  three d if fe re n t months. That is ,  

values fo r  the variab les in  both the price  and the c lim a to log ica l variab le  

fa c to r groups as well as the values fo r  the dependent variab le  were co llec ted  

fo r  the months o f June, Ju ly and August o f 1977. W ithin the e n tire  data se t, 

these are the only variab les th a t vary s ig n if ic a n t ly  by month. Since a l l  the 

variables whose values change by month have been recorded separately by th e ir

3
U.S. Department o f Commerce, C lim ato log ica l Data, National Oceanic 

and Atmospheric Adm inistra tion Environmental Data Service. June 1977, V o l. 
82, No. 6 ; Ju ly 1977, Vol. 82, No. 7; August 1977, Vol. 82, No. 8 .

4
Arkansas Department o f Health, D iv is ion  o f Engineering, Public Water 

Supplies ( in te rn a l working paper, A p ril 1977).
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EXHIBIT 3-10 

SAMPLE RETURN RATES

Area
No. in 
Mailing

No. o f 
Returns

No. o f 
Usable 
Returns

Usable 
Return 
Rates

No. o f Complete 
Usable

Observations

B ly th e v ille  
Forest C ity 
Jonesboro 
Paragould 
S tu ttg a rt 

Region 1 
Arkadelphia 
El Dorado 
Hot Springs 
Pine B lu ff 

Region 2 
B a tesv ill e 
Harrison 
Pochahontas 
Walnut Ridge 

Region 3 
Benton 
Conway
F aye ttev ille  
Ft. Smith 
L i t t le  Rock 
Van Buren 

Region 4 
Magnolia 
Mena
Texarkana 

Region 5 
State

165
165
165
165
165
825
165
165
165
165
693
165
165
165
165
660
132
132
200
132
132
132
860
165
165
165
495

3533

42
45
54
55 
40

236
68
45
46 
62

221
60
54
55 
50

219
45
44
62
40
32
34 

257
35 
37 
28

Too
1033

37
27
30
33 
36

163
36 
35 
29 
32

132
37
38
34 
38

147
35
31 
46
27
28 
28

197 
27 
34 
26 
87 

726

22
16
18
20
22
20
22
21
18
16
19 
22 
23
20 
23 
22 
26 
23 
23 
20 
21 
21 
23 
16 
21 

-------18----------------

21

30
27
28
31
33 

149
28
32 
22 
22

104
34
35 
30 
30

129
35
30
35
25
26 
24

1 75

32
24
83

640
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respective month, the size o f the input data set can be t r ip le d  (and there

fore the e ffe c tiv e  sample s ize) by rearranging the values. The rearranging 

process employed w ith the data set simply inserted three observations where 

one was o r ig in a lly .  Each o f the variab les tha t did not vary by month were 

recorded in the new data set three times while those values tha t did change 

by month were entered in the appropriate new observation, depending i f  i t  

were the f i r s t ,  second, or th ird  month. Because the dependent variab le  in  

the regression model was one o f the variab les whose values changed by month, 

i . e . ,  June water quan tity  fo r  household 1, Ju ly water quan tity  fo r  household 

1, August water quan tity  fo r  household 1, the rearranging o f the data set was 

not merely a t r ip l in g  o f the numbers. The va ria tio n  in  the dependent variab le  

as been increased since the dependent va riab le  is  one o f those variab les tha t 

was recorded by month. Since the underpinnings o f regression analysis provide 

a method o f exp la in ing v a ria tio n  in  the dependent va riab le  based on the v a r i

able is  recorded by month is  c r i t ic a l  when t r ip l in g  the data set in  th is  man

ner. This procedure increased the e ffe c tiv e  sample size from 640 to ta l ob

servations to  1,920 observations.

Additiona l data e d itin g  reduced the e ffe c tiv e  sample size because o f 

obvious c le r ic a l e rro rs , i . e . ,  when the price  and quan tity  o f water values 

were not aligned w ith  the c i t ie s ' proportioned ra te  s tru c tu re , and by mis

sing values which were not observed u n t i l  the data set was computerized.

The f in a l re s u lt was th a t a data set w ith  1,773 observations fo r  22 d if fe re n t 

variables id e n tif ie d  by watershed region in  Arkansas was created. The ma

jo r i t y  o f the observations were co llec ted  by primary research method while 

only 18% o f the values were co llec ted  using secondary sources. E xh ib it 3-11 

presents some o f the de sc rip tive  s ta t is t ic s  o f the data set. The mean, stan

dard de v ia tion , and the number o f observations o f each va riab le  is  presented 

by region and fo r  the s ta te  so th a t the reader can gain an in i t i a l  apprecia

tio n  fo r  the values before the regression analysis is  presented.
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EXHIBIT 3-11 

DESCRIPTIVE STATISTICS

----------------S tate------------------ --------------Region 1--------------

V a ri
able

Q

AVP

MRP

INP

INC

HOV

FIN

PPH

AGE

CHI

TEM

PRE

APP

FIX

FAU

SWI

LAW

GAR

PUR

TOW

AWA

N

1770

1767

1770

1692

1773

1773

1773

1773

1773

1773

1773

1773

1773

1773

1773

1773

1773

1773

1773

1773

1773

Mean

81.009

117.581

85.323

70.364

142.714

365.939

508.653

2.751

43.977

0.639

794.166

426.612

1.905

6.670

9.353

6.419

94.002

8.993

5.248

250.263

6.176

Standard
Deviation

67.766

103.524

93.817

18.118

53.238

180.719

210.672

1.212

19.913

0.934

30.621

199.434

1.000

2.388

3.213

48.397

100.048

20.108

1.271

349.631

5.311

N

426

424

426

411

426

426

426

426

426

426

426

426

426

426

426

426

426

426

426

426

426

Mean 

102.877 

89.619 

64.395 

55.756 

143.978 

369.225 

513.204 

2.816 

41.667 

0.718 

796.917 

443.469 

1.887 

6.584 

9.218 

1.190 

76.651 

5.224 

5.443 

177.816 

5.877

Standard
Deviation

90.961

55.702

52.580

9.283 

51.627

190.156 

217.450 

1.137 

19.911 

0.892 

39.608 

170.146 

1.008 

2.397 

3.299 

11.893 

69.646 

11.395 

1.191 

75.317

5.283
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EXHIBIT 3-1,1 Continued

Region 4 Region 5

Vari- 
able N Mean

Standard
Deviation N Mean

Standard
Deviation

Q

AVP

MRP

INP

INC

HOV

FIN

PPH

AGE

CHI

TEM

PRE

APP

FIX

FAU

SWI

LAW

GAR

PUR

TOW

AWA

472

471

472 

464 

474 

474 

474 

474 

474 

474 

474 

474 

474 

474 

474 

474 

474 

474 

474 

474 

474

81.387

99.683

78.696

75.400

149.436

384.639

534.075

2.822

41.608

0.708

789.649

553.843

2.082

6.784

9.791

15.601

116.497

11.144

5.170

490.873

6.329

60.393 

39.063 

27.881 

14.571 

49.454 

174.464 

201.001 

1.325 

19.269 

1.027 

24.364 

255.771 

1.007 

2.392 

3.195 

77.508 

135.542 

21.096 

1.138 

579.503 

5.308

239

239

239 

222

240 

240 

240 

240 

240 

240 

240 

240 

240 

240 

240 

240 

240 

240 

240 

240 

240

79.050 

142.747 

112.256 

79.757 

127.975 

346.562 

474.537 

2.437 

50.777 

0.400 

792.158 

380.495 

1.612

6.337 

8.712 

6.875

97.544

15.382

5.337 

114.550

6.204

60.442 

133.166 

138.004 

26.613 

61.462 

185.375 

226.462 

1.225 

17.828 

0.817 

27.847 

91.757 

0.957 

2.257 

3.052 

61.234 

75.293 

32.806 

1.434 

67.117 

5.534
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EXHIBIT 3-Ί1 Continued

----------------Region 2 - ------------- --------------Region 3----------------

Vari
able N Mean

Standard
Deviation N Mean

Standard
Deviation

Q

AVP

MRP

INP

INC

HOV

FIN

PPH

AGE

CHI

TEM

PRE

APP

FIX

FAU

SWI

LAW

GAR

PUR

TOW

AWA

279

279

279

255

279

279

279

279

279

279

279

279

279

279

279

279

279

279

279

279

279

59.451

188.034

109.736

69.745

145.193

354.032

499.225

2.763

42.557

0.634

808.767

401.939

1.731

6.645

9.193

2.139

80.149

5.354

5.354 

303.763

5.681

45.615 

189.396 

174.186 

11.108 

52.436 

170.761 

195.460 

1.223 

19.980 

0.853 

25.192 

111.710 

1.019 

2.162 

3.018 

14.313 

94.683 

16.252 

1.208 

160.270 

5.529

354

354

354

340

354

354

354

354

354

354

354

354

354

354

354

354

354

354

354

354

354

72.502

102.369

81.918

75.760

140.228

359.466

499.694

2.779

46.435

0.618

786.759

313.457

2.025

6.864

9.491

3.483

93.281

9.186

4.974

65.118

6.703

55.349 

41.360 

38.025 

17.527 

52.886 

180.466 

212.330 

1.091 

20.809 

0.966 

27.112 

176.264 

0.926 

2.603 

3.312 

25.856 

87.679 

16.694 

1.406 

17.608 

4.983



61

CHAPTER 4 

DATA ANALYSIS

Introduction

The previous chapter presented the inform ation co lle c tio n  methodol

ogy used to obtain the data fo r  th is  study. The ind iv idua l variables 

were extracted from independent variab le  fa c to r groups, defined w ith  th e ir  

accompanying u n its , and co llected  from e ith e r primary or secondary sources. 

The chapter concluded w ith the presentation o f the data 's basic descrip

t iv e  s ta t is t ic s  by state and watershed regions.

This chapter centers on the analysis o f the data se t. As stated 

previously the ob jectives o f th is  study are to fin d  various re s id e n tia l 

water demand e la s t ic i t ie s  and to determine i f  the water demand schedules 

between the watershed regions are s im ila r . The remainder o f th is  chapter 

w i l l  discuss s ta t is t ic a l considerations in u t i l iz in g  appropriate tes ts  to 

achieve the stated ob jectives. In add ition  i t  w i l l  discuss the s ta t is t ic a l 

procedures as well as analyze the re su lts .

S ta t is t ic a l Considerations

The f i r s t  ob jective  o f th is  study is  to determine whether the in d i

vidual regional re s id e n tia l water demand p re d ic tive  models are s ig n i f i 

cantly  d iffe re n t from each other. Or, stated d if fe re n t ly ,  when the water 

demand models are developed fo r  each reg ion, are the d iffe rences between 

them so small as to be s ta t is t ic a l ly  in s ig n if ic a n t?  To address th is  

question, p re d ic tive  models fo r  each region must be developed. Once the
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models are developed, s ta t is t ic a l tes ts  can be applied to determine the 

p ro b a b ility  th a t the d iffe rences between the models are due to random 

sampling e rro r. I f  the p ro b a b ility  tha t the d ifferences e x is t between 

the regional water demand models is  sm all, the conclusion can be drawn 

tha t the models are s im ila r  w ith in  the confidence leve ls  defined by the 

p ro b a b ility .

Developing comparable regional re s id e n tia l water demand p red ic tive  

models requires the use o f regression analysis. Ordinary leas t squares 

regression analysis w i l l  generate a mathematical re la tio n sh ip  between the 

dependent va riab le  (quan tity  o f water demanded) and the independent v a r i

ables (the 20 variab les contained w ith in  the seven independent variab le  

fa c to r groups). However, the goal w i l l  be to  generate the models tha t have 

the greatest amount o f p re d ic tive  c a p a b ility . P red ic tive  c a p a b ility  fo r  

a m u ltiv a r ia n t model can be measured by the c o e ffic ie n t o f m u ltip le  de ter

mination (R-squared, or R2).

In add ition  to the level o f p re d ic tive  c a p a b ility  fo r  the models, 

each model should contain only those independent variab les tha t are s ig 

n if ic a n t  in con tribu ting  to the model. The method o f determining s ig n i f i 

cance fo r in d iv idu a l independent variab les is  to perform separate hypothe

s is  tes ts  fo r  each va riab le  w ith  a predetermined level o f e rro r th a t w i l l  

be used in  the study. From the sample design, a .12 level o f s ign ificance  

w i l l  be used throughout th is  study.

The use o f both lin e a r and exponential models o f in te g ra tin g  the in 

dependent variab les w ith in  a regression equation w i l l  be explored. The 

method tha t generates the models w ith  the highest amount o f p re d ic ta b il ity ,  

w ith in  acceptable leve ls  o f s ig n ifica n ce , fo r  the independent variab les 

w i l l  be used to te s t fo r  d iffe rences between the regional models. In
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order to  avoid an in co rre c t conclusion from comparing only one set o f 

regional models i f  they f a i l  to  demonstrate th a t they are s ta t is t ic a l ly  

comparable, two add itiona l sets o f models w i l l  be compared.

The lo g ic  fo r  th is  precautionary measure is  th a t the s p e c ific  set o f 

regional demand models developed w ith  the re s tr ic t io n  o f inc lud ing  only 

variab les w ith  a s p e c if ic  leve l o f s ig n ifica n ce  may, by design, exclude the 

model which would serve fo r  a l l  regions. Therefore, the te s t fo r  s ig n i f i 

cant d iffe rences between regional re s id e n tia l water demand models w i l l  be 

performed fo r  a set o f models as a l l  independent variab les inc luded, as 

well as a set o f models w ith  only a lim ite d  number o f variab les included.

In estim ating regional re s id e n tia l water demand models, care must be 

taken to  insure th a t the models are s t a t is t ic a l ly  comparable. I f  each 

reg ion 's  model is  developed completely independently, the re s u ltin g  set 

o f regional models may not be comparable because the p o s s ib lity  th a t 

they each contain a d if fe re n t  mix o f independent va riab les . Therefore, 

a generalized model so lu tio n  must be found th a t contains the same mix o f 

independent variab les fo r  a l l  reg ions, while a t the same time the models 

must achieve a high degree o f p re d ic ta b il i t y  fo r  each in d iv id u a l region. 

A fte r  constructing such a generalized model s o lu tio n , the in d iv id u a l models 

can be s ta t is t ic a l ly  tested to  determine i f  there are d iffe rences in  the 

regional water demand schedules. I f  no s ig n if ic a n t d iffe rences e x is t ,  a 

s ing le  model can be used to  describe the re s id e n tia l water demand fo r  the 

e n tire  s ta te  o f Arkansas. However, i f  s ig n if ic a n t d iffe rences do e x is t 

between the generalized models fo r  each reg ion , then the lo g ic a l approach 

would be to  abandon the generalized model so lu tio n  and develop regional 

models independently so th a t each reg ion 's  re s id e n tia l water demand model 

approaches the maximum amount o f p re d ic tive  c a p a b ility  possible from the 

data set a va ila b le .
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The second objective o f th is  study is  to determine em pirica lly  various 

res iden tia l water demand e la s t ic it ie s .  E la s t ic it ie s  are useful too ls in 

po licy making and should be derived from a model which is  capable o f explaining 

the in te ractions o f the independent variables on the dependent variab le . A 

pred ic tive  model, on the other hand, may or may not be useful in explaining 

the in te rac tion  o f the independent variables on the dependent variab le .

A m u lti-va ria n t regression model derived by the use o f the sum of the 

least squares w i l l  serve as a pred ic tive  model. I f  the c o e ffic ie n t o f 

m u ltip le  determination is  high, the model w i l l  have a high degree o f 

p red ic tion ; i f  no m u ltic o ll i nearity  ex is ts  between the independent variables 

in the regression model, the model w i l l  also serve as an explanatory model.

M u lt ic o llin e a r ity ,  however, is  a matter o f degree rather than a ques

tion  o f absolutes. As Exhibits 3-11, 3-12, and 3-13 demonstrate, the vast 

m a jo rity  o f the variables are corre lated to each other in some degree. The 

question becomes one o f determining i f  m u ltic o ll in e a r ity  ex is ts  to a su f

f ic ie n t  degree to preclude the use o f p red ic tive  model as an explanatory 

model. Or more s p e c if ic a lly ,  at what level o f m u lt ic o llin e a r ity  does 

the use o f a p red ic tive  model as an explanatory model become inva lid? A l

though th is  question has not been completely answered in the s ta t is t ic a l 

l i te ra tu re ,  a pragmatic approach is  ava ilab le .

M u lt ic o llin e a r ity  ex is ts  when one independent variab le  corre lates 

w ith any other independent variab le  or w ith any lin e a r combination o f the 

other independent variab les. The co rre la tion  c o e ffic ie n t tables presented 

in Chapter 3 demonstrate tha t m u lt ic o llin e a r ity  ex is ts  since none o f the 

ind iv idua l c e lls  have a zero value. However, the vast m a jo rity  o f the 

values are qu ite  small, and therefore in s ig n if ic a n t. A general ru le  fo r 

a pragmatic so lu tion elim inates a l l values under the absolute value o f .8 

fo r a co rre la tion  c o e ffic ie n t between independent variables as in s ig n if ic a n t 

w ith respect to high levels o f m u ltic o ll in e a r ity  w ith in  the regression model.
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A carefu l examination o f the co rre la tio n  c o e ff ic ie n t tables reveals tha t 

an absolute value o f .8 or higher is  found only when two variab les from 

the same independent va riab le  fa c to r group are involved. For example, the 

c o e ff ic ie n t o f co rre la tio n  between HOV and FIN ( fo r  a l l  regions) is  .97. 

This, o f course, was e n t ire ly  expected since the va riab le  FIN is  a lin e a r 

combination which includes HOV ( i . e . ,  FIN = INC + HOV). Instead o f 

removing one or the other o f these va riab les , which could lower the 

p re d ic tive  c a p a b ility  o f the model, care w i l l  be exercised w hile inc lud ing  

independent variab les in the models to  prevent both variab les appearing 

in the same explanatory model.

A fte r determining the model which provides the best p re d ic tive  capa

b i l i t y  fo r  each reg ion, e la s t ic i t ie s  w i l l  be determined fo r  each o f the 

independent variab les i f  the model can serve as an explanatory model as 

well as a p re d ic tive  model. Since the only time th is  would not be the 

case is  when an unacceptable leve l o f m u lt ic o l l in e a r ity  is  involved (be

cause o f the inc lus ion  o f independent variab les from the same fa c to r group), 

an add itiona l step in  the analysis is  required c o n d itio n a lly . An examina

tio n  o f the best p re d ic tive  model so th a t variab les in the same fa c to r 

group w ith  high leve ls  o f c o rre la tio n  are not included, w i l l  s u ff ic e  to 

convert the p re d ic tive  models in to  explanatory models. F in a lly ,  i t  is  

recognized th a t the approach o f using the co rre la tio n  c o e ffic ie n ts  between 

the independent variab les to  exclude the p o s s ib i l i ty  o f unacceptable leve ls  

o f m u lt ic o l l in e a r ity  im p lic i t ly  assumes th a t a three or more lin e a r co rre la 

tio n  o f independent variab les w i l l  not e x is t w ithout some in d ica tio n  a t 

the tw o-variab le  le v e l.
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S ta t is t ic a l Analysis Procedures

This section is  devoted to an explanation o f the s ta t is t ic a l analysis 

employed in th is  study and the accompanying re su lts . The previous section 

presented the ob jectives o f th is  study and a few o f the s ta t is t ic a l con

cepts to be employed. The remaining methods o f analysis w i l l  be presented, 

followed immediately by the resu lts  o f the procedures described. References 

w i l l  be made to the exh ib its  a t the end o f th is  chapter. The reader may 

fin d  i t  useful to i n i t i a l l y  acquaint himself w ith the location and general 

contents o f the e x h ib its , since frequent references w i l l  be made to these 

throughout th is  section.

Before beginning the s ta t is t ic a l explanation and i t s  accompanying 

ana lys is, an overview o f th is  section is  presented. The f i r s t  ob jective  

o f th is  study is  to determine i f  the f iv e  watershed regions w ith in  Arkansas 

have s im ila r res ide n tia l water demand models. To accomplish th is ,  the 

best ava ilab le  p re d ic tive  models must be found. Therefore, a search is  

conducted to id e n tify  the best model form, fo r  p re d ic tive  purposes, using 

the given set o f independent variab les. A fte r find in g  the model form 

which has the greatest p re d ic tive  c a p a b ility , a s ta t is t ic a l te s t is  de

scribed and performed to determine i f  the regional models are s ta t is t ic a l ly  

d if fe re n t from each other. A fte r th a t, the best p re d ic tive  models are 

converted in to  explanatory models and e la s t ic i t ie s  o f each independent 

variab le  in  the regional models are determined. F in a lly , an explanation 

and comparison o f the e la s t ic i t ie s  are presented.

Selection o f P red ic tive  Model Form

A procedure to determine the model form fo r  combining the independent 

variables in to  a s ing le  mathematical expression tha t best provides pred ic

t iv e  c a p a b ilit ie s  is  d ire c t corre la ted comparisons. Fortunate ly, the
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current s ta t is t ic a l l i te ra tu re  provides a measurement o f a regression 

model's a b i l i t y  to  p re d ic t. This measurement is  the c o e ff ic ie n t o f 

determ ination ( r 2 ) ,  o r the c o e ff ic ie n t o f m u ltiv a r ia te  determ ination 

(R-squared or R2 ) i f  more than two independent variab les are included 

in  the regression model. This measurement is  a ra t io  o f the to ta l amount 

o f va ria tio n  explained by the model to  the to ta l amount o f v a r ia tio n  o f 

the dependent va riab le . When working w ith  s tochastic  data, as in  th is  

study, the re s u lt o f regression analysis is  to provide a model which 

increases the p ro b a b ility  to  p re d ic t the value o f an unobserved occurrence 

o f the dependent va riab le . By using these s ta t is t ic s  as the base level 

o f p re d ic ta b il i ty  w ithou t the aid o f a regression model, a ra t io  o f the 

improved p re d ic ta b i l i ty  w ith  the aid o f a regression model is  a v a ila b le .1 

Using the same set o f independent variab les in varied forms can y ie ld  

d if fe re n t leve ls  o f p re d ic ta b i l i ty .  By comparing these d if fe re n t models' 

p re d ic tive  c a p a b ilit ie s ,  the best ava ilab le  p re d ic tive  model can be deter

mined. The methods o f combining the independent variab les in to  regression 

models are re s tr ic te d  to  three basic v a r ia tio n s : lin e a r ,  exponential and 

polynomial regression model forms. A ll three o f these methods were explored 

fo r  th is  study. The f i r s t  two model forms, lin e a r  and exponentia l, were 

constructed, since the number o f terms w ith in  these models w ith  a l l 

independent variab les is  lim ite d  to  simply the to ta l number o f variab les 

in the model. However, a second order polynominal model w ith  19 independent 

variables would have 190 terms, w hile  higher order polynomial models would 

have a s u b s ta n tia lly  la rg e r number o f terms. Therefore, a method to 

p red ic t the e ff ic ie n c y  o f polynomials were employed p r io r  to the constructing 

involved models fo r  comparable p re d ic tive  purposes.

1John Neter and W illiam  Wasserman, Applied Linear S ta t is t ic a l Models 
(Homewood, ILL: Richard D. Irw in , In c .,  1974), page 228.
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An accepted search method fo r  locating possible polynomial re la t io n 

ships w ith in  the data set is  to examine the graphical re la tionsh ip  be

tween the residuals resu ltin g  from a lin e a r or exponential model and each 

ind iv idua l independent variab le . I f  a polynomial model form is  inherent 

w ith in  the data set, a c u rv ilin e a r pattern w i l l  usually appear on the p lo t. 

Although th is  method can be employed re la t iv e ly  qu ick ly w ith the aid o f 

an e lectron ic  computer, the resu lts  are extremely lengthy to present since 

each independent variab le  requires a separate graph fo r  each model 

( lin e a r and exponential) and fo r each region, or a to ta l o f 684 separate 

graphs. Although the ind iv idua l graphs are not presented in th is  paper, 

they were p lo tted and examined w ith no s ig n ific a n t evidence to suggest 

tha t the use o f polynomial model forms would improve the p red ic tive  capa

b i l i t y  o f the lin e a r and exponential forms o f models.

Since the ob jective a t th is  stage is  to simply id e n tify  the model 

form which has the highest p red ic tive  ca p a b ility , a l l independent variables 

tha t influenced the c o e ffic ie n t o f m u ltip le  determination were included in 

the regression models fo r  comparison purposes. Eighteen models were con

structed fo r  both the lin e a r and the exponential forms, using a stepwise 

regression procedure tha t maximized the R-squared value.2 The resu lts  o f

2Each time a p a rtic u la r method o f examining the data is  explored, 18 
d iffe re n t models must be generated. The state o f Arkansas is divided in to  
f iv e  watershed regions. When counting one model fo r  the sta te , the to ta l is  
s ix . These six models are then m u ltip lie d  by three, one fo r each variable 
in the Price independent variab le fac to r group, to y ie ld  a to ta l o f 18. The 
reason fo r  find ing  a separate model fo r  each region w ith the three d iffe re n t 
price variables lie s  in the fa c t tha t they are not proxies fo r  each other.
One o f the three price variables w il l  be included in a model depending upon 
the assumption made concerning the consumer's decision process as he evaluates 
his opportunities fo r  acquiring goods and services. I t  is  assumed that the 
consumer w il l  e ith e r consider the average price he pays fo r water or a marginal 
price. In add ition , the high amount o f co rre la tion  between these variables 
requires the exclusion o f a ll but one o f the price variables to avoid the 
problem o f m u lt ic o llin e a r ity  as explained in the previous section. Therefore,
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these models ind ica te  tha t the exponential form is  a superior method o f 

combining the independent variab les in to  a p re d ic tive  model. In each 

ind iv idua l case when the same price  variab le  assumption is  combined w ith 

a p a rtic u la r area, the exponential model produces a la rge r R-square value 

than the lin e a r model. The mean R-square value fo r  the 18 lin e a r models 

is  .3753, compared to  a mean R-square value o f .5962 fo r  the exponential 

models. The .2209 d iffe rence  between these mean values, represents a 

58 percent increase in  p re d ic tive  c a p a b ility  ava ilab le  by using the 

exponential model form over the lin e a r model form. O vera ll, eighteen 

exponential models were estimated (one fo r  each o f the s ix  regions and 

three price  variab les) but the models u t i l iz in g  the average p rice  variab le  

provided the highest p re d ic tive  c a p a b ility . The re su lts  o f these models 

are reported in Exh ib its  4-1 through 4-6.

Comparison o f Regional Models

In the previous section i t  was demonstrated th a t the exponential 

regression model provided the best means o f p red ic ting  water demand from 

the set o f independent variab les used in th is  study. The question th a t 

must be addressed now is  whether there are any s ig n if ic a n t d iffe rences 

between the regional regression models in exponential form. A method o f 

approaching th is  question is  to  compare the resu lts  o f the in d iv idu a l 

regional regression exponential models to a combined sta te  regression 

exponential model. By comparing separate regression models fo r  each region 

and the e n tire  sta te  i t  is  possible to  determine i f  the sta te  regression

fo r both s ta t is t ic a l reasons and because o f a -p r io r i assumptions, one and 
only one price  variab le  w i l l  be included in the models a t a time. However, 
the se lection o f the appropriate price  va riab le  to use can be approached more 
e f f ic ie n t ly  a f te r  the em pirical data has been analyzed to  a ss is t in  the 
decision process. For these reasons, the inc lus ion  o f 18 models fo r  each 
method to  be employed should be expected by the reader.
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model would serve as well as the f ive separate regional regression models 

for predictive purposes. Or stated d ifferently—do the regression 

coeff ic ients of the regional models  represent significant differences 

at a given level of confidence?

To address this question the null hypothesis can be stated that a 

single regression model is  adequate for the individual regions. That i s ,  

a single  coeff ic ient  can be found for each independent variable so that 

the regional variable coeff ic ients  represent only insignificant differences. 

Can be determined such that:

βS1 ~ β11, βS1~ β21 · · . βS1 ~ β51 
and

can βS2 be determined such that:

βS2 ~ β 1 2 ~  β S 2 ~β22···βS2 ~ β52 
and

can βS3 be determined such that:

βS2 ~ β13' βS3 ~ β23. . . βS5 ~ β53
etc.

Where: β is  a coeff ic ient  identified by subscripts where the f i r s t
subscript denotes the area (S = state and the numbers cor
respond to the regions) and the second subscript represents 
the variable that this  coeff ic ient  modifies.

Note the approximation signs (not equal signs) between the 
coeff ic ients  to denote that the coeff ic ients  are equivalent 
at some level of significance.

The procedure that accomplishes this tes t  re l ies  on the amount of 

error that the individual regression models have by composing a F s t a t i s 

t ic  te s t  which can be compared to a F value from the predetermined F 

distribution at n specific  level of confidence for the associated levels  

of degrees of freedom3. The algebraic tes t  is:

------- 3--------------James E. Dunn, "Methods of Multivariate Analysis," (unpublished 
manuscript), p. 58.
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Ftes t
(SSER - SSEf ) ∻ (Vr - Vf)

where:

SSEr = Square sum of the errors for the state  model

SSEF = Square sum of the errors for all  the regional models

Vr= Degrees of freedom for the s tate  model Vf = ns -  ps

Vf = Degrees o f  freedom for the regional models or
Vr = V1 + V2 + V3 + V4 + V5 where V1 = N1 - p1  where 
n i s  the number of observations and p i s  the number of  
estimated regression co e f f ic ien ts .

After the Ftest has been calculated,  i t  can be compared to the 

Fs t a t i s t i c  the appropriate parameters to conclude the procedure with 

the following decision rule:

Reject the null hypothesis i f :

Ftest > Fstatistic 
where:

Fst a t i s t i c  = F(Vr-Vf ; Vf, 1-α ) ,  d etermined from the F 

distr ibution.

If the null hypothesis is  rejected, then individual regional regression 

models are s t a t i s t i c a l l y  d if ferent  from each other, and the s ta te  regres

sion model would not provide an e f f i c i e n t  approximation for the individual  

watershed regions in predicting res ident ial  water demand.

To calculate th is  t e s t ,  i t  i s  imperative that a ll  the regression 

models used have the same set  of  independent variables.  This requirement 

i s  sa t i s f ied  i f  all  the independent variables available (except the dupli

cated price variables) are used in each area's equation. The Ft e s t  is  

calculated for each of the three price variables.  The result ing values are 

8.76 for the model which includes average price as the independent variable  

and 6.82 and 1.42 for the marginal and incremental price models respectively .

(SSEf ) ∻ Vf



72

When the values o f the Fte s t are compared to the appropriate Fs ta t i s tli c

F (80; 1667;  . 88) = 1· 32) , the null hypothesis is  rejected at the 88

percent confidence le ve l. That is ,  using an alpha level o f .12 (deter

mined from Chapter 3 ), the single exponential regression model fo r  the 

state w ith 19 independent variables provides s ta t is t ic a l ly  s ig n ific a n t 

d iffe re n t estimates fo r  the co e ffic ie n ts  than the in d iv id u a lly  calculated 

regional regression models.

The p o s s ib ility  s t i l l  ex is ts  tha t a less sp e c ific  exponential regres

sion model constructed fo r  the state using a fewer number o f independent 

variables could be s ta t is t ic a l ly  acceptable in explaining the ind iv idua l 

regional res iden tia l water demand models. Therefore, a set o f regression 

models w i l l  be constructed using the three most constantly s ig n ific a n t 

variables in  pred ic ting  water demand. Based on the average order o f entry 

in to  the stepwise regression, these variables include the d iffe re n t measures 

o f p rice , to ta l number o f water faucets, and town size. Again, three sets 

o f s ix  models each must be derived so tha t each price variab le  is  entered 

fo r  the various price re la ted assumptions. Following the same tes ting  pro

cedure as above the values o f the Ftest s are 20.44, 14.63, and 11.13 fo r 

the average, marginal, and incremental price variab le  models respective ly. 

A ll three Ftests are la rger than th e ir  corresponding Fs ta t is t ic s  determined 

from the F d is tr ib u tio n  ( F(12, 1752; 88) = 88) = 1· 33) and therefore , the

nu ll hypothesis in each case is  re jected. This means tha t even by reducing 

the exactness o f the models, and thereby fo r fe it in g  some p re d ic ta b il ity ,  the 

regional models are s ta t is t ic a l ly  s ig n ific a n t as regional pred ic to rs, 

compared to a sta te  regression model.

Before concluding tha t independently developed regional models are 

s ig n if ic a n tly  d iffe re n t from a state regression model, independently
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developed, one f in a l approach w i l l  be employed. Although models w ith a l l 

independent variab les included and w ith  only three independent variables 

included have been demonstrated to be s ig n if ic a n t ly  d if fe re n t from the 

state regression model s im ila r ly  developed w ith respect to th e ir  estim ation 

o f the parameter c o e ffic ie n ts , the p o s s ib il i ty  remains th a t some inbetween 

number o f variables could prove to be s ta t is t ic a l ly  in s ig n if ic a n t in the 

state model as an approximation o f the regional models. To construct such 

a model, the number and se lection o f included variables must be addressed 

so tha t a generalized sta te model would be an approximation o f the mean 

o f the various con tribu to ry  variab les in the regional model. To accomplish 

th is  task, the order in which the variab les are entered in to  the model by 

a stepwise regression procedure w i l l  be considered, along w ith the adjusted 

c o e ff ic ie n t o f m u ltip le  determ ination and the Fs ta t is t ic  fo r  each indepen

dent variab le .

By employing a stepwise regression procedure which maximizes the 

R-squared value, each independent variab le  is  entered in to  the model 

according to i t s  con tribu tion  to  the model's R-squared value. Using the 

va ria b le 's  entry order number as the basic means o f constructing an aver

age optimal sta te  model, and then considering the other two fac to rs  when 

needed, a composite model w i l l  be developed and then tested.

Since the c o e ffic ie n t o f m u ltip le  determ ination can only increase 

or remain constant by the adding o f independent variab les to  the regression 

model, the adjusted c o e ff ic ie n t o f m u ltip le  determ ination is  useful when 

examining the re la tio n sh ip  between the number o f variab les in  the model 

and the amount o f to ta l va ria tio n  in  the dependent va ria b le , which is 

explained by the in te ra c tin g  o f the independent va riab les.

The adjusted c o e ffic ie n t o f m u ltip le  determ ination accounts fo r  the 

number o f independent variab les used in the model which reduces the degrees
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of freedom i t  has. If an additional variable does not add to the pre

dictive capability of the model enough to offset  the loss of a degree 

of freedom, the value of the adjusted coefficient of multiple determina

tion will decline. The value of the adjusted coefficient of multiple 

determination can be determined by:

R2/a = 1 - (n - 1) SSE
(n - p) SSTO

where:

R 2/a = adjusted coeff ic ient  of multiple determination a
SSE = error sum of squares, or Σ(Υi - Y)2

SSTO = total sum of squares, or Σ(Yl - Y)2 

n = number of observations

p = number of independent variables in the regression model 

A two-dimensional graph of the adjusted coefficient of multiple de

termination plotted against the number of independent variables used in 

the model can be a useful tool in selecting the optimal number of inde

pendent variables to include in a model. Assuming the independent vari- 

ables are added in order of the increasing value of the R2 , the above- 

mentioned plot will indicate the optimal number of independent variables. 

When the marginal value of the adjusted coeff ic ient  of multiple determin

ation reaches zero, the associated mix of independent variables is  opti

mal in s ta t i s t i ca l  terms, given the set of possible independent variables 

from which to se lect .

The third factor to consider while trying to construct a generalized 

state model is  the level of significance of each independent variable. If 

an individual independent variable has a low level of confidence associated 

with i t s  estimated coe ff ic ien t ,  i t s  usefulness as a predictor must be 

questioned. By identifying the variables that have an alpha level of more
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than .12 associated w ith th e ir  estimated c o e ff ic ie n t,  a th ird  c r ite r io n  

fo r  compiling a composite model is  id e n tif ie d .

Based on the three c r i te r ia  ou tlined  above a generalized sta te  model 

is  estimated by f i r s t  averaging each independent va ria b le 's  entry order 

number in the stepwise regression in order to  provide an array o f the 

most common entry order. The number o f variab les to include in the

generalized model is  determined by averaging the to ta l number o f variables
2in each regional model tha t entered so lu tion  w ith a p o s itive  R2 a value and 

were s ig n if ic a n t a t the .12 alpha le ve l.

An exponential regression model was computed fo r  the sta te  and 

each AWRPA fo r  each separate price  va riab le . The resu lts  o f these models 

are presented in Exh ib its 4-8, 4-9, 4-10. The Ftes ts  f or the average, 

marginal, and incremental price  models are 13.45, 10.04, and 8.24 respec

t iv e ly .  As before, the above Ftes ts  are la rge r than th e ir  corresponding 

Fs ta t is t ic s  determined from the F d is tr ib u t io n ,  and therefore the nu ll 

hypothesis is  re jected in each case. At th is  time a conclusion can be 

drawn tha t the in d iv id u a lly  developed regional re s id e n tia l water demand 

models are s ig n if ic a n t ly  d if fe re n t w ith respect to the estimates o f th e ir  

co e ffic ie n ts  than the sta te re s id e n tia l water demand model.

Development o f Explanatory Models

The methods explained in the preceding section provide the neces

sary too ls  fo r  developing in d iv idu a l regional models fo r  re s id e n tia l water 

demand fo r  p re d ic tive  purposes. Explanatory models can be estimated by 

simply ad justing these models as necessary to  account fo r  problems o f 

m u lt ic o llin e a r ity .  By specify ing the variab les in exponential form the 

estimated regression co e ffic ie n ts  are also the e la s t ic i t ie s  o f the variab les 

they modify w ith respect to water. The estimated explanatory models, specified  in
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terms o f natura l logs, are presented in  E xh ib it 4-11. Note th a t the 

re s u ltin g  regional explanatory re s id e n tia l water demand models do not 

contain the same set o f independent va riab les . This re s u lt  is  f u l ly  

expected, based on discussions in  the preceding sections. The re su lts  

and usefulness o f these models w i l l  be discussed in  the next chapter.
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EXHIBIT 4-1

AVERAGE PRICE EXPONENTIAL STEPWISE REGRESSION RESULTS
FOR

STATE

The following exhibit is  a summary of the equations generated by the 
stepwise regression using the maximum R-squared improvement technique.
The variable AVP was the only variable from the Price Factor Group in
cluded in the data set.  The variable values were transformed into their 
natural logrithmic form.

Varible
Entry
Number

Variable
Fvalue

Variable
Fprob R2 R2a ΔR2a

Coef
f ic ien t

AVP
PPH
FIN
PRE
PUR
TOW
APP
AWA
FAU
FIX
TEM
HOV
AGE
CHI
SWI
INC
GAR
LAW

1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18

894.6
24.6
19.6 
16.8 
11.5
8.9
4.6 
2.8
1.7
3.5
2.9
1.5 
4.0
2.9
1.5 

.7 

.4 

.0

.0001

.0001

.0001

.0001

.0007

.0031

.0326

.0964

.1937

.0603

.1401

.2235

.0468

.0886

.2227

.4088

.5248

.9047

.4180

.4995

.5002

.5158

.5189

.5214

.5231

.5247

.5248

.5256

.5263

.5271

.5275

.5278

.5282

.5283

.5285

.5285

.4180

.4989

.4996

.5147

.5176

.5197

.5212

.5226

.5227

.5232

.5236

.5239

.5240

.5243

.5244

.5243

.5241

.5239

.0809

.0007

.0151

.0029

.0021

.0015

.0014

.0001

.0005

.0004

.0003

.0001

.0003

.0001

.0001
-.0002
-.0002

-1.080
.221
.225
.086

- .030
- .045
- .041 

.030 

.154 

.197 

.486
- . 0 1 6  

.093 

.004
- .003 

.036 

.001
- .001

The following s ta t i s t i c s  were computed for the last  equation calcu
lated by the stepwise procedure:

SSE = 504.614 

n = 1767

fvalue = 108. 85 

Fprob = . 0001
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EXHIBIT 4 -2

AVERAGE PRICE EXPONENTIAL STEPWISE REGRESSION RESULTS
FOR

REGION 1

The f o l l o w i n g  e x h i b i t  i s  a summary o f  t h e  e q u a t i o n s  g en e ra te d  by the  
s te p w is e  r e g r e s s i o n  u s in g  t h e  maximum R-squared improvement t e c h n iq u e .
The v a r i a b l e  AVP was t h e  o n l y  v a r i a b l e  f rom  t h e  P r i c e  F a c t o r  Group i n 
c lu ded  i n  t h e  da ta  s e t .  The v a r i a b l e  v a lu e s  were t r a n s fo r m e d  i n t o  t h e i r  
n a t u r a l  l o g r i t h m i c  fo rm .

V a r i a b l e
E n t r y
Number

V a r i a b l e  
F v a lu e

V a r i a b l e
Fprob R2 d 2

R2a Δ R2a

Coe f 
f i c i e n t

AVP
TOW
TEM
PRE
PUR
FIN
CHI
AGE
HOV
INC
LAW
APP
AWA
FAU
PPH
SWI
GAR
FIX

1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18

111 .4
7 4 .9
2 4 .8  
17 .4  
18.1
14 .8  

6 .9  
6.1

13 .6
10 .0

5.1
7 .0
6 .0  
1.1 
2 .7  
1.1

.3

.0

.0001

.0001

.0001

.0001

.0001

.0001

.0091

.0138

.0001

.0017

.0248

.0084

.0150

.3053

.1023

.2888

.5590

.9572

.3302

.4166

.4192

.4677

.4839

.4883

.4961

.5087

.5182

.5203

.5262

.5344

.5371

.5381

.5413

.5423

.5428

.5428

.3302

.4138

.4379

.4626

.4777

.4822

.4888

.505

.5077

.5099

.5148

.5196

.5224

.5234

.5256

.5255

.5248

.5236

.0836

.0241

.0247

.0151

.0045

.0066

.0117

.0072

.0022

.0049

.0048

.0028

.0010

.0022
- .0001
- .0 0 0 7
- .0 0 1 2

-  .854 
.635

2 .645
.281
.519

2 .88
.014
.232

-1 .9 5 4
-  .668 

.035
-  .108 

.094 

.291 

.172 

.010 
-  .001 
-  .013

The f o l l o w i n g  s t a t i s t i c s  were computed f o r  t h e  l a s t  e q u a t i o n  c a l c u 
l a t e d  by th e  s te p w is e  p ro c e d u re :

SSE = 114 .619 Fv a lu e  = 26 .72

n = 424 Fprob =
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EXHIBIT 4 -3

AVERAGE PRICE EXPONENTIAL STEPWISE REGRESSION RESULTS
FOR

REGION 2

The f o l l o w i n g  e x h i b i t  i s  a summary o f  t h e  e q u a t i o n s  gen e ra ted  by the  
s te p w is e  r e g r e s s i o n  u s ing  t h e  maximum R-squared improvement t e c h n iq u e .
The v a r i a b l e  AVP was th e  o n l y  v a r i a b l e  f rom th e  P r i c e  F a c to r  Group i n 
c luded  i n  t h e  da ta  s e t .  The v a r i a b l e  v a lu e s  were t ra n s fo rm e d  i n t o  t h e i r  
n a t u r a l  l o g r i t h m i c  fo rm .

V a r i a b l e
E n t r y
Number

V a r i a b l e  
Fva lue

V a r i a b l e
Fprob R2 R2a Δ R2a

C o e f 
f i c i e n t

AVP
TOW
FIN
FAU
PUR
PPH
CHI
AGE
APP
SWI
LAW
INC
HOV
FIX
GAR
AWA
PRE
TEM

1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18

423.1
112.7

14 .8
4 .8
2 .9  
2 .2  
2 .8
3 .0  

.5
2 .0  
2 .7
1 .5
1 .9
1 .5  

.2 

.1 

.0  

.0

.0001

.0001

.0002

.0295

.0872

.1433

.0944

.0831

.4640

.1564

.1020

.2225

.1610

.2182

.6371

.7043
1.0000
1.0000

.4965

.6205

.6691

.7121

.7195

.7249

.7251

.7252

.7255

.7272

.7303

.7314

.7316

.7333

.7335

.7337

.7337

.7337

.4965

.6191

.6667

.7079

.7133

.7157

.7158

.7160

.7163

.7170

.7181

.7182

.7184

.7191

.7183

.7173

.7163

.7152

.1226

.0476

.0412

.0054

.0024

.0001

.0002

.0003

.0007

.0011

.0001

.0002

.0007
- .0 0 0 8
- .0 0 1 0
- .0 0 1 0
- .0011

-1 .6 1 5  
.501 
.486 
.596

-  .188 
.136

-  .009
-  .176
-  .029
- .009
-  .015
-  .125
-  .019
-  .3127 

.001 

.014 

.275
-  .089

The f o l l o w i n g  s t a t i s t i c s  were computed f o r  th e  l a s t  e q u a t i o n  c a l c u 
l a t e d  by th e  s te p w is e  p ro c e d u re :

SSE = 52.996 Fv a lu e  = 37.57

n = 279 Fprob = .0001
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EXHIBIT 4-4

AVERAGE PRICE EXPONENTIAL STEPWISE REGRESSION RESULTS
FOR

REGION 3

The fo l lo w in g  e x h ib i t  is  a summary o f  the equations generated by the 
stepwise regress ion  using the maximum R-squared improvement technique.
The v a r ia b le  AVP was the on ly  v a r ia b le  from the P r ice  Factor Group i n 
cluded in  the data se t.  The v a r ia b le  values were transformed in to  t h e i r  
na tu ra l lo g r i th m ic  form.

V ariab le
Entry
Number

V a r ia b le  
Fvalue

V a r ia b le  
Fprob R2 R2a ΔR2a

Coef
f i c i e n t

AVP 1 137.4 .0001 .3116 .3116 -1.035
PPH 2 17.6 .0001 .4634 .4619 .1503 .430
LAW 3 9.2 .0026 .5465 .5426 .0807 .079
FAU 4 5.6 .0181 .5502 .5446 .0020 .574
SWI 5 5.3 .0223 .5683 .5633 .0187 .017
INC 6 5.7 .0173 .5905 .5834 .0201 .275
APP 7 8.7 .0034 .5972 .5890 .0056 - .116
AWA 8 6.3 .0128 .6050 .5958 .0068 .092
GAR 9 2.5 .1160 .6080 .5977 .0019 .004
PUR 10 1.3 .2523 .6095 .5981 .0004 - .011
CHI 11 .7 .4202 .6108 .5983 .0002 .004
FIN 12 .3 .6040 .6108 .5983 .0000 - .161
TEM 13 .7 .4128 .6114 .5977 -.0006 - .579
TOW 14 .4 .5251 .6118 .5969 -.0008 - .058
HOV 15 .2 .6570 .6120 .5959 -.0010 - .090
PRE 16 .1 .7311 .6122 .5949 -.0010 .012
FIX 17 .1 .7616 .6123 .5938 -.0011 - .063
AGE 18 .0 .9954 .6123 .5926 -.0012 - .001

SSE = 62.754

n = 354

Fvalue 29.39 

Fprob = . 0001

The fo l lo w in g  s t a t i s t i c s  were computed f o r  the la s t  equation c a lc u 
la te d  by the stepwise procedure:
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EXHIBIT 4 -5

AVERAGE PRICE EXPONENTIAL STEPWISE REGRESSION RESULTS
FOR

REGION 4

The f o l l o w i n g  e x h i b i t  i s  a summary o f  t h e  e q u a t i o n s  gen e ra te d  by th e  
s te p w is e  r e g r e s s i o n  u s ing  t h e  maximum R-squared improvement t e c h n iq u e .
The v a r i a b l e  AVP was t h e  o n l y  v a r i a b l e  f rom th e  P r i c e  F a c to r  Group i n 
c lu ded  i n  t h e  da ta  s e t .  The v a r i a b l e  v a lu e s  were t r a n s fo rm e d  i n t o  t h e i r  
n a t u r a l  l o g r i t h m i c  fo rm .

V a r i a b l e
E n t r y
Number

V a r i a b l e  
Fv a lu e

V a r i a b l e
8prob R2 Ra ΔR2a

C o e f 
f i c i e n t

AVP
TOW
FIN
LAW
PPH
FAU
TEM
AGE
APP
INC
HOV
PUR
GAR
FIX
AWA
CHI
SWI

1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16 
17

378 .0
103.1 

5 .8
47 .2
20 .0

8 .0
7 .6
1 .4

.6
4 .3
3 .4  

.8
1 .3

.3

.2

.1

.0

.0001

.0001

.0169

.0001

.0001

.0048

.0062

.2354

.4526

.0389

.0655

.3759

.2633

.5716

.6613

.7574

.9231

.3700

.4788

.5699

.5940

.6250

.6405

.6472

.6489

.6507

.6527

.6544

.6552

.6559

.6565

.6567

.6568

.6568

.3700

.4777

.5681

.5914

.6217

.6367

.6426

.6436

.6446

.6452

.6468

.6469

.6469

.6460

.6454

.6447

.6439

.1077

.0904

.0233

.0303

.0150

.0059

.0010

.0010

.0006

.0006

.0001

.0000
- .0 0 9
- .0 0 0 6
- .0 0 0 7
- .0 0 0 8

-1 .5 6 5
-  .255 

1 .395
-  .079 

.338 

.569
-1 .9 6 4

.092
-  .023
- .382
-  .740
-  .073
-  .002 
-  .099

.013

.001

.001

The f o l l o w i n g  s t a t i s t i c s  were computed f o r  t h e  l a s t  e q u a t io n  c a l c u 
l a t e d  by th e  s te p w is e  p ro c e d u re :

SSE = 89 .873  Fv a lu e  = 4 8 · 07

n = 471 Fprob = -0001
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EXHIBIT 4 -6

AVERAGE PRICE EXPONENTIAL STEPWISE REGRESSION RESULTS
FOR

REGION 5

The f o l l owing e x h i b i t  i s  a summary o f  th e  e q u a t i o n s  gen e ra te d  by the  
s te p w is e  r e g r e s s i o n  u s in g  t h e  maximum R-squared improvement t e c h n iq u e .
The v a r i a b l e  AVP was t h e  o n l y  v a r i a b l e  f rom th e  P r i c e  F a c t o r  Group i n 
c lu d e d  in  t h e  da ta  s e t .  The v a r i a b l e  v a lu e s  were t ra n s fo r m e d  i n t o  t h e i r  
n a t u r a l  l o g r i t h m i c  fo rm .

V a r i a b l e
E n t r y
Number

V a r i a b l e  
Fva lue

V a r i a b l e
Fprob R2 Ra

ΔR2a
Coe f 

f i c i e n t

AVP 1 255.7 .0001 .7122 .7122 -1 .2 8 5
SWI 2 14.4 .0002 .7566 .7546 .0424 -  .036
FAU 3 5 .8 .0168 .7590 .7569 .0023 .692
AWA 4 2 .0 .1569 .7741 .7702 .0133 -  .051
TEM 5 2 .4 .1213 .7781 .7733 .0031 1.311
PUR 6 1.8 .1817 .7842 .7776 .0043 -  .017
CHI 7 1.7 .1925 .7864 .7779 .0003 .007
GAR 8 1.1 .2986 .7871 .7787 .0008 .003
LAW 9 1 .0 .3314 .7879 .7786 -.0001 .039
APP 10 .9 .3470 .7883 .7780 - .0 0 0 6 .037
AGE 11 .8 .3757 .7885 .7782 .0002 .103
PPH 12 .8 .3697 .7891 .7778 - .0 0 0 4 .081
FIN 13 .2 .6996 .7896 .7774 - .0 0 0 4 -  .399
HOV 14 .1 .7420 .7897 .7775 .0001 -  .249
FIX 15 .3 .5898 .7900 .7768 - .0 0 0 7 -  .122
TOW 16 .1 .7047 .7901 .7760 - .0 0 0 8 .019
HOV 17 .0 .8380 .7902 .7750 - .0 0 1 0 .062
PRE 18 .0 .8995 .7902 .7790 - .0 0 1 0 .013

The f o l l o w i n g  s t a t i s t i c s  were computed f o r  th e  l a s t  e q u a t i o n  c a l c u 
l a t e d  by th e  s te p w is e  p roc e d u re :

SSE = 35.009 Fv a lu e  = 4 6 · 05 

n = 239 Fprob  = .0001



EXHIBIT 4-7

RELATIONSHIP BETWEEN THE ADJUSTED COEFFICIENT OF MULTIPLE 
DETERMINATION AND THE NUMBER OF INDEPENDENT VARIABLES 

ENTERED BY A STEPWISE REGRESSION PROGRAM

Array o f
Independent
Variab les

The apex o f  t h is  curve loca tes  the optimal mix o f  
independent va r ia b le s  (measured on the absc issa) when 
the va r ia b le s  are entered by a maximum R2 improvement 
stepwise regress ion technique.

ΔRa

83
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EXHIBIT 4 -8

AVERAGE PRICE GENERALIZED EXPONENTIAL 
REGRESSION MODELS

T h is  t a b l e  p r e s e n ts  t h e  r e s u l t s  o f  l e a s t - s q u a r e d  m u l t i p l e  r e g r e s s o in  
methods w i t h  t h e  n in e  in d epe nden t  v a r i a b l e s  w h ich  have been de te rm ined  t o  
most l i k e l y  produce a g e n e r a l i z e d  s o l u t i o n  f o r  t h e  s e p a ra te  r e g io n s .  Only 
t h e  v a r i a b l e  AVP was i n c lu d e d  f rom th e  P r i c e  F a c t o r  Group,  w h i l e  a l l  v a r i 
a b le  va lu e s  a re  i n  t h e i r  n a t u r a l  l o g r i t h m i c  fo rm .

Model
Number 55 56 57 58 59 60

Area S ta te Region 1 Region 2 Region 3 Region 4 Region 5

R2 .5192 .4809 .6883 .5737 .6499 .7667

Regress ion
Fv a lu e 210.85 42.63 66.01 51.45 95 .10 83.67

n 1767 424 279 354 471 239

SSE 514.523 130.126 62.036 68.991 91.679 38.922

V a r i a b l e s C o e f f i c i e n t  Values

a * * 3.246 -11 .833 6 .8 8 2 * 10.642 23.449 - .643*
AVP -1.071 -  .893 -1 .5 2 0 -  1.002 -  1.543 -1 .1 6 8
FIN .269 .287 .359 -  .096* .321 .118*
PPH .219 .181 .061* .559 .268 .198
TEM .510* 2.412 -  .202* - .430* -  2 .029 1 .276*
APP -  .012 -  .004* -  .017 - .002 -  .005* -  .010
FAU .354 .230 .358 .538 .411 .511
LAW .001* .002 .002* .066 - .079 -  .062*
PUR -  .028 -  .489 .196 - .023 -  .096* -  .013*
TOW -  .045 .447 .477 - .113* -  .249 .028*

*  V a r i a b l e  i s  n o t  s i g n i f i c a n t  a t  an a lpha l e v e l  o f  .12 .  

* *  a = I n t e r c e p t  te rm
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EXHIBIT 4 -9

MARGINAL PRICE GENERALIZED EXPONENTIAL 
REGRESSION MODELS

T h is  t a b l e  p r e s e n ts  t h e  r e s u l t s  o f  l e a s t - s q u a r e d  m u l t i p l e  r e g r e s s i o n  
methods w i t h  t h e  n in e  in depe nden t  v a r i a b l e s  wh ich  have been d e te rm in e d  t o  
most l i k e l y  produce a g e n e r a l i z e d  s o l u t i o n  f o r  t h e  s e p a ra te  r e g i o n s .  Only  
the  v a r i a b l e  MRP was i n c lu d e d  f rom  th e  P r i c e  F a c t o r  Group,  w h i l e  a l l  v a r i 
a b le  v a lu e s  a re  i n  t h e i r  n a t u r a l  l o g r i g h m i c  fo rm .

Model
Number 61 62 63 64 65 66

Area S ta te Region 1 Region 2 Region 3 Region 4 Region 5

R2 .5046 .4628 .7212 .6088 .5160 .7026

Regress ion  
Fv a lu e 199.20 39 .83 77.35 59 .50 54.73 60.14

n 1770 426 279 354 472 239

SSE 530.324 134.714 55.479 63.311 126.827 49.621

V a r i a b l e s C o e f f i c i e n t  Va lues

a * * 5.357 2 .668 4.051 8 .060 9.206 5.041
MRP -  .990 -  .902 -1 .3 4 2 -1 .131 -1 .5 1 3 -  .865
FIN .271 .236 .029 .054* .357 .193
PPH .263 .228 .014 * .584 * .396 .249
PRE .096 .202 .287 .021 .071 -  .030*
APP -  .010 -  .005* -  .012 -  .022 .002* -  .017
FAU .400 .436 .404 .474 .359 .589
LAW -  .007* .012 * -  .010 * .048 -  .093 -  .045 *
PUR - .026 -  .391 -  .253 -  .016 -  .137 * -  .0 1 2 *
TOW - .049 .415 .320 -  .151 -  .299 .148

*  V a r i a b l e  i s  n o t  s i g n i f i c a n t  a t  an a lpha  l e v e l  o f  .12 .  

* *  a = I n t e r c e p t  te rm
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EXHIBIT 4 -10

INCREMENTAL PRICE GENERALIZED EXPONENTIAL 
REGRESSION MODELS

T h i s  t a b l e  p r e s e n ts  t h e  r e s u l t s  o f  l e a s t - s q u a r e d  m u l t i p l e  r e g r e s s i o n  
methods w i t h  t h e  n i n e  in d epe nden t  v a r i a b l e s  wh ich  have been d e te rm in e d  t o  
most  l i k e l y  p roduce a g e n e r a l i z e d  s o l u t i o n  f o r  t h e  s e p a ra te  r e g io n s .  Only  
t h e  v a r i a b l e  INP was i n c l u d e d  f rom  th e  P r i c e  F a c t o r  Group,  w h i l e  a l l  v a r i 
a b le  v a lu e s  a re  i n  t h e i r  n a t u r a l  l o g r i t h m i c  fo rm .

Area S t a t e Region 1 Region 2 Region 3 Region 4 Region 5

R2 .4017 .3612 .5734 .5512 .4621 .6214

Regress ion
Fv a lu e 125.49 25 .20 26 .60 45 .05 43 .35 38.67

n 1692 411 255 340 464 222

SSE 501.668 134.089 53.221 58.090 124.423 46.418

a * * 4 .7 2 7 2 .0 6 9 3 .6 7 8 7 .2 6 7 9 .3 3 9 4 .7 7 3
INP -  .8 7 5 -  .8 28 - 1 . 3 4 7 - 1 . 0 9 5 - 1 . 5 8 4 -  .779
INC . 0 5 9 * . 0 0 3 * -  .1 44 .321 -  . 0 3 3 * .0 8 9 *
FIN .253 .2 19 .397 -  .298 .403 .1 7 8 *
PPH .239 .1 94 -  .007 .513 .4 00 .217
PRE .0 8 9 .2 1 0 . 3 1 4 * .0 1 8 * .071 -  . 0 9 2 *
FAU .410 .464 .3 9 9 .532 .324 .527
LAW -  . 0 0 9 * .0 1 5 * -  . 0 0 9 * .065 -  .094 -  . 0 4 4 *
TOW .0 5 0 .3 48 .312 -  . 0 4 0 * -  .315 .168
AWA -  .011 -  . 0 0 3 * -  .011 -  .014 .0 0 1 * -  .019
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EXHIBIT 4 - 11

EXPLANATORY EXPONENTIAL MODELS 

Using Average V a r i a b l e  P r i c e

S ta te

Na tu ra l  l o g r i t h m i c  model f o r  th e  S ta te  us ing  AVP as th e  p r i c e  v a r i a b l e .

Q = 6.659 In  -  1.074 In  AVP + .269 In  FIN + .219 In  PPH -  .012 I n  APP
( . 0001) ( . 0001) ( . 0001) ( . 0001) ( . 0001)

+ .353 In  FAU -  .028 In  PUR -  .043 In  TOW 
( .0001 )  ( .0 0 1 5 )  ( .0041 )

R2 = .5185 Fva lue = 270.70

n = 1767 Fprob = . 0001

Region 1

N a tu ra l  l o g r i t h m i c  model f o r  Region 1 us ing  AVP as the  p r i c e  v a r i a b l e .

Q -  -18 .069  In  -  .929 In  AVP -  1 .640 In  HOV + 2 .644 In  FIN + .277 In  AGE 
( .0001 )  ( .0 0 0 1 )  ( .0 0 1 8 )  ( .0 0 0 3 )  ( .0 0 1 2 )

+ .019 In  CHI + 2 .68  In  TEM = .291 In  PRE - .558 In  PUR + .575 In  TOW
( . 0001) ( . 0001) ( . 0001) ( . 0001) ( . 0001)

R2 = .5203 Fva lue  = 44.81

n = 424 Fprob = .0001

Region 2

N a tu ra l  l o g r i t h m i c  model f o r  Region 2 u s ing  AVP as th e  p r i c e  v a r i a b l e .

Q = 5 .749 In  -  1.562 In  AVP + .443 In  FIN + .472 I n  TOW
( . 0001) ( . 0001) ( . 0001) ( . 0001)

R2 = .6691 Fv a lu e  = 185.38

n = 279 Fprob = . 0001

Region 3

N a tu ra l  l o g r i t h m i c  model f o r  Region 3 us ing  AVP as t h e  p r i c e  v a r i a b l e .

Q = 6 .410 In  -  972 In  AVP + .218 I n  INC + .496 In  PPH -  .092 In  APP 
( .00 01 )  ( .0 0 0 1 )  ( .0 0 1 3 )  ( .0 0 0 1 )  ( .00 83 )
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EXHIBIT 4 - 1 1  C o n t inue d

+ .335 In FAU + .021 In SWI + .051 In LAW + .005 In GAR + .066 In AWA 
( .0 0 1 6 )  ( . 0 0 0 1 )  ( . 0 0 0 1 )  ( . 0 2 6 3 )  ( . 0 4 4 9 )

R2 = .5986 Fv a lu e  = 57 .02

n = 354 Fprob = .0001

Region 4

N a tu r a l  l o g r i t h m i c  model f o r  Region 4 u s in g  AVP as t h e  p r i c e  v a r i a b l e .

Q = 29.421 I n  -  1 .354  I n  AVP + .160 In  INC + .323 I n  PPH -  3.161 I n  TEM 
( .0001 ) ( .0001 ) ( . 0 1 6 8 )  ( .0001 ) ( .0001 )

+ .513 In  FAU -  .060 I n  LAW
( . 0001) ( . 0001)

R2 = .5519 Fv a lu e  = 95 .28

n = 471 Fprob  = . 0001

Region 5

N a tu r a l  l o g r i t h m i c  model f o r  Region 5 u s in g  AVP as t h e  p r i c e  v a r i a b l e .

Q = 8 .207  I n  -  1 .2 5  I n  AVP + .541 I n  FAU -  .040 I n  SWI
(0001) ( . 0001) ( . 0001) ( . 0001)

R2 = .7590 Fv a lu e  = 246 .77

n = 239 Fprob = .0001

Us ing  M a rg in a l  P r i c e

S t a t e

N a tu r a l  l o g r i t h m i c  model f o r  t h e  S t a t e  u s in g  MRP as t h e  p r i c e  v a r i a b l e .

Q = 5 .187  In  -  .977 In  MRP + .235 I n  FIN + .293 I n  PPH + .089 I n  PRE
( . 0001) ( . 0001) ( . 0001) ( . 0001) ( . 0001)

-  .064 In APP + .411 I n  FAU -  .028 I n  PUR + .051 I n  AWA 
( .0 0 0 3 )  ( . 0 0 0 1 )  ( .0 0 0 1 9 )  ( .0 0 2 2 )

R2 = .5042 Fv a lu e  = 223 .89

n = 1770 Fprob  = .0001
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EXHIBIT 4 -11  C on t inued

Region 1

N a tu r a l  l o g r i t h m i c  model f o r  Region 1 u s in g  MRP as t h e  p r i c e  v a r i a b l e .  
Q = 15 .937 In  -  .871 In  MRP -  1 .696  In  HOV + 2 .743  I n  FIN + .188 I n  PPH 

( .0 0 0 1 )  ( . 0 0 0 1 )  ( . 0 0 2 2 )  ( . 0 0 0 4 )  ( . 0 7 3 2 )

+ .303 In  AGE + 2 .182  I n  TEM + .236 I n  PRE -  .068 I n  APP 
( .0 0 1 6 )  ( . 0 0 0 1 )  ( . 0 0 0 7 )  ( . 0 9 8 5 )

-  .478 I n  PUR + .591 I n  TOW + .061 I n  AWA
(.0001 ) (.0001 ) ( . 1212)

R2 = .5026 FValue = 3 2 · 03

n = 426 Fprob = . 0001

Region 2

N a tu r a l  l o g r i t h m i c  model f o r  Region 2 u s in g  MRP as t h e  p r i c e  v a r i a b l e .

Q = 6 .307 In  -  1 .346  In  MRP + .246 I n  FIN + .337 I n  FAU -  .269 I n  PUR 
( .0 0 0 1 )  ( . 0 0 0 1 )  ( . 0 0 2 6 )  ( . 0 0 1 2 )  ( . 0 1 0 0 )

+ .309 I n  TOW
( . 0001)

R2 = .7017 F v a lu e  = 128 .46

n = 279 Fprob  = .0001

Region 3

N a tu r a l  l o g r i t h m i c  model f o r  Region 3 u s in g  MRP as t h e  p r i c e  v a r i a b l e .

Q = 6 .630  In  -  1 .105  I n  MRP + .250 I n  INC + .515 I n  PPH -  .088 I n  APP 
( . 0 0 0 1 )  ( . 0 0 0 1 )  ( . 0 0 0 1 )  ( . 0 0 0 1 )  ( . 0 0 8 5 )

+ .303 I n  FAU + .015 I n  SWI + .033 I n  LAW + .005 I n  GAR + .062 I n  AWA
( .0 0 0 4 )  ( . 0 1 8 4 )  ( . 0 0 6 0 )  ( . 0 2 1 8 )  ( . 0 4 9 7 )

R2 = .6321 Fv a lu e  = 65 .69

n = 354 Fprob = . 0001

Region 4

N a tu r a l  l o g r i t h m i c  model f o r  Region 4 u s in g  MRP as t h e  p r i c e  v a r i a b l e .
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EXHIBIT 4 -  11 Cont inued

Q = 10.615 In -  1.523 In  MRP + .418 In  PPH + .084 In  PRE + .615 In  FAU 
( .0001)  ( .0001)  ( .0001) ( .0035)  ( .0001)

-  .098 In  LAW - .303 In  TOW
( . 0001) ( . 0001)

R2 = .4951 Fva lue = 76.03

n = 472 Fprob = .0001

Region 5

Natu ra l  l o g r i t h m i c  model f o r  Region 5 us ing MRP as the p r i c e  v a r i a b le .

Q = 5.244 In  - .957 In  MRP + .654 In  FAU - .050 In  GAR + .183 In  TOW
( . 0001) ( . 0001) ( . 0001) ( . 0001) ( . 0002)

R2 = .6935 Fva lue = 132.37

n = 239 Fprob = .0001

Using Incremental  P r ice

S ta te

Natura l  l o g r i t h m i c  model f o r  the S ta te  using INP as the p r i c e  v a r i a b le .

Q = 6.059 In  -  .908 In  INP + .278 In  PPH + .095 In  PRE + .634 In  FAU
( . 0001) ( . 0001) ( . 0001) ( . 0001) ( . 0001)

-  .039 In  TOW - .011 In  AWA
(.0128)  ( .0001)

R2 = .3850  Fvalue = 175.83

n = 1 6 9 2  Fprob = .0001

Region 1

Natura l  l o g r i t h m i c  model f o r  Region 1 us ing INP as the p r i c e  v a r i a b le .

Q = -16.539 In -  .739 In  INP -  1.661 In  HOV + 2.453 In  FIN + .265 In AGE 
( .0001)  ( .0001)  ( .0022)  ( .0013)  ( .0052)

+ .022 In  CHI + 2.289 In  TEM + .237 In PRE -  .107 In  APP + .490 In  FAU
(.0001)  ( .0001)  ( .0006)  ( .0108)  ( .0001)

- .376 In  TEM + .544 In  TOW + .091 In  AWA
(.0027)  ( .0001)  ( .0217)
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EXHIBIT 4-11 C on t inued

R2 = .4486 Fva lue  = 24 .85

n = 4 1 1  Fprob = .0001

Region 2

N a tu r a l  l o g r i t h m i c  model f o r  Region 2 u s in g  INP as t h e  p r i c e  v a r i a b l e .

Q = 6 .3 5 0  I n  -  1 .363  I n  INP + .259 I n  FIN + .349 I n  FAU -  .274 I n  PUR 
( .0 0 0 1 )  ( . 0 0 0 1 )  ( . 0 0 5 0 )  ( . 0 0 1 6 )  ( . 0 1 2 3 )

+ .300 I n  TOW
( . 0001)

R2 = .5467 Fva lue  = 60 .07

n = 255 Fprob  = . 0001

Region 3

N a tu r a l  l o g r i t h m i c  model f o r  Region 3 u s in g  INP as t h e  p r i c e  v a r i a b l e .

Q = 5 .970  I n  -  .993 In  INP + .303 I n  INC + .517 I n  PPH -  .094 I n  APP 
(.0001 ) ( .0001 ) ( .0001 ) ( .0001 ) ( .0051 )

+ .304 I n  FAU + .010 I n  SWI + .007 I n  GAR + .066 I n  AWA 
( .0 0 5 1 )  ( . 0 8 4 5 )  ( . 0 0 2 1 )  ( . 0 3 5 9 )

R2 = .5606 Fv a l u e  =  52.01

n = 340 Fprob = .0001

Region 4

N a tu r a l  l o g r i t h m i c  model f o r  Region 4 u s in g  INP as t h e  p r i c e  v a r i a b l e .

Q = 10 .966  In  -  1 .578  In  INP + .407 I n  PPH + .080 I n  PRE + .606 I n  FAU 
( .0 0 0 1 )  ( . 0 0 0 1 )  ( . 0 0 0 1 )  ( . 0 0 6 2 )  ( . 0 0 0 1 )

-  .098 I n  LAW -  .313 I n  TOW
( . 0001) ( . 0001)

R2 = .4375 F v a lu e  = 59 .26

n = 464 Fprob = .0001
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EXHIBIT 4 -1 1  C o n t in u e d

Region 5

N a t u r a l  l o g r i t h m i c  model f o r  Region 5 u s in g  INP as t h e  p r i c e  v a r i a b l e .

Q = - 1 0 . 6 3 0  I n  -  .798 I n  INP + .293 I n  HOV + .010  I n  CHI + 2 .1 3  I n  TEM 
( . 1 0 7 4 )  ( . 0 0 0 1 )  ( . 0 0 1 1 )  ( . 0 0 6 5 )  ( . 0 3 1 3 )

+ .427 I n  FAU -  .051 I n  SWI + .130  I n  TOW 
( . 0 3 1 3 )  ( . 0 0 0 1 )  ( . 0 1 8 7 )

R2 = .6446 F v a lu e  = 55 .47

n = 222 Fp rob  = . 0001
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CHAPTER 5

SUMMARY AND CONCLUSIONS

I n t r o d u c t i o n

Water  i s  r e q u i r e d  n o t  o n l y  t o  s u s t a i n  l i f e ,  b u t  a l s o  s a t i s f y  wants  

wh ich  g e n e r a l l y  enhance th e  q u a l i t y  o f  l i f e .  Because i t  i s  used by house

h o l d s ,  i n d u s t r i e s ,  and commerc ia l  a c t i v i t i e s  t o  s a t i s f y  a v a r i e t y  o f  demands 

i t s  q u a l i t y ,  a v a i l a b i l i t y ,  and d i s t r i b u t i o n  a r e  i m p o r t a n t  c o n s i d e r a t i o n s  i n  

w a te r  r e s o u r c e  management. T h i s  s t u d y  i s  conce rned  w i t h  one a s p e c t  o f  t h i s  

management, i . e . ,  demand, f o r  one t y p e  o f  u s e r ,  i . e . , h o u s e h o ld s .  P r e v i 

o u s l y ,  i t  was assumed t h a t  t h e  demand f o r  w a t e r  was v e r y  i n e l a s t i c  f o r  

i n d i v i d u a l  househo lds  and ,  c o n s e q u e n t l y ,  t h a t  v a r y i n g  t h e  p r i c e  o f  w a t e r  was 

n o t  a v e r y  e f f e c t i v e  way t o  r a t i o n  i t .  Over  t h e  p a s t  t w e n t y  y e a r s ,  however ,  

s t u d i e s  wh ich  have i n v e s t i g a t e d  t h e  a s s um p t io n  o f  i n e l a s t i c  w a t e r  demand 

have found  r e p e a t e d l y  found  t h a t  t h e  e v id e n c e  s im p l y  does n o t  s u p p o r t  such 

a p o s i t i o n .

T h i s  s t u d y  c o n t r i b u t e s  t o  p r e v i o u s  e f f o r t s  and adds s e v e r a l  new i n s i g h t s  

t o  t h e  e x i s t i n g  body o f  know ledge .  I t  r e p o r t s  t h e  e s t im a t e s  o f  r e g i o n a l  

r e s i d e n t i a l  w a t e r  demand mode ls  f o r  each o f  t h e  f i v e  A rkansas  W ate r  Resource  

P la n n in g  Areas w i t h i n  t h e  s t a t e .  These models  can be used t o  f o r e c a s t  

f u t u r e  r e s i d e n t i a l  w a t e r  demand f o r  t h e  s t a t e  as w e l l  as t o  e s t i m a t e  t h e  

e f f e c t s  o f  d i f f e r e n t  r a t e  p o l i c i e s  on w a t e r  demand and w a t e r  sys tem re v e n u e s .  

A d d i t i o n a l l y ,  t h e  t e c h n iq u e s  employed i n  t h i s  s t u d y  o f  com pa r in g  s i m i l a r l y  

deve loped  r e g i o n a l  r e s i d e n t i a l  w a t e r  demand mode ls  p r o v i d e  a means o f
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r e c o n c i l i n g  o t h e r  r e s e a r c h  e f f o r t s .  Each o f  th e s e  c o n t r i b u t i o n s  w i l l  be 

d i s c u s s e d  i n  t h e  f o l l o w i n g  two s e c t i o n s  o f  t h i s  c h a p t e r .  The r e s u l t s  o f  

t h i s  s t u d y  c a n n o t  be s t a t e d  i n  d e t e r m i n i s t i c  te rms s in c e  t h e  methods employed 

t o  d e r i v e  them r e l i e d  h e a v i l y  upon s t a t i s t i c a l  t e c h n iq u e s  w h ic h ,  a t  b e s t ,  

can p r o v i d e  o n l y  s t o c h a s t i c  r e l a t i o n s h i p s .  However,  t h e  t y p e  o f  prob lem 

and t h e  n a t u r e  o f  t h e  d a ta  w i t h i n  t h i s  s tu d y  a re  b e s t  approached t h ro u g h  t h e  

use o f  s t a t i s t i c a l  m ethods .  In  a d d i t i o n  t o  t h e  q u a l i f i c a t i o n s  t h a t  must 

n e c e s s a r i l y  accompany t h e  r e s u l t s  o f  s t a t i s t i c a l  s t u d i e s ,  some o t h e r  l i m i t i n g  

c o n s i d e r a t i o n s  o f  t h i s  s t u d y  must  be m e n t io n e d .  Both o f  th e s e  t o p i c s  a re  

add ressed  i n  t h e  f i n a l  s e c t i o n  o f  t h i s  c h a p t e r .

R e s u l t s  o f  t h e  S tudy

One r e s u l t  o f  t h i s  s t u d y  i s  based on t h e  i n c o n s i s t e n c y  o f  t h e  r e s u l t s  

o f  t h e  e s t im a t e d  w a te r  demand models  f rom  r e g io n  t o  r e g i o n .  T h i s  o b s e r v a t i o n  

i s  p a r t i c u l a r l y  i n t e r e s t i n g  f rom  a m e t h o d o l o g i c a l  p o i n t  o f  v ie w .  I n i t i a l l y ,  

t h e  a u t h o r s  a n t i c i p a t e d  t h a t  e s t im a t e d  w a t e r  demand models  f o r  each o f  

the  v a r i o u s  w a te rs h e d  r e g io n s  wou ld  be n e a r l y  a l i k e .  However,  when the  

r e g i o n a l  models  f a i l e d  t o  i n c l u d e  a s i m i l a r  s e t  o f  s i g n i f i c a n t  v a r i a b l e s ,  

much l e s s  s i m i l a r  c o e f f i c i e n t s  o f  t h e  c o r r e s p o n d in g  v a r i a b l e s ,  f u r t h e r  s tu d y  

was conduc ted  i n t o  th e  m e th o d o lo g y  o f  t h e  e a r l i e r  w a te r  demand r e s e a rc h  

s t u d i e s .  The i n c o n s i s t e n c y  o f  t h e  r e s u l t s  o f  t h e  e a r l i e r  s t u d i e s  was a t  

f i r s t  a t t r i b u t e d  t o  t h e  s l i g h t l y  d i f f e r e n t  r e s e a r c h  methods employed by th e  

i n v e s t i g a t o r s .  The f o r m a l a t i o n  o f  t h e  p r e s e n t  s t u d y  ena b le d  a un iq u e  o p p o r 

t u n i t y  t o  t e s t  t h i s  h y p o th e s i s  by com par ing  t h e  r e s u l t s  o f  e s t im a t e d  w a te r  

demand models  f rom  d i f f e r e n t  g e o g r a p h i c a l  a reas  u s in g  s i m i l a r  r e s e a rc h  

t e c h n iq u e s .

E x h i b i t  5-1 i s  a summary o f  t h e  r e s u l t s  o f  t h e  i n d i v i d u a l  r e g r e s s i o n  

e q u a t i o n s  f o r  each Water  Resource  P la n n in g  Area s i m i l a r l y  d e r i v e d  as
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EXHIBIT 5-1

COEFFICIENTS OF EXPLANATORY REGRESSION MODELS 
(AVERAGE PRICE)

V a r i a b l e M o d e l  Area
S t a t e R-1 R-2 R-3 R-4 R-5

AVP - 1 . 0 7 - . 9 2 9 - 1 . 5 6 - . 9 7 6 - 1 . 3 5 - 1 . 2 5

INC + .218 + .160

HOV - 1 . 6 4

FIN + .269 + 2 .64 + .443

PPH + .219 + .496 + .323

AGE + .277

CHI + .019

TEM + 2 .6 8 -3 .161

PRE + .291

APP - . 0 1 2 - . 0 9 2

FIX

FAU + .353 + .335 + .513 + .541

SWI + .021 - . 0 4 0

LAW + .051 - . 0 6 0

GAR + .005

PUR - . 0 2 8 - . 5 5 8

TOW - . 0 4 3 + .575 + .472

AWA + .066
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EXHIBIT 5-1

COEFFICIENTS OF EXPLANATORY REGRESSION MODELS 
(MARGINAL PRICE)

V a r i a b l e Model Area
S ta te R-1 R-2 R-3 R-4 R-5

MRP - .9 7 7 - .87 1 - 1 .3 4 - 1 .1 0 -1 .5 2 - .9 5 7

INC + .250

HOV -1 .6 9 6

FIN + .235 +2.74 + .246

PPH + .293 + .188 + .515 + .418

AGE + .303

CHI

TEM +2.18

PRE + .089 + .236 + .084

APP - .0 6 4 - . 0 6 8 - . 0 8 8

FIX

FAU + .411 + .337 + .303 + .615 + .645

SWI + .015

LAW + .033 - .0 9 8

GAR + .005 - .0 5 0

PUR - .0 2 8 - . 4 7 8 - . 2 6 9

TOW + .541 + .309 - .3 0 3 + .183

AWA + .051 + .061 + .062
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EXHIBIT 5-1

COEFFICIENTS OF EXPLANATORY REGRESSION MODELS 
(INCREMENTAL PRICE)

V a r i a b l e Model Area
S t a t e R-1 R-2 R-3 R-4 R-5

INP - . 9 0 8 - . 7 3 9 - 1 . 3 6 - . 9 9 3 - 1 . 5 7 - . 7 9 8

INC + .303

HOV - 1 . 6 6 + .293

FIN +2 .45 + .259

PPH + .278 + .517 + .407

AGE + .265

CHI + .022 + .010

TEM + 2 .2 8 + 2 .13

PRE + .095 + .237 + .080

APP - . 1 0 7 - . 0 9 4

FIX

FAU + .634 + .490 + .349 + .304 + .606 + .427

SWI + .010

LAW - . 0 9 8

GAR + .007

PUR - . 3 7 6 - . 2 7 4

TOW - . 0 3 9 + .544 + .300 - . 3 1 3 + .130

AWA - .01 1 + .091 + .066
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explained in Chapter Four. Although Chapter Four dealt in depth w ith the 

s ta t is t ic a l tes ting  of these models, E xh ib it 5-1 shows c le a rly  tha t the 

water demand model o f each region is  d iffe re n t and not comparable. The 

re jec tion  o f the hypothesis tha t the res iden tia l demand fo r water is  

inva rian t amoung the sub-regions o f the state is  s ig n ific a n t in water 

resource planning. A p a rtic u la r po licy  may have d iffe re n t resu lts  in 

d iffe re n t regions and any inferences applicable to  one region should not 

be used ind iscrim ina te ly  in another. Moreover, the resu lts  ind icate factors 

other than those considered in th is  study influence the demand fo r  water 

and tha t the use o f a single model to explain the water demand in d iffe re n t 

regions could re su lt in biased estimates. Perhaps the most useful re su lt 

o f th is  study is  the development o f economic models which id e n tify  the 

major factors which a ffe c t the res iden tia l demand fo r water. The s ig n i f i 

cance o f these models lie s  in th e ir  a b i l i t y  to explain how various factors 

a ffe c t the quantity  o f water tha t ind iv idua l households would be w illin g  

to purchase. This information can be used to pred ict fu ture  water demand 

i f  i t  is  assumed tha t the h is to r ic a l circumstances a ffec ting  the variables 

when the models were constructed w i l l  remain unchanged during the pro jection 

period. As explained in Chapter 1, un like water requirement models these 

models are capable o f generating estimates o f fu ture  water demand under 

changing conditions. This feature allows fo r g rea tly  improved pred ic tive  

ca p a b ilitie s  since the assumption of "a ll things w i l l  remain constant in to  

the fu tu re ", which is  im p lic it  in many pred ic tive  models, is  often u n re a lis tic  

In order to use the explanatory models fo r  p red ic tive  purposes i t  is 

necessary to estimate fu ture  expected values o f a ll the independent variables 

in the relevant model. For example, i f  an estimate of fu ture  res identia l 

water demand is  desired fo r the state ten years from now i t  would be
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necessary to estimate the values o f the independent variab les l is te d  in  the 

f i r s t  equation in E xh ib it 4-11, i . e . ,  average price (AVP), income and house 

value (FIN), persons per household (PPH), e tc. Since the model is  specified  

in exponential form i t  would be necessary also to convert the expected values 

o f these independent variables in to  natural log rith im s using a log conversion 

tab le. The f in a l step in estim ation is  to m u ltip ly  the expected values o f 

the independent variables converted to logs by the appropriate c o e ffic ie n t 

and then add together. The re s u lt w i l l  be an estimate o f fu tu re  res ide n tia l 

water demand stated in logs; th is  fig u re  must then be reconverted using the 

log tab le  once again.

The procedure ou tlined  above can be used fo r  each o f the Arkansas 

Water Resource Planning Areas by using the re levant regional model specified 

in E xh ib it 4-11. Obviously, the choice o f expected values fo r  the independent 

variables w i l l  a ffe c t the re su lts . Consequently, leas t l ik e ly  and most l ik e ly  

outcomes can be projected based on the se lection  o f leas t l ik e ly  and most 

l ik e ly  values fo r  the independent variab les. Moreover, the use o f the 

explanatory models enables po licy  makers to estimate and compare expected 

changes on water demand o f various changes in water p ric in g  p o licy . Used 

in th is  way i t  permits po licy  makers to  exercise some degree o f contro l over 

fu tu re  water demand and introduces another element in the development o f 

water resource management plans which are based very often on accommodating 

water "requirements". The e f f ic ie n t  a llo ca tio n  o f water resources requires 

not only considerations o f supply but also o f demand.

Reliable estimates o f water demand are important fo r  good resource 

management and development pro jects which involve large cap ita l expenditures. 

The use o f the requirements approach to estimate fu tu re  water needs is  

inadequate during periods o f ra p id ly  r is in g  p rices , i . e . ,  i t  is  l ik e ly  to
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re su lt in excess capacity. The e ffe c t o f a price change upon demand and 

revenue should be considered as part o f an evaluation o f fu ture  cap ita l 

development p ro jects . In the past u t i l i t ie s  have often followed po lic ies  

aimed a t accommodating fu tu re  "needs" through the augmentation o f water 

supply. These types o f p o lic ie s  are l ik e ly  to become less feasib le  and 

more expensive in the fu tu re . An a lte rn a tive  po licy to ra tion  water through 

price increases may not only have the e ffe c t o f decreasing the quantity  

consumed but also o f increasing revenue i f  the demand fo r  water is  in e la s tic , 

and consequently, m il ita te  against the need fo r  cap ita l expansion.

Uses of Results fo r Rate Setting

Policy makers have two inherent problems to consider when determining 

a price schedule fo r  water. The f i r s t  is  to insure tha t the revenues raised 

from the sale o f water w i l l  cover the costs o f providing tha t water. The 

second consideration is concerned w ith conservation. Because the time 

required to increase the capacity o f p lant and equipment used in the produc

tion  o f water is  usually long, sometimes water must be priced to insure that 

ind iv idua l households w i l l  exert the appropriate degree o f conservation u n til 

additional f a c i l i t ie s  can be constructed.

Although i t  is  d i f f i c u l t  to recommend the appropriate price and pric ing  

schedule given the regulatory constra in ts imposed on most water u t i l i t i e s ,  the 

resu lts  o f th is  study can be used to estimate the e ffec ts  on quantity  o f water 

demanded and revenues co llected from the sale o f water o f d iffe re n t p ric ing  

p o lic ie s . The e ffe c t on quantity  was explained in the preceding section of 

th is  chapter; the e ffe c t on revenues necessitates an understanding o f the 

in te rre la tio n sh ip  between price e la s t ic i ty  o f demand and to ta l revenue.

The price e la s t ic i ty  o f demand is  computed as the percentage change 

in price divided by the percentage change in quantity demanded. Because
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quantity  demanded is  inverse ly  re la ted to p r ice , the price e la s t ic i t y  o f 

demand is  generally negative. I f  i t s  value is  less than - 1.00 demand is  

e la s t ic ,  i . e . ,  the percentage change in price exceeds the percentage 

change in quan tity  demanded. I f  i t s  value is  greater than - 1.00 demand 

is  in e la s t ic .  For example, from E xh ib it  4-11 i t  can be seen tha t 

the estimated average price  e la s t ic i t y  o f demand fo r  the s ta te is  equal to 

-1.074 which means tha t the re s id e n t ia l demand fo r  water is  e la s t ic  and 

tha t i f  the price o f water changes by 1.000 percent quan tity  demanded w i l l  

change in the opposite d ire c t io n  by 1.074 percent. The average price 

e la s t ic i t y  o f demand fo r  AWRPA 1 is  -.929 which means th a t the demand is  

in e la s t ic  and tha t quan tity  demanded w i l l  change by .929 percent fo r  every 

1.000 percent change in p rice .

Since price and quan tity  sold determine to ta l revenue c o l le c t io n s ,  the 

degree o f responsiveness o f  quan tity  demanded to price  changes (price 

e la s t ic i t y  o f demand) w i l l  determine whether to ta l  revenue increases or 

decreases in response to a price change. See E xh ib it  5-2 fo r  a summary of 

the re la t io nsh ip  between price  changes, to ta l revenue, and e la s t ic i t y .

EXHIBIT 5-2

RELATIONSHIP BETWEEN THE PRICE ELASTICITY 
OF DEMAND AND TOTAL REVENUE

I f  ηχ is  E la s t ic : I f  ηχ is  In e la s t ic :

As P TR 
Q  as P  TR

As Ρ TR
Q  as P  TR Q

Where ηχ = Price e la s t ic i t y  
P = Price 
Q = Quantity

TR = Total revenue 
  = Increases 
  = Decreases
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A study o f th is  e x h ib it shows tha t a price increase w i l l  re su lt in a lower 

quantity  demanded and greater to ta l revenues only when demand is  in e la s tic .

A review o f E xh ib it 4-11 shows th is  to be the case fo r the average price 

o f water only in AWRPA 1 and 3, i . e . ,  the M ississippi - St. Francis and White 

regions respective ly. Whether or not u t i l i t ie s  in regions facing e la s tic  

demands should raise the price o f water to e ffe c t conservation w il l  depend, 

in pa rt, on whether or not the reduced revenues from the sale o f water are 

o ffs e t by the reduced costs o f providing less water. Moreover because these 

u t i l i t ie s  face e la s tic  demands a given percentage increase in the average 

price o f water w i l l  reduce the demand fo r  water more than proportionate to 

the reduction in regions where the demand is in e la s tic .

Lim its o f the Study

As w ith most studies o f th is  nature, some remarks are in order con

cerning the lim its  o f the study. The remarks tha t fo llow  are not in tend

ed to q u a lity  the resu lts  to the point o f o b liv io n , but merely to d ire c t 

the reader's a tten tion  to four p a rtic u la r areas tha t should be considered 

when using the resu lts  o f th is  study.

The reader should be aware tha t the water demand models presented in 

Chapter Four have not been time tested. Although these models have been 

derived using generally accepted s ta t is t ic a l techniques, th e ir  v a l id ity  

should s t i l l  be questioned to some degree since the variables have not been 

manipulated in the "real world" to confirm the a b i l i t y  o f the models to 

p red ic t and explain the underlying re la tionsh ips tha t they are purported 

to explain. This would be a cos tly  procedure, and usually not required, 

since the level o f s ta t is t ic a l s ign ificance is  high enough fo r  most p ractica l 

applica tions.
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Although the size o f the data base is  ra the r large fo r  th is  type o f 

study, there is  one area where the sample size could have been increased. 

Namely, during the s t ra t ify in g  o f the population in to  appropriate sample 

u n its , the number o f towns could have been la rge r. The small number o f 

d if fe re n t towns presented some problems in data m anipulation, since the 

number o f d if fe re n t p ric in g  structures in  each regional model is  lim ite d  

to the number o f towns in th a t region. This is  p a r t ic u la r ly  troublesome 

problem where the number o f towns in a region is  only three, as in the 

f i f t h  watershed region. This problem is  addressed p a r t ia l ly  by de fin ing  

average price  in terms o f the in d iv id u a l household's water usage, but is  

s t i l l  evident in the marginal and incremental p rice  va riab les . I f  add itiona l 

work is  considered based on the methodology o f th is  study, the authors 

suggest s trong ly  tha t the number o f towns be enlarged - even i f  i t  is  a t 

the expense o f the number o f d if fe re n t households th a t would be included 

in the to ta l sample.

The issue o f interdependency between p rice  and quan tity  re su ltin g  from 

the declin ing block p ric in g  schedules used by the in d iv id u a l water systems 

was addressed during the course o f the study. The p o s s ib il i ty  o f constructing 

a set o f simultaneous equations tha t could be solved by the use o f two stage 

leas t squared techniques was explored to get around th is  problem. However, 

these e ffo r ts  did not produce s a tis fa c to ry  resu lts  since the models tha t 

were developed proved to be over id e n tif ie d  to an extent tha t the resu lts  

o f the two stage models could not be in te rp re ted . Therefore, ord inary 

leas t squares was used to estimate the models and some interdependency o f 

price and quan tity  is  inherent in the estimates. However, th is  should not 

jeopardize seriously  the resu lts  o f the study, p a r t ic u la r ly  w ith  respect 

to the primary ob jective  which was to determine and compare re s id e n tia l water
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demand models among the AWRPAs. The authors feel tha t fu rth e r research 

in to  the area o f interdependency resu ltin g  from the declin ing block pric ing  

system is  a f r u i t f u l  area fo r  fu rth e r research.

The type o f ana ly tica l procedure used in th is  study requires a few 

words o f warning. Although the nature o f the problem and the type o f data 

contained w ith in  th is  study demand the use o f s ta t is t ic a l techniques, the 

reader should be reminded tha t there is  a d iffe rence between stochastic 

and de te rm in is tic  models. D eterm in istic models, once derived, w i l l  produce 

certa in  so lu tions, whereas stochastic models leave some room fo r  e rro r. 

Regardless of how l i t t l e  s ta t is t ic a l e rro r is  included in to  a s ta t is t ic a l 

analysis, there is  always some la titu d e  fo r  doubt in the re su lts . This is  

p a rt ic u la r ly  true i f  the models derived in th is  study are used s in gu la rly .

That is ,  i f  the quantity  o f water demanded by a p a rtic u la r household is 

determined from the use o f the models set fo rth  in th is  study, the p ro b a b ility  

fo r e rro r is qu ite  large. However, i f  the quantity  o f water is  determined 

fo r  the aggregate, the p ro b a b ility  fo r  e rro r is  smaller. The reader is 

reminded tha t the models w i l l  not generate the precise so lu tion to a 

p a rtic u la r forecasting problem, but merely to provide a reasonable estimate.
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