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ABSTRACT

The objectivesof this study are to construct and analyze the patterns
and trends of water demandin the serVice areas of the Honolulu Board of Wa
ter Supply, and to identify factors affecting water demandwith the intent of
deriving useful policy implications as well as improving on urban water de
mand raearch. To accomplish the objectives, a thorough review of the liter
ature was conductedand come suggestionsfor methodological improvementwere
developed. Classical univariate time series analysic, data dicaggregation
methods,and trend analysis were usedto construct the patterns and trends of
water conswnption. Significant variables, which affect increasing per capita
water conswnption,were identified through a logical sequenceof data process
ing and reasoning. The results were confirmedby the methodsof sample sur
vey and regressionanalysee. Most of the data usedin this study were com
piled from water consumptionrecords obtained from the Board of Water Supply.

During the period of 1960-1971, the averagedaily per capita water con
cunrption increasedby about 27 percent from 139 gal to 177 gal. When per
capita conewnptionwas estimatedby nine serviceareas per capita consumption
figures depictednot only a wide dispersion in absolute value but also re
vealeddifferent rates of growth. The seasonalpatterns of water conswnption
were examinedon a monthly basis. There is a steadily widening seasonal fluc
tuation in water use over time with suiner consumptionincreasing faster than
that for winter use. The trend of sprinkling demandwas estimatedfrom max
imwn and minimum day water conawnption trend equations. There is a differ
ence in per capita consumptionbetweensingle and multiple family dwellings,
which is attributable mainly to outdoor sprinkling by householdsoccupying
single family dwellings.

The water consumptionlevel in establishedresidential areas has re
mained es8entially constantover time. The overall increase in per capita
consumptionresults from water use for other than indoor domesticpurposes.
Water consumptionhas been expandingmost noticeably where there is signifi
cant construction activity. Per capita water consumptiondata were fitted
by linear regressionto value of construction completedand annual changes
in rainfall. The equation explained96 percent of the total variation of
per capita con8wnptionand the two independentvariables were statistically
significant. There is no evidencethat residential water users have been
responsiveto price changesin the past. Large industrial water users appear
to respondto price increasebut conünercial users do not. Existenceof price
responsivenessin industrial demandseemsto have a close relationship with
alternative water supply sourcesand nonexistenceof price responsivenessin
commercial demandmay be associatedwith an incidence structure of water bill
payments,which also has an important meaningin mea8uringthe price elastic
ity of residential demand.

The demandapproachfor projection of water use is advocatedby mostur
ban water studies. Major implications of thia study are that: 1 the re
quirement approach is still a practical meansof forecasting future water
need, 2 there are serious institutional limitations in the use of price as
a means to promote conservationbut peak load pricing may be an effective
way of reducing the inequitable distribution of water supply costs, and 3
the complexeconomicforces that have beenoperating through the existing
institutional frameworkcall for some form of unified managementof ground
water resource for the purposeof conservation.
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INTRODUCTION AND SUMMARY CONCLUSIONS

Introduction

THE PROBLEM. Following Hawaii’s achievementof statehoodin 1959, the

City and County of Honolulu experiencedunprecedentedpopulation and econo

mic growth. The population of Oahu increasedby 26 percent, from 500,000

to 630,000, during 1960 to 1970 as comparedwith the national average of 12

percent. The numberof tourists visiting the Islands jumped from 243,000

to 1,798,600 and personal income more than doubled from 1,253 million dol

lars to 2,947 million dollars during the same period.

Along with these rapid population and economic changes, fresh water

withdrawals from undergroundwater resources, upon which Oahu’s water supply

depends, increasedfrom about 372 million gallons per day mgd in 1960 to

444 mgd in 1971. Although the 444 mgd pumped in 1971 still lies within the

maximum amount of developable water of 525 mgd, the rate of increase in pump

ing is of considerableconcernbecausethe rate of withdrawal which was 71

percent of capacity in 1960 has within 12 years increasedto 85 percent of

capacity.

The Honolulu Board of Water Supply, which plays a role of increasing

importance in the managementof the groundwater resources, experienced a

faster consumption increase than population growth during the post-statehood

period. The per capita water withdrawal by the Board of Water Supply in

creasedfrom 159 gal in 1960 to 206 gal in 1971 for a 30 percent increase.

The increasing rate of per capita water consumptionhas been a subject of

great concern among the water planners in view of the limited natural water

supply and anticipated future population growth.

The problem of water resource allocation among the major users in the

Pearl Harbor area is expected to become increasingly important in the near

future.

In view of these facts, the meaning and the direction of the changesof

water demandneed to be thoroughly reviewed to provide a sound basis for the

planning of future developmentand conservation of Oahu’s water resources.

OBJECTIVES OF STUDY. The ob1ectives of this study are to construct and

analyze the patterns and trends of water consumption in the service areas of

the Honolulu Board of Water Supply and to identify factors that affect in

creasing per capita water consumptionwith the intent of deriving useful
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policy implications. More specifically, the objectives are to find answers

to such questions as: What are the trends and patterns of water usage ‘in

each of the planning districts of the Board? What are the underlying eco

nomic and institutional issues involved? What are the factors affecting

water demandand how much do they affect demand? Who and what users are

mostly contributing to the peak load problem? What are the best alternative

methods to allocate the resourcesand the costs more efficiently?
4

METHODS OF STUDY. To accomplish the objectives, a thorough review of

the literature was conducted to improve methodology. Classical univariate

time series analysis, data disaggregationmethods, and trend analysis were

used to construct the patterns and trends of water consumption. Significant

variables, which influence increasing per capita water consumption,were

identif led through a logical sequenceof data processing and reasoning, fol

lowing which the results were confirmed by regression analyses. A random

sample study of residential water consumptionwas conducted to estimate res

idential per capita consumptionover time and to assessthe impact of price

change on residential water consumption. Industrial and commercial water

consumption studies were done to get some crude indications of the impact of

price increase on water consumptionamong the largest industrial and commer

cial users. This part of the study was based on an arbitrary sampling method.

Due to lack of price variations over time, it was not possible to for

mulate continuous demand functions from which price elasticity figures are

traditionally derived. The coefficients of price elasticity were estimated

from the water consumption levels of sample units "before and after" the

price increase. The water consumptiondata was treated as a composite cate

gory of urban use except for the sample studies. Most of the data used in

this study were compiled from water consumption records of the Honolulu

Board of Water Supply.

Summary Concl us ions

MAJOR FINDINGS. Despite some limitations described above regarding in

dustrial and commercial water use- studies, this study met all the objectives

of study with varying degreesof success. This study producednine major
findings as follows:

First Finding. During the 1960 to 1971 period, the metered average

daily per capita consumption including tourists increasedby about 27 per-
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cent from 139 gal to 177 gal. Exclusion of tourist population in estimating

the trend of per capita consumptionhas not resulted in significant over

estimation problems so far but this practice may result in significant over

estimations in the future.

Second Finding. Total water consumptionin the system increaseswith

steadily enlarging seasonal fluctuations over time. This is mainly due to

enlarging irrigable areas by subdivisions and other landscapingconstruction

developments.

Third Finding. There is a difference in per capita consumptionbetween

single and multiple family dwellings. The averageper capita daily consump

tion in single family dwellings is 116 gpd and 101 gpd for multiple family

dwellings. The difference is mainly attributable to outdoor sprinkling by

householdsoccupying single family dwellings. The occupantsof multiple fam

ily dwellings, however, use more water for indoor domestic purposes.

Fourth Finding. Water consumption increases in the areas where construc

tion activity is strong and the consumption level tapers off after completion

and occupation of the construction project.

Fifth Finding. Water consumption level in developed residential areas

is virtually constant over time, that is, the gallons per capita per day fig

ure in established residential areas does not change.

Sixth Finding. The overall increase in per capita consumption on Oahu

is due mostly to expanding economic activity which is led by the construction

industry such as new hotels, subdivision development, condominiums, shopping

centers, parks, highways, factories, etc.. The major factors affecting

changing per capita consumption are construction activities and rainfall

changes. More water is being used in drier years for sprinkling and the

sprinkling requirement increasesas lawn areas increase by the construction

of new homes and other buildings.

Seventh Finding. There is no evidence that residential consumersres

pond to price increaseswithin a range of 9 to 14 percent above 34 cents per

1000 gal. Multi-unit residential water users have no incentives to reduce

water consumptionbecausethey do not pay the water bills directly them

selves.

Eighth Finding. There are some crude indications that large industrial

water users respondto price increases although such responsesare very in

elastic.
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Ninth Finding. Commercial water users appearnot to respondto price

increasesranging between 30 to 40 percent above 13 or 16 cents per 1000

gal. Like the multiple dwelling unit residential water users, many commer

cial users do not pay the water bills directly themselves. Most of the large

commercial users in commercial establishmentsshare the water supplied to the

‘premises with other concessionnaireswithin the premises and the water bill

is paid by the landlord.

POLICY IMPLICATIONS. Three major policy implications are derived from

the major findings. More detailed studies are required for each of the

three areas to put them into practice. The three major policy implications

based upon the findings of this study are as follows:

First. The requirement approach is still a practical means of forecast

ing future water needs by the service area basis. This method can be im

proved, however, if it is made in conjunction with the land use planning be

causedensity of population and intensity of water use in certain tracts will

largely dependupon the type of land development.

Second. There is evidence that most of the peak load problem is caused

by a particular class of customers. The present price structure offers de

creasing price per unit of water in each of the successiveblocks of water

used and does not adequatelyconsider peak load costs. Peak load pricing may

be a more equitable means of distributing water supply costs. Adding summer

surchargesto the existing block rate structure seemsto be the most simple

method of peak load pricing.

Third. A least squares trend line fitted to total water withdrawals by

major users of groundwaterduring the period of 1960 to 1971 indicates the

water consumptionlevel in Oahu may reach 525 mgd the maximum amount of

developable water within the safe yield in the early 1980’s, if the past

trend of water consumption continues in the future. The fast growing water

demand and limited natural supply of freshwater in the aquifer raise imme

diate concerns about water resourcesconservation. Increase in water price

within the Board of Water Supply system as a conservation measureappears

to be ineffective unless the margin of increase is "significant". An active

conservation campaignmay be more effective than a price hike.

The conservation task is further complicated by the fact that there are

many independentwater pumpers from the common groundwater poo1 but there is

no effective organization which can control these independentusers’ water
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use and development. Conservationpractice by one party will also accrue

to the benefit of other involved parties who do not share in the cost of

conservation. On the other hand, each party considers only the economics

of his pumping and does not consider that his pumping may adversely affect

all those other parties who hold interests in the pool.
&

Present rules and regulations by the State and the Honolulu Board of

Water Supply would not be enough to alleviate an impending water "problem".

These methodscan be put into effect practically only ex post facto, after

the problems have occurred. The complex economic forces that have been

operating through the existing institutional framework call for some form of

unified managementof groundwater resourcesfor the ultimate solution of

problems involving the protection, development, and conservation of water

resources.

PATTERNS AND TRENDS OF WATER CONSUMPTION

Trends of Water Consumption

COMPETING ALLOCATION OF WATER RESOURCES AMONG MAJOR USES. Water with

drawn from subterraneansources in Oahu is used for municipal purposes,

agricultural production, military, and industrial purposes. Oahu is one of

the most densely populated territorial units in the world. A total popula

tion of 637,640 within its 604 squaremiles’ gives it a density of 1056

personsper square mile, according to the 1970 census. In spite of such a

high population, the greatest portion of water has beenwithdrawn for irri

gating sugarcane.

As population increases and the economy develops, however, more and

more water has been pumped for municipal and industrial self-supplied pur

poses. During the 1960-1971 period, the Honolulu. Board of Water Supply in

creasedits water withdrawal 65 mgd to 115 mgd and self-supplied industrial

establishmentsfrom 31 mgd to 41 mgd. The sugar plantations maintained an

almost constant level of withdrawal of 250 mgd during this period Table 1.

The increasing importance of municipal, military, and self-supplied in

dustrial water demandshas causeddelicate problems of resource allocation

especially among the major users of the Pearl Harbor aquifer. The alloca

tional problem of groundwater in this area is complicated by the indefinite

1. Sq. miles x 2.590 = sq km.



TABLE 1. GROUNDWATER WITHDRAWAL ON OAHU BY MAJOR USERS: 1960-1971 

INDUSTRIAL/OTHER SUGAR 
YEAR BWS PRIVATE USERS PLANTA TI Q\lS NAVY ARMY TOTAL 

(mgd) 

1960 64.92 31.26 247.86 21.69 6.97 372.70 
1961 68.51 29.15 245.63 22.77 6.61 372.67 

1962 73.40 29.39 251.25 24.65 5.83 384.52 

1963 ·73.54 47.78 210.69 23.29 5.46 360.76 

1964 79.05 51.87 264.20 23.86 5.89 424.87 

1965 78.75 42.51 226.16 23.44 6.13 376.99 
1966 87.67 42.90 253.70 26.27 5.05 415.59 

1967 86.66 42.21 233.84 23.58 5.09 391.38 
1968 95.09 43.99 246.63 26.52 6.04 418.27 

1969 101.48 39.91 263.42 25.95 6.25 437.01 

1970 111.35 38.48 288.25 28.97 7.05 474.10 

1971 115.09 41.28 254.4(} 26.23 6A5- 443.45 

SOURCE: THE HONOLULU BOARD OF WATER SUPPLY. 
I'()TE: MGD X 3785 = CU M/DAY. 
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status of groundwater rights. The Hawaiian system of water rights is essen

tially a doctrine of correlative rights which was established by the Supreme

Court of Hawaii Hutchins 1946, p. 178. The correlative rights doctrine

gives all overlying landowners correlative and co-equal rights to an arte

sian groundwatersupply.

However, the physical laws of groundwater movement make it impossible

in many instances to exercise artesian groundwater rights. The exercisable

water rights of land or well owners near the shoreline generally are at the

mercy of the water developers or users located farther inland. Most of the

wells located near the shoreline and seaward of other wells have experienced

increases in chlorides over the years and many of them have been abandoned.

More water is drawn from the Pearl Harbor aquifer than the combined

amounts from all other groundwater sources on Oahu. Also, experts agree

that the groundwateraquifers underlying Pearl Harbor and Honolulu have

reached the sustained safe yield level. Safe yield is defined in hydrologic

senseas the long term averageof annual volume of water that can be ex

tracted without producing undesirable results to the groundwaterbasin.

The Honolulu BWS 1971, p. 62 has estimated the maximum sustainedyield

level of developable groundwater for Oahu, using the hydrologic budget method

to be approximately 525 mgd. The groundwaterwithdrawals by the BWS and the

other major users were about 443.5 mgd in 1971. Hence, the withdrawals still

lie within the maximum limit and account for 84.5 percent of the total capac

ity.

The rate of increase in water withdrawal over the 12-year period of this

study is surprising. In 1960, the total withdrawal was 372.7 mgd which was

approximately 71 percent of the developable capacity. In 1971, the with

drawals reached 84.5 percent of the capacity and the water table reachedan

all time low record of 21 feet in 1970. The rapid increase inwater with

drawal is mostly attributable to the increasing demandfor municipal, indus

trial, and Navy uses.

1. An artesian well is defined in the Hawaii ReviaedStatutes, Chap. 174,
Sec. 177-173, to be "an artificial well or shaft which is sunk or driven to
an artesian stratum or basin, and through which water is raised or carried
to or above the surface of ground by natural pressureor gravity or through
which water is or may be raised or carried to or above the surface of the
ground by artificial means".
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A least squarestrend equation fitted to the total water withdrawal data

during the period 1960-1971 indicates water consumptionlevel may reach the

525-mgd target in the early 1980’s, if the past trend of water consumption

continues. The trend equation is:

Q = 354 + 7.99T R2 = .68 S = 20.6t 1.73 y.x

Where = water withdrawal in year t in million
gallons per day

T = year 1960 = 1

PER CAPITA CONSUMPTION TRENDS BY SERVICE AREA. Oahu’s total urban wa

ter consumptionthrough the meters of the Board of Water Supply has increased

from around 57.6 mgd in 1960 to 101.3 mgd in 1971, a 75.7 percent increase

during the 12-year period.

During this period, census figures for Oahu show a population increase of

26 percent, from 500,409 in 1960 to 630,537persons in 1970. Of this popula

tion, the persons served by the BWS composed80.8 percent and 83.1 percent

in the 1960 and 1970 census years, respectively Table 2. The remaining

19.2 percent in 1960 was served by 12 military water systemsand 24 private

water systems. In 1970, the remaining 16.9 percent of the total population

was served by 12 military water systemsand 18 private water systemsmost of
1.

which belonged to the sugarplantations. During the intercensal period, the

population served by private water systemsdecreasedfrom 19,261 to 17,731

persons but population served by military systems increasedfrom 76,505 to

88,976 persons.

The Honolulu BWS has made fairly accurate yearly estimates of the popu

lation servedby its water system. The estimates have been based upon census

tract resident population in 1960 and 1970 and annual changes in number of

services within the system, that is, the adjustment factors arecalculated

from the average number of personsper service multiplied by the incremental

number of services of each to estimate the population served.

Since much of the increase in total water consumptionover time is due

to population growth itself, the total gallons per day consumptionis deflated

1. Calculated from Survey and Marketing Services, A Study of Population and
Water Services, 1960 and 1970, 1961, 1971. The Board of Water Supply, Hono
lulu.



TABLE 2. SLM-1ARY TABULATION OF CENSUS POPULATION, BWS POPULATION, AND NON-BWS POPULATION 
CHANGES BY THE SERVICE AREA OF THE BWS BETWEEN TWO CENSUS YEARS, 1960 AND 1970 

POPULATION SERVED CHANGE IN CHANGE IN % OF 
TOTAL RESIDENT POPULATION BY MI LITARY AND % OF POP. POP. SERVED BY 

CENSUS POPULATION SERVED BY BWS PRIVATE SYSTEMS SERVED MILITARY AND 
SERVI CE AREA 1960 1970 1960 1970 1960 1970 BY BWS PRIVATE SYSTEMS 

1. HONOLULU 296,294 329,835 278,148 309,454 18,110 20,381 11.25 12.5 
2. KANEOHE 59,633 92,219 57,729 81,371 1,940 10,848 40.95 459.2 

3. ~WlA 5,513 7,065 3,221 3,980 2,292 3,085 23.56 34.6 

4. KAHUKU 3,150 3,497 1,386 2,398 1,764 1,099 73.01 -37.7 

5. WAIALUA 8,221 9,171 5,862 6,071 2,359 3,100 3.56 31.4 

6. WAHIAWA 36,861 41,924 18,326 23,788 18,535 18,136 29.80 -2.2 

7A. WAIANAE 41,148 72,197 12,022 20,598 4,347 2,815 71.33 -35.3 

7B. WAIPAHU 9,981 34,415 14,798 14,366 244.80 -2.9 

8. PEARL HAKB~ 49,589 74,629 17,968 41,755 31,621 32,877 132.38 4.0 

TOTAL 500,409 630,537 404,643 523,830 95,766 107,707 29.45 11.4 

SOURCE: SURVEY AND MARKETING SERVICES, A Study of Population and Water Serviae8 on Oahu, BOARD OF WATER 
SUPPLY, CITY AND COUNTY OF HONOLULU, 1960 AND 1971. 

NOTE: 1970 POPUlATION IS BASED ON PRELIMINARY CENSUS FIGURE. THE DIFFERENCE BETWEEN THE FINAL CENSUS AND 
AND THE PRELIMINARY FIGURE OF THE TOTAL POPULATION IS ONLY 1,361 PERSONS OR 0.2 PERCENT. 
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by the numberof persons served. The processgives the annual averageper

capita daily water consumption for 12 years. These estimates disclose that

Oahu’s per capita consumption is still increasing rapidly. The metered per

capita consumption has increased 31.1 percent from 142.4 gpd in 1960 to 186.7

gpd in 1971. This constitutes an average increase of 2.6 percent per annum.

However, the rising trend has acceleratedsince 1968.

When per capita daily consumptionof Oahu was estimated by nine service

areas, per capita consumption figures depicted not only a wide dispersion in

absolute values but also revealed different rates of growth Fig. 1 and Table

3. The trends of per capita consumptionby service areas have some common

characteristics in that they are fairly constant or indicate only slight in

creasesup to 1965 except for Service Areas 7B and 4. Service Areas 1 and 6

did not show any definite trend of increase for the first five or six years

although there were minor ups and downs.

During the same period, Service Areas 4, 5, and 7B showed very strong

increasing trends. For the last six years of the period, most service areas

disclosed increasing trends again.

TOURIST POPULATION AND PER CAPITA CONSUMPTION. The Board of Water Sup

ply has maintained practically 100 percent metering except for emergencyand

special uses such as fire fighting and street cleaning. The water consump

tion data includes most of the water used by tourists. However, the popula

tion estimatesby the Board of Water Supply are based upon resident census

population only and therefore exclude the tourist population.

Becausethe tourist industry, the second largest income-generatingin

dustry on Oahu, has expandedtremendouslyduring the past 12 years, even when

converted to full resident equivalents, the addition to the population of

Oahu is significant. The tourist population,when converted to resident

equivalent population on Oahu, jumped from 8,926 persons in 1960 to 28,233

persons in 1971, an increase of 216 percent. Dramatizing the relative speed

of tourist growth is the fact that one of every 46 personsserved by the

Board of Water Supply in 1960 was a tourist but in 1971 one of every 20 per

sons served was a tourist. Thus, excluding the tourist population in es

1. Departmentof Planning and Economic Development 1971, p. 8. Resident
equivalent tourist population is obtained by the following formula: number
of tourist arrivals x average length of stay/365 days.



-(J) 

Z 
9 
...J 
ct 
C) 

Z 

Z 
0 

~ 
~ 
::J 
(J) 
z 
8 
~ g 
~ 
a: 
ct 
u 
a: 
lI.I 
fl. 

350 

••• AVERAGE 
A S.A.I 

• S.A.2 
V S.A.3 

300 A S.A4 
0 S.A.5 

• S.A.6 

• S.A.7A 

• S.A.7B 

• S.A.8 

250 

200 

150 
••••••••••• •• 

100 

1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 

YEAR 
FIGURE 1. TRENDS OF PER CAPITA WATER CONSUMPTION BY SERVICE AREAS OF THE HONOLULU BOARD OF 

W~TER SUPPLY, 1960-1971. 

1971 

..... ..... 



TABLE .3. METERED PER CAPITA CONSlJvtPTION BY SERVI.cE MEA, 1960-1971 

1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 
(In gallons) 

TOTAL OAHU 142 142 151 146 155 151 163 156 173 180 189 187 

1. HONOLULU 152 148 153 148 157 157 170 164 181 189 197 197 

2. KANEOHE 119 125 132 125 133 116 129 123 150 151 164 171 

3. HAUULA. 84 89 91 89 92 103 106 104 115 116 123 133 
4. KAHUKU 79 99 118 110 113 114 123 134 146 139 159 192 

5. WAIALUA 107 115 122 121 130 133 132 132 138 143 156 167 

6. WAHIAWA 96 96 95 95 100 96 104 97 110 120 129 123 

7A. WAIANAE 160 178 170 168 198 180 184 184 192 225 231 205 

7B. WAIPAHU 191 212 305 281 282 275 276 231 236 237 257 228 

8. PEARL CITY 113 113 121 117 122 112 134 142 141 148 152 147 

SOURCE: HONOLULU BOARD OF WATER SUPPLY. CALCULATED FRCM APPENDICES H AND I. 
NOTE: EXCLUDING TOURIST POPULATION. 

GAL X 3.785 = t. 
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timating per capita consumptionmay result in a deceptive overestimation.

Obviously, corrections should be made for this.

In terms of percentageunderestimation, these tourist figures represent

2.2 percent in 1960, 3.2 percent in 1966, and about 5 percent in 1971. These

percentageunderestimationsof population are exactly identical to the per

centage overestimations of per capita daily water consumption. This mathe

matical relationship can be shown from the definition of per capita water

consumption.

Supposethe actual population served by a water system is N, estimated

population is n, and the number of tourists is t. Supposeagain the following

relationship holds:

N= n + t
t=N -n

Then, the percent of underestimationof the population from the actual popu

lation served by excluding the tourist population, t, is

t 100 percent 1
N

From the definition of per capita consumption, the per capita consumption

with the population n,... ,, where q is quantity of water consumed. The
n

per capita consumptionwith population N,... ,. Then the percent of over
n

estimation in per capita consumptionby excluding t is

a - a100
nN

= 1 - .ioo = f. - -ioo = .ioo, 2

which is identical to 1.
The differential impacts of applying these correction factors to the

data for 1 Oahu as a whole, 2 Service Area 1, Honolulu, and 3 Waikiki

district within Service Area 1 are shown in Table 4. Depending upon how the

tourist population is accounted for, the impact can be relatively small for

Oahu as a whDle -3.7 percent to relatively large for the Waikiki district

-24.4 percent. Clearly, however, the increasing trend in daily per capita

water consumptionstill persists in all areas.
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TABLE 4. PER CAPITA CONSUMPTION EXPLAINED BY TOURIST POPULATION

OAHU

PER CAPITA
CONSUMPTION

1960 1961 1962 1963 1964 1965 1966

142.4 142.1 151.0 145.6 155.0 150.5 163.3

ADJUSTED PER CAPITA
CONSUMPTION WITh
TOURISTS 139.3 138.9 147.3 141.7 151.0 146.4 158.1

PERCENT EXPLAINED
BY TOURISTS 2.2 2.3 2.5 2.7 2.6 2.7 3.2

PER CAPITA
CONSUMPTION

1967 1968 1969 1970 1971
% INCREASE

60-71

156.3 172.8 179.7 189.2 186.7 31.1

ADJUSTED PER CAPITA
CONSUMPTION WITH
TOURISTS 150.2 165.2 170.8 180.2 177.4 27.4

PERCENT EXPLAINED
BY TOURISTS 3.9 4.4 5.0 4.8 5.0 3.7

. SERVICE AREA 1 HONOLULU

PER CAPITA
CONSUMPTION

1960 1961 1962 1963 1964 1965 1966

151.5 147.6 153.5 148.2 157.5 156.8 170.2

ADJUSTED PER CAPITA
CONSUMPTION WITH
TOURISTS 146.8 11+2.6 147.8 142.0 151.1 150.2 161.7

PERCENT EXPLAINED
BY TOURISTS 3.1 3.4 3.7 4.2 4.1 4.2 5.0

PER CAPITA
CONSUMPTION

1967 1968 1969 1970 1971
% INCREASE

60-71

163.5 181.1 188.5 197.2 196.7 29.8
ADJUSTED PER CAPITA
CONSUMPTION WITH
TOURISTS 153.4 168.3 173.5 181.8 180.4 22.9

PERCENT EXPLAINED
BY TOURISTS 6.2 7.1 8.0 7.8 8.3 6.9
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TABLE 1. CONTINUED.

WAIKIKI DISTRICT

PER CAPITA
CONSUMPTION

1968 1969 1970 1971
% INCREASE

60-71

350.6 394.4 438.7 498.0 42.0

ADJUSTED PER CAPITA
CONSUMPTION WITH
TOURISTS 176.8 174.7 190.5 207.9 17.6
PERCENT EXPLAINED
BY TOURISTS 49.6 55.7 56.6 58.3 24.4

Patterns of Water Consumption

SEASONAL VARIATION OF WATER CONSUMPTION. The quantity of water con

sumed is usually expressedas, "average daily water consumptionper year".

Since it takes only one value per year, the averagehides the seasonality

aspects. The transformation of annual averagedaily consumptiondata into

a monthly averageover 12 years from 1960 to 1971 shows a distinctive sea

sonal pattern Fig. 2. The large difference betweenmaximum and minimum

daily water consumptionpoints to a significant limitation of using only the

annual average in planning purposes becauseinvestment of water system de

pends on peak demand.

In order to isolate the seasonality factor from the growth trends, the

"ratio-to-moving average" method was used Merril and Fox 1970, Chap. XI;

Tuttle 1957, Chap. XVI. Supposethe observed time series data is composed

of four components, i.e.,

O=T * S * C * I

where T = trend or growth component

S seasonalcomponent

C cyclical component

a I = irregular component

0 = observeddata

then, the seasonalcomponentcan be removed from the trend and cyclical

components:

0SI y.
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The trend and cyclical componentsare obtained by "the 12 months centered

moving average", and the seasonaland irregular componentsare expressedas

a percentageof its corresponding12-month moving average. The seasonaland

irregular componentsfor correspondingmonths are then averagedto eliminate

the irregular component I.

The result of this computation of the seasonalindex for the series is

shown in Table 5. It must be noted, however, that the method is purely

mathematical and the seasonalindex cannot be regardedas purely a measure

of seasonalcomponentof the series.

The data indicate that there has been a fairly constant seasonalpat

tern in water consumption. In general, consumptionreachesthe peak of

seasonalcycle during the summer months June, July, August, and September

and declines to the trough of the cycle during the winter months December,

January, and February.

In order to find the major factors causing such seasonalvariation in

water consumption, the correlation between water consumption and rainfgll

was examined. The usual practice is to use more water during summermonths

to irrigate lawns and maintain vegetation than during the winter months when

rainfall substitutes for these outdoor sprinkling uses.

Rainfall data from 15 rain gage stations Appendix A located strategi

cally on the island of Oahu were gathered from climatological data U. S.

Department of Commerce 1960-1971 for the study period of 1960-1971. The

selection of rain gage stations was based on the criterion of the lower ele

vation coastal areas. The reasoningbehind the basis for selection is that

most of the population resides along the coastal zone, and the rainfall dis

tribution between lower and higher elevations is great. The average annual

rainfall distribution ranges from 20 inches1 on low coastal elevations to

300 inches on mountains.

From the monthly data for each of 15 rain gage stations for 12 years,

the averagemonthly rainfall on Oahu was computed for 144 months and tabu

a lated in Appendix B.

The monthly averagesof the seasonal index Is and monthly averagesof

rainfall R data of the 12 years were fitted by least squaresin a rectangu

lar hyperbolar function as shown in Figure 3. This inverse relationship is

1. in. x 2.54 = cm.



18

U U I U U

I I - I I I
I 2 3 4 5

MONTHLY AVERAGE RAINFALL IN INCHES

6

RELATIONSHIP BETWEEN SEASONAL INDEX OF WATER
CONSUMPTION AND RAINFALL.

20

115
..

hO

82.90 + 4O.I4R,R2 = 0 75

>
Iii
0
z
-J
4z
0
Cl
4w
C’

.

105

100

95

90

85

.

7.35

I

.

I

I

80

I

7

FIGURE 3.



TABLE S. RATIO-TO-fYOVII'l7 AVERAGE SEASONAL INDEX FOR WATER C<J..ISlJo1PTION IN OAt-JJ I 1960-71 

YEAR JAN. FEB. MARCH APRIL MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. 

1960 110.2 113 .3 126.1 101.2 92.5 90.4 
1961 83.5 85.2 87.3 103.9 98.1 115.5 108.6 112.9 121.2 100.4 90.3 85.9 
1962 94.3 91.4 84.2 88.4 93.9 108.6 117.2 117.5 119.6 103.8 104.7 100.2 
1963 89.4 80.3 85.5 85.9 85.3 103.7 120.7 117.6 118.9 100.9 97.5 95.0 
1964 87.1 91.0 90.6 95.3 90.3 112.2 118.7 112.0 118.3 100.8 97.4 87.2 
1965 87.6 89.3 93.3 98.1 99.0 92.0 114.7 111.7 120.5 101.9 92.3 87.5 
1966 87.2 88.6 85.4 96.0 100.8 105.8 119.7 119.9 120.6 109.0 90.2 88.3 
1967 88.5 89.5 87.7 89.9 96.2 107.9 116.4 114.6 109.8 103.7 97.2 87.2 
1968 85.3 85.0 85.7 92.2 102.6 116.8 125.5 123.8 110.5 96.6 91.9 83.3 
1969 82.7 87.5 94.4 98.1 104.1 113.9 114.9 110.3 106.5 100.9 92.7 87.6 

1970 82.3 92.2 98.7 103.2 104.1 113.0 114.0 114.4 108.9 99.5 90.9 85.8 

1971 84.0 89.4 92.9 94.2 99.9 111.8 

AVERAGE 86.5 88.1 89~6 95.0 97.7 109.2 116.4 115.3 116.4 101.7 94.3 88.9 

S.D. 3.5 3.5 4.7 5.7 5.9 7.0 4.9 4.0 6.4 3.1 4.4 4.8 
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significant statistically at 1 percent. Most of the water used during the

drier summer period may be regardedas water used for outdoor watering pur

poses.

Careful Dbservation of raw water consumptionand rainfall data shows

that extra rainfall which exceeds about 10 inches per month appearsnot to

affect water consumption. This indicates that rainfall is a substitute for

the artificial irrigation of lawns, vegetation and crops up to a certain

level but rainfall beyond this level does not affect the rate of substitution.

The water consumptionrecords show that the range betweenmaximum sea

sonal daily and minimum seasonaldaily water consumptionhas been widening.

The range betweenmaximum and minimum daily consumptionwas approximately

26 mgd in 1960, 31 mgd in 1966, and 36 mgd in 1971. To measurethe direction

of these changes, least squarestrend lines were fitted for each of the max

imum load an1 minimum day consuuption with respect to 12 years Fig. 6.

The equations are:

max = 63,380.89 + 4,374.26 T R2 = .93
= 4i ,873.56 + 3,444.96 T R2 = .94

where and Q . = maximum and minimum daily consumptionmax llUfl

in 1000 gal

T = time in years 1960 = 1

The positive difference in slope coefficients indicate that the maxi

mum daily demands have been increasing faster than the minimum daily demand.

If the difference betweenmaximum and minimum daily consumptionwere ac

counted for by outdoor sprinkling demand, the trend of sprinkling demand

could be derived as follows:

spr = umax -

=a -b T-a. +b. Tmax max mm mm

=a -a.+b -b.Tmax mm max mm

= ta + b T

1. Planning, Resourcesand ResearchDivision of the Honolulu Board of Water
Supply drew the same conclusion in its independentstudy with a different
method. See Roy Do!, "Correlation Study Between Rainfall and Consumptionin
Honolulu". Honolulu Board of Water Supply, 1969. Unpublished Internal Cir
culation Report.
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Substituting yields the actual equation:

spr = 21,507.33 + 929.30 T

The equation indicates that the sprinkling demand is increasing at a

rate of approximately 1 mgd every year.

When these analyseswere extendedto each service area, the results

were consistent with the total Oahu trend with suburbanservice areas to

gether showing faster increasing trends of maximum daily consumption than

Service Area 1, Horolulu.

The coefficients of determinants, however, indicate the functions fit

ted to minimum daily consumption fit better than those fitted to maximum

daily data. In other words, the winter minimums have not been increasing

with as much variation as the summermaximums around their respective trend

lines. This simply indicates that rainfall during the summer, rather than

the winter months, has a greater impact on meteredwater consumption.

ANNUAL CHANGES IN WATER CONSUMPTION BY HOMOGENEOUS DISTRICTS WITHIN

SERVICE AREA 1. Close examination of the water consumptiondata shows that

the total daily water consumptiondropped three times in 1963, 1965, and

1967. Disaggregation of these data by service area reveais that not only

the number of such occurrencesvary by area but also that the year of occur

rences is not the same between areas. For example, Service Area 1 experi

enceddecreasesin incremental change in 1961, 1963, and 1967; Service 7A

encountereddrops in 1965 and 1971; and Service Area 8, meanwhile, did not

show any decreasesthroughout the period.

During the 12 years, population has been growing steadily in all ser

vice areas. It is obvious that the annual changes in water consumptiondo

riot have a unique pattern in time and space. The aggregatedannual incre

mental changes in water consumptionare attributable mainly to large in

creasesin water use by two or three service areas in each year as shown in

Table 6.

Service Area 1 alone contributed more than 50 percent of the total in

cremental increases in the years 1964, 1966, 1968, and 1969, and more than

45 percent in 1970 despite the fact that the population increase was greater

in the suburbanservice areas. To search for possible clues which might

explain the increasing trend of per capita consumption, Service Area 1 was
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divided into 11 approximatehomogeneousgeographical districts in terms of

type of economicactivity and residential characteristics Fig. 4. The

division wa done by regrouping 125 Board of Water Supply pressure zones

of Service Area 1 with reference to a land use zoning map of the City and

County of Honolulu see Appendix C.1

There are two dominantly developing commercial districts, Downtown-Ala

Moana and Waikiki; one dominantly industrial district, Airport-Iwilei; one
0

mixed residential and commercial district, Makiki-Moiliili; three estab

lished single family dwelling districts, Kalihi, Nuuanu, and Manoa; three

developing single family dwelling districts, Salt Lake-Moanalua, Kahala

Waialae Iki, and Hawaii Kai; and one mixed residential and commercial dis

trict, Kaimuki-Palolo.

TABLE 6. PERCENT CONTRIBUTION TO INCREMENTAL TOTAL
WATER CONSUMPTION BY SEVERAL SERVICE AREAS

YEAR
SERVICE
AREA

PERCENTAGE ACCOUNTED
FOR TOTAL INCREASE

1961 2, 7B 88

1962 1, 7B 74

1963 --

1964 1, 2, 7A, 7B 91

1965 --

1966 1, 2 72

1967 --

1968 1, 2 82

1969 1, 7A, 7B 76

1970 1, 2, 7B J7

1971 2, 8 80

The incremental water consumptionin 1969 over 1968 in Service Area 1
was about 3 mgd which is a 5.4 percent increase while the population, in

1. For more information on the location of each pressure zone, see Survey
and Marketing Service, A Study of Population and Water Serviceaon Oahu3
1971, Report prepared for BWS, Honolulu; City and County of Honolulu, Gen
eral Plan Oahu map revised 1964.
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cluding tourists, increasedby only 2.3 percent. Therefore, per capita con

sumption increased from 168 gpd to 174 gpd. Similarly, in 1970, per capita

consumption increased to 182 gal. In 1971, water consumptionincreased less

than a half mgd resulting in a decreasedper capita consumptionof 180 gal.

To identify the areas of increasing water consumptionand to study their

socio-economiccharacteristics, the increments of each year were broken down

according to geographicsubdistricts Table 7.

The increase in water consumptionof Service Area 1 during 1969-1971

were largely results of dramatic increases in water usage in three or four

districts. However, there was no consistent pattern as the district with

the largest increase in consumption differed over the years from one dis

trict to another.

As expected, established single family dominant districts such as Nuu

anu, Kalihi, and Manoa had the most stable water consumptionin any given

year. Practically all of the increasedwater consumptioncame from those

districts which had thriving construction activities. For example, in 1969,

53 percent of the increasedwater consumptionwas accountedfor by the

Airport-Iwilei industrial district and the Waikiki, Downtown-Ala Moana com

mercial disricts. Another 30 percent was contributed by three developing

single family dwelling districts, Salt Lake-Moanalua, Kahala-Waialae1k!,

and Hawaii Kai.

In 1970, the industrial and commercial districts together accounted

for 30.7 percent of the total increase, whereas the three developing single

family dwelling districts accounted for 35.5 percent. Also, the developing

multiple family district, Makiki-Moiliili, showed a substantial increase

accounting for 14.5 percent of the total increase. It was especially no

ticeable in the commercial Waikiki district which shows tremendousgrowth

in water consumption each year.

A striking example of the impact of construction projects upon water

consumption is illustrated in Figure 5 which covers Pressure Zone 1141

Hon 1973. This pressure zone, roughly trapezoid-shapedand containing

69 acres’, lies between Liliha Street and College Walk, bounded by Lunalilo

Freeway to the north and King Street to the south. The predominant feature

1. Acre x 0.405 = ha.



TABLE 7. DISTRIBUTION OF INCREASED TOTAL GPO WATER CONSUMPTION BY SUBDISTRICTS, 1969-1971 

19129 19ZD 19Z1 
INCREMENTAL % OF TOTAL INCREMENTAL % OF TOTAL INCREMENTAL 

SUBDISTRICT CHMGE INCREMENT C~E INCREMENT CHANGE 
(IN 1000 GAL) 

AIRPORT-IWILEI 706 24.27 . 141 3.80 -874 

SALT LAKE-MOANALUA 455 15.64 493 13.28 - 83 

KALIHI 101 3.47 54 1.46 -100 

NUUANU 31 1.06 - 12 - 0.32 49 

DOWNTOWN-ALA ~ANA 281 9.66 452 12.18 144 

MAKIKI-~ILI III 126 4.33 673 18.14 17 

WAIKIKI 553 19.01 546 14.71 1022 

WWOA - 52 - 1.78 187 5.04 48 

KAIMUKI-PALOLO 284 9.76 360 9.70 -642 

KAHALA-WAIALAE IKI 183 6.29 78 2.10 32 

HAWAI I KAI 241 8.29 739 1-9.91 538 

TOTAL INCREMENTAL 
WATER CONSUMPTION 2909 100.00 3711 100.0 151 
IN SERVICE AREA 1 

% OF TOTAL 
INCREMENT 

-578.81 

- 54.96 

- 66.23 

32.45 

9.5.36 

11.26 

676.82 

31.79 

-425.16 

21.19 

356.29 

100.0 

N 
VI 
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of this zon was an urban renewal project, the Kukui Gardenshousing devel

opment. Construction of Kukui Gardens, a town house complex, began in Feb

ruary 1969 and was completed in October 1970. By December 1970, all 882

units were occupied. The construction period is shown by ban "A" and the

moving-in period of tenants which began in May 1970 is expressedby bar

"B". About this time another housing development,,a 126-unit highnise on

Vineyard Boulevard was completed. Tenants moved into the highnise starting

March 1971 to September1971; this is shown as bar "C" in Figure 5. Also,

an 84-unit apartment was occupied during the period September1971 to Decem

ber 1971; this is shown as bar "D". By this time, a 23-story highnise for

senior citizens was completed and this 175-unit building began to be occu

pied in December 1971 and by April 1972 all units were filled; this period

is shown as bar "E" in Figure 5. Bar "F" shows the occupancyperiod of the

150-unit highnise structure at the early period of the Kukui Gardenscon

struction. Thus, there was a continuing process of construction and occu

pancy during the 1969-1972 period in the pressure zone accompanyinga dra

matic increase in water consumption of 900 percent of 57,000 gpd in December

1968 to 570,000 gpd in June 1972.

SEASONAL CHANGES IN WATER CONSUMPTION BY HOMOGENEOUS DISTRICTS WITHIN

SERVICE AREA 1. The annual average daily water consumptiondata of 11 dis

tricts in Service Area 1 were rearranged into a monthly form and plotted to

check the magnitudesof seasonalvariation of each district. The figures

disclose dramatic differences in seasonalvariation for each district and a

large degree of irregular shifts in annual seasonalvariation see Fig. 6.

The Airport-Iwilei district, an industrial district, turned out to be

the place where the most extreme seasonality exists. An average of 124

percent more water is used during the maximum seasonover the minimum sea

son between1968 and 1971. The peak seasonaldemand in this district re

quires 6.5 mgd over the minimum season. It is difficult to measureand com

pare precisely the percentageof seasonalvariation of each district to the

total seasonality of Service Area 1 due to the different occurrencesof the

peak month in some districts. Rough estimations reveal that the Airport

Iwilei district is responsible for about 30 percent of the seasonality in

Service Area 1 and about 19 percent of the seasonality in the total munici

pal water system of all service areas combined.
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Next to the Airport-Iwilei district, the Kahala-WaialaeIki district

has the highest seasonality of 98 percent over the minimum daily use. Salt

Lake-Moanaluaand Hawaii Kai districts utilize 89 and 85 percent more water

in the maximum seasonover the minimum season. All of these developing

single family dwelling areas accounted for about 26 percent of seasonality

in Service Area 1, whereas their population is about 17 percent of Honolulu

in 1970. In contrast to the high seasonalvariation in the developing sin

gle family dwelling area, the developed single family housing districts, all

of them being located in wet areas, displayed much smaller seasonalvaria

tions. Seasonalvariations in Kalihi, Nuuanu, and Manoa were 20, 24, and 31

percent, respectively. Contribution of these three districts to the total

seasonality of Service Area 1 was about 9 percent even though these dis

tricts have about 29 percent of the total population in Service Area 1.

Commercial-predominantdistricts, Downtown-Ala Moana and Waikiki, ex

hibited 31 and 30 percent of seasonality, respectively, accounting for about

18 percent of the total seasonality in Service Area 1. These are higher

levels of seasonalvariations as compared to developedsingle family dwel

ling districts. In addition to this, multiple family dwellings and commer

cial mixed districts Makiki-Moiliili, and single family dwellings and com

mercial mixed districts CKaimuki-Palolo disclosed an unexpectedrelatively

high degree of seasonality of 27 and 47 percent. These two districts com

prise about 20 percent of the total seasonalitybut have 40 percent of the

population in Service Area 1. The seasonalvariation of each district is

tabulated in Table 8. The summationof district percentagecontribution to

the total seasonality of Service Area 1 is 107 percent. The extra 7 percent

is the error resulting from the occurrence of the peak seasonin different

months.

Extreme seasonalvariation of water consumptionin the Airport-Iwilei

industrial district appears to have little relation with lawn irrigation.

The existence in the district of huge pineapple canneries, such as Dole and

Del Monte which are highly seasonalin their operation, explains the unusu

ally high degree of seasonalityof this district.

The relatively high seasonality in commercial districts and commercial,

apartment-residential mixed districts is an unexpectedfinding. The fact

that commercial and commercial-residential districts have far less irrigable

areas indicates that there may be other factors influencing water consump
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tion in summer.

TABLE 8. SEASONALITY OF WATER CONSUMPTION IN SERVICE AREA 1
BY 11 SUBDISTRICTS, 1968-1971

DISTRICT

AVERAGE
SEASONALI
MAx/MIN

TY
%

TO
OF

% D
TOT

SE

ISTRIBUTION
AL SEASONA
RVICE AREA

LIlY
1

% DISTRIBUTION
OF POPULATION

1970 CENSUS YEAR

AIRPORT-IWILEI 123.9 29.7 - 2.1

SALT LAKE-MOANALUA 88.9 7.7 6.0

KALIHI 19.6 3.6 14.4

NUUANU 23.7 2.9 8.2

DOWNTOWN-ALA MOANA 31.0 9.2 6.1

MAKIKI-MOILIILI 26.5 11.8 23.1

WAIKIKI 30.6 8.5 5.2

MANOA 31.4 2.9 6.2

KAIMUKI-PALOLO 47.2 12.5 17.6

KAHALA-WAIALAE IKI 97.6 7.1 2.6

HAWAII KAI 85.0 11.1 8.5

TOTAL 107.0 100.0

Past studies of the other metropolitan areas in the U.S. demonstrates

air conditioning creates severepeak load problems Gerstein 1957; Task

Group Report 1958; Susmanand Portnoy 1959. For example, Gerstein’s study

disclosed that most of the seasonalvariation in commercialized downtown

Chicago is due to water-using air conditioners.

Nonconservativetype air conditioners use water at a rate of 1.5 to

2 gallons per minute gpm per ton of refrigeration whereas conservative

types, which recirculate water through a cooling tower or evaporative con

denser, use water at a rate of no greater than 0.15 gpm per ton. The evap

orative loss in a cooling tower or evaporative condenseris approximately

1 percent of water quantity circulated Carrier Air-conditioning Co. 1961,

pp. 5-7.

Simple calculations of make up water requirement with the coefficient

of 0.15 gpm per ton of air conditioning show a possibility of seasonalvari

ation even if all the air conditioners are of the conservative type.
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0.15 gpm/ton x 60 mm = 9 gph/ton

9 gph/ton x 24 hr = 216 gpd/ton

If a district has 5000-ton capacity air conditioners:

216 gpd/ton x 5000 tons = 1.8 mgd

Thus, even conservative type air conditioners could use one million

gallons or more water in peak seasonthan in a nonpeak season.

Susmanand Portnoy 1959 reported a startling finding in the operation

of closed type air conditioners in New York.

In theory no significant changes should be causedby circulating
water in closed systemsused in larger central air conditioning
installations. It is not ordinarily thought that there will be an
appreciable amount of make up water needed in such a system.
Actually, however, large amounts of make up water are needed in
many of these systemsbecauseof water losses from a variety of
causes, such as pump packing gland leakage. A study of 84 closed
systemsshowed that more than half of them required an amount of
make up equivalent to the original volume of water in systemsat
least once a month. One system required about eight systemvolumes
of make up water per month.

Air conditioning has been a competitive necessity in commercial estab

lishments such as shopping complexes, business offices, hotels, and public

buildings. Trends toward the central air conditioning has been noticeable

in newly constructed buildings on Oahu in the past several years along with

the construction boom.

According to the U.S. Geological Survey, Hawaii was using 0.9 mgd of

water for air conditioning purposes in 1965 Todd 1970, p. 226. Judging

from this information, there is a good possibility that the seasonalvaria

tion in commercial districts can be explained by the combination of air

conditioning and sprinkling load.

CHANGES IN PER CAPITA CONSUMPTION BY HOM0GENOUS DISTRICTS WITHIN SER

VICE AREA 1. It becameapparent that the increase in water consumptionin

Service Area 1 came mostly from physically or economically expanding dis

tricts such as commercial, industrial, and developing residential districts

at the time of their expansion. These districts, such as Waikiki, Hawaii

Kai, Salt Lake-Moanalua, Kahala-WaialaeIki, and Makiki-Moiliili, probably,

except Downtown-Ala Moana and Airport-Iwilei, also experienceda high rate

of population growth at the time of their expansionby construction activ

ity.
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It would be very interesting to check if per capita daily consumption

is increasing in these districts. Unfortunately, the time series popula

tion data by districts were not available simply becauseno agencies compile

such data by districts. The only available censusdata for this purpose

were the Survey and Marketing Service 1971 report which estimated people

serviced by the Board of Water Supply.

From the Survey and Marketing Service report, the average personsper

service by subdistricts were calculated. Also, annual average daily con

sumption per service was calculated for four years from 1968 to 1971. Each

was divided by the averagenumber of persons per service to estimate roughly

changesof per capita consumption see Appendix D. For the Waikiki dis

trict, a different method of estimation was used due to the tourist popula

tion which is not countedby the census. That is, all of the tourist popu

lation is assigned to this district and then added to census population of

the district assuming the resident population did not change for four years.

The estimates of per capita consumption of 11 subdistricts revealed that

developed single family dwelling districts have no increasing trend of per

capita consumptionand maintained relatively constant levels during 1968-

1971 see Figure 7. Commercially dominant districts and the commercial-

multiple dwelling mixed district showed the most rapid increasing per capi

ta consumption.

The developing single family dwelling dominant districts showed a

steadily increasing trend of per capita consumption, explaining most of the

dramatic increase in total amount of water consumption of these developing

residential districts as the result of population. increasesbut still show

ing an increasing trend in their per capita consumption.

ESTIMATION OF AVERAGE RESIDENTIAL PER CAPITA CONSUMPTION BY SINGLE AND

MULTIPLE FAMILY DWELLING TYPE. To estimate averageresidential per capita

daily water consumption and changesof the residential per capita consump

tion over time, a sampling study was conducted see Appendix E for sample

design and questionnaires. Summary results of the aggregatedgallons per

day and estimated per capita daily consumptionare tabulated for 1968 to

1971 out of 254 observations in Table 9.

The estimated residential per capita daily water consumptionin Table

9 clearly shows that there is hardly an increasing trend during the 1968 to

1971 period. The small variation of yearly residential per capita consump
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YEAR 

1968 

1969 

1970 

1971 

AVERAGE 

TABLE 9. SUMMARY TABULATION OF SURVEY RESULTS ON RESIDENTIAL WATER CONSUMPTION, PERSONS 
SERVED, AND ESTIMATES OF PER CAPITA DAILY CONSUMPTION, 1968-1971 

TOTAL WATER CONSUMPTI ON PER CAPITA DAILY CONSUMPTIONa 

SINGLE MJLTIPLE 
ANNUAL AVG. SINGLE FAMI LY MULTIPLE FAMILY FAMILY FAMILY 
RESIDENTIAL DWELLING DWELLING RESIDENTIAL DWELLING DWELLING 

TOTAL TOTAL TOTAL PER CAPITA PER CAPITA PER CAPITA 
GALS/DAY GALS/DAY GALS/DAY DAILY DAILY DAILY 

CONSUMPTION CONSUMPTI ON CONSUMPTI ON CONSlJv1PTION CONSUMPTI ON CONSUMPTION 

184,225 97,948 86,277 106.2 114.2 98.3 

192,652 98,049 94,603 111.0 114.3 107.9 

188,033 101,110 86,923 108.4 ll7.8 99.1 

186,356 99,362 86,994 107.4 ll5.8 99.2 

187,816 99,ll7 88,699 108.2 ll5.5 101.1 

apER CAPITA WATER CONSUMPTION FIGURES ARE CALCULATED FROM SURVEY RESULTS ON WATER CONSUMPTION AND PERSONS 
SERVED DATA. TOTAL NUMBER OF PERSONS SERVED BY THE SAMPLE SERVICES WERE 1735 PERSONS IN JANUARY 1973 AT 
THE TIME OF THE SURVEY. AMONG THESE PERSONS, 858 PERSONS LIVED IN SINGLE FAMILY DWELLINGS AND THE OTHER 
877 PERSONS LIVED IN MULTIPLE FAMILY DWELLINGS. IT WAS ASSUMED THAT THE NUMBER OF PERSONS SERVED DID 
NOT CI-f,l\NGE DURING THE 1968-1971 PERIOD FROM THE NUMBER OF PERSONS AT THE TIME OF THE SURVEY. 
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tion may be attributable to climatic changes. The total aggregatedper

capita consumptionon Oahu showedthe strongest increasing trend during the

study period.

Statistics reveal that there is a difference in averageper capita con

sumption between single family dwellings and multiple family dwellings. The

consumption in single family dwellings was about 15 gal more per person per

day than multiple family dwellings; however, the difference is much smaller

than the U.S. Western States average reported by Linaweaver, Geyer, and Wolff

1967, pp. A2-A3. Their estimate is 123 gpd per person for single family

dwellings and 55 gpd per person for multiple dwellings.

The water consumptiondata were put into the original bimonthly form to

evaluate the reasonsfor such differences in per capita consumption. The

total water consumptiondata of the samplewere arrangedseasonally and

yearly and then separatedby dwelling type. The graphs in Figure 8 show

that the difference betweenper capita consumptionof single and multiple

family dwellings is mostly due to the high seasona.1variation of water usage

in single family dwellings. The four-year average seasonalvariation of sin

gle family dwellings which is measuredas a ratio of maximum seasonover min

imum seasonday is about 50.5 percent. The seasonality of multiple dwellings

turns out to be about 10.1 percent. The peak seasonsof water consumption

of single family dwellings occurred in July-August for four consecutive

years. Multiple family dwellings do not show consistent seasonalvariation,

that is, the peak seasonoccurred in November-Decemberin 1968, September-

October in 1969, July-August in 1970, and May-June in 1971. Therefore, sea

sonal variation of water consumption in residential uses is largely attrib

utable to single family dwellings and is primarily due to lawn irrigation.

EFFICIENCY OF DOMESTIC WATER USE BETWEEN SINGLE AND MULTIPLE FAMILY

DWELLINGS. To comparewater use economy between single and multiple family

dwelling types excluding sprinkling usage, water consumptiondata of each

dwelling types were reducedto per capita daily basis by seasons. Table 10

discloses more water is used by the people who occupy multiple family dwell

ings than by the residents of single family housesfor indoor domestic pur

poses. During the January-Februarymonths, the necessity to irrigate lawns

and vegetation by artificial means decreasessignificantly due to abundant

rainfall. The water consumption figures of single family dwellings during

this period, however, contain some amount of unknown winter sprinkling.
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Higher per capita consumptionin multiple family dwellings during the winter

seasonindicates that there may less efficient water usage in multiple fam

ily dwellings comparedto single family dwellings. Less incentives to

promptly repair leaking toilets and water faucets, and the growing tendency

toward a central supply of hot water in highrise condominiumsand apartments

could causerelative inefficiencies of indoor water uses in multiple family

dwellings.

TABLE 10. AVERAGE SEASONAL PER CAPITA CONSUMPTION BY DIFFERENT
DWELLING TYPE, 1968-1971

JAN.-FEB. MAR.-APR. MAY-JUNE JULY-AUG. SEPT.-OCT. NOV.-DEC.
gpd

SINGLE
FAMILY 92.1 105.7 124.7 137.9 123.7 104.8
DWELLING

MULTI PLE
FAMILY 95.0 99.5 103.3 103.7 102.0 101.5
DWELLING

Evaluation of Major Variables Affecting
Per Capita Consumption

CONSTRUCTION AND RAINFALL. Increasing trends in per capita water con

sumption on Oahu are not due to increasing water usage in establishedresi

dential areas as the sample study indicates. Per capita daily consumption

is increasing over time mostly becauseof expandingeconomic activity which

is led by the construction industry in the case of Service Area 1. To dis

cover whether this situation applies to the rest of the service areas, two

suburban service areas were chosen as a test case.

Service Areas 6 Wahiawa and 8 Pearl City are typical developing

residential areas which are predominantly single family dwellings in subdi

vision developments. Subdivision developmentsaccount for about three

fourths of single family dwellings built on Oahu, but account for a much

greater percentagein suburbanareas Bank of Hawaii 1969, p. 15.

The annual averageper capita daily water consumptionand the number of

single family dwellings including townhousesbuilt per year in Service Areas

6 and 8 are tabulated in Table 11. Individual residential construction and

newly built commercial and public establishmentsare not included in this
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table.

Service Area 6 has maintained a fairly constant level of per capita

consumptionup to 1967. During this period subdivision construction/expan

sion activities had not taken place except for the Waipio Town subdivision

in 1965. When Mililani Town, a large scale "planned city", began construc

tion in 1968 the per capita water consumption started to increase rapidly

and tapered off in 1971 when the pace of construction decreased.

Subdivision development in Service Area 8 has increasedsince 1961 and

so has per capita water consumption. Subdivision developmentsin this area

have been relatively smaller in scale than in Service Area 6.

A closer look at Table 11 discloses that per capita consumption is

closely related to the annual pace of construction. However, comparisonof

change in per capita consumptionbetweenthe two service areas are not com

patible becausethe construction data do not include commercial and public

construction nor are common landscapingand recreational facilities of a

subdivision developmentincluded.

Simple correlation analysis between per capita water consumptionand

the number of housesbuilt per year yielded correlation coefficients of 0.86

and 0.88 for Service Areas 6 and 8, respectively. The results justify the

examination of possible functional relationships betweenper capita daily

water consumptionand construction activities on an overall basis for Oahu.

To allow for the effects of commerical, industrial, and government con

struction as well as subdivision developmentupon per capita consumption,

the value of construction completed was used as an explanatoryvariable. The

value of construction completed includes all of the physically expandingeco

nomic activity which is led by the construction industry, such as new hotels,

restaurants, laundries, office buildings, subdivision developments, condomin

ium buildings, apartments, shopping centers, factories, expansionof facto

ries, parks, highways, schools, individual housebuildings, etc.

Two linear regression models were used to investigate the impact of

construction which representsthe expanding economy, equation 3, and the

joint impact of construction and rainfall change, equation 4, upon the

overall per capita consumptionon Oahu data, see Appendix F.

= f vt, u 3

= f vt, tRt, U 4



TABLE 11. PER CAPITA WATER CONSUMPTION AND SUBDIVISION RESIDENTIAL CONSTRUCTION 
IN SERVICE AREAS 6 AND 8, 1960-1971 

1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 

SERVICE PER CAPITA 
AREA CONSUMPTI ON 95.7 95.8 95.0 95.3 99.9 95.7 104.2 97.4 109.8 119.9 128.8 122.7 

6 
NlJv1BER OF 

(WAHIAWA) HOUSES BUILT N.A. 0 0 0 0 218 0 0 235 289 401 267 

SERVICE PER CAPITA 
AREA CONSLMPTION 113.5 113.5 120.5 116.8 122.3 118.8 133.8 141.7 141.2 147.8 151.7 147.1 

8 
(PEARL NIJw1BER OF 

HARBOR) HOUSES BUILT N.A. 99 440 291 369 553 622 691 686 786 1490 1135 

SOURCE: CALCULATED FROM SCATTERED DATA IN BANK OF HAWAII, Constpuation in~Hawaii~ 1969-19?2~ HONOLULU. 
HOUSING DATA COVERS ONLY SUBDIVISION DEVELOPMENTS WHICH CONSTRUCTED MORE THAN 25 UNITS PER YEAR. 

~ 
CJ.:I 
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where = per capita daily water consumption in year t

adjusted for tourists in gal

= value of construction completed in year t

in million dollars

ER= R - R_i, i.e., annual rainfall change

betweenyears t and t-1

= disturbance term

The two equations are:

Q = 123.01 + 0.084 V

5
R2 = .92 4.44 D.W. = 2.34

Q = 125.89 + 0.079 V - 0.137 R
t 0.007 0.0728 6

R2 = .95 F = 70.97 S= 3.71 D.W. = 2.10

The value of construction turned out to be the single most important variable

affecting the per capita consumptionin a dynamic condition. When one more

variable, annual rainfall change, was added to the equation, both variables

turned out to be significant at the 5 percent level. However, when the

value of construction completed was replaced by the real value of construc

tion completed, the coefficient of rainfall change becameinsignificant,

a finding which is not consistent with earlier analyses.

Q = 110.77 + 0.169 V - 0.015 Rt 0.024 0.109

R2 = .88 5.5 D.W. = 1.67

In fact, construction activities, which have accelerated since 1968,

have been active during the study period throughout the island. The skyline

has been completely changedby high-rise buildings and condominiumapartments

in the Downtown-Ala Moana, Waikiki, and Makiki-Moiliili districts. Single

family dwelling construction also has been increasing in the Salt Lake

Moanalua, Kahala-WaialaeIki, and Hawaii Kai districts.

In suburbanareas which comprise of Service Areas 2 to 8, large scale

subdivisions of land and housing have continued. Eighteen new towns which

have populations of more than two thousandhave been createdduring the past

12 years in the suburbanareas U.S. Bureauof Census 1971, p. 13. At the

same time, there has been a new style in subdivision development, the
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so-called "planned community", providing community parks, land-scaping, and

pools, etc.

It is the usual practice for quite a lot of water to be used for dust

control, cleaning equipment, cement mixing during the construction period,

building and filling swimming pools, landscaping, and testing plumbing fa

cilities during the final stagesof construction. As new homes are sold,

occupantsstart to plant grass and other vegetation, drawing large amounts

of water for several months until their lawns are completely rooted.

In addition, new commercial establishmentssuch as drive-ins, gas sta

tions, barber shops, and shopping centers are established and new public

facilities such as schools, parks, and churches follow to serve the residents.

In the central Honolulu area, predominant types of construction have been

highrise hotels, office buildings, and condominium apartmentswhich have

become more luxurious with central air-conditioning, pools, fountains, fish

ponds, and small but intensive landscaping. Freewayand interchange con

struction, which requires huge amounts of concrete mix and landscapingalong

the highways, continues throughout the island.

The rainfall change alone does not seem to affect the increasing trend

of per capita consumption over time; rather, it affects annual ups and downs

of per capita consumption. It is foreseeable that rainfall could increas

ingly play a more important role in water consumptionin the future as the

irrigable area expands. More public water will be required in dry years to

water expanding lawn areas. Drought years are expected to create more dif

ficult problems both in water supply and conservation becausegreater amounts

of water will be used for sprinkling lawns at a time when there will be very

little groundwater recharge.’

INCOME. The cross sectional relationship betweenper capita water con

sumption and the income level of single family dwelling householdsappear to

be not clear. Figure 9 shows large variations of per capita consumption lev

el of 214 samplehouseholdsfor each given level of income bracket. Median

1. The simple correlation coefficient between construction activity and rain
fall was -0.21. However, construction work is hamperedin the rainy seasons
due to difficulty of pouring concrete mix, etc. Actual correlation between
the two variables on a seasonalbasis may be higher than the coefficient
calculated from annual averagedata. This may compound the problem of
groundwatermanagementduring dry seasonsand years.
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per capita consumptiontends to increase as the income bracket goes up, how

ever, median per capita consumptionat the low income level is greater than

that of the middle income bracket family. The large variations of per cap

ita consumptionat each given level of income bracket may indicate that the

size of lawn is a more important factor affecting per capita consumption

level than straight income level, as there is considerablevariation in the

size of lawns owned by identical income level households. Investigations

of per capita consumption levels by income brackets for four years of the

period 1968-1971 revealed that median consumptionfigures maintainedvir

tually the same levels for each income bracket even though there is a good

possibility of increasing income during the period. This analysis is con

tradictory to the past reports reviewed elsewhere Oh 1973, Chap. II. The

past studies utilized either aggregatedregional income data or assessed

value of housesas a proxy of family income.

PRICE. Impact of Price Changeson Residential Water Consumption. The

Honolulu Board of Water Supply raised water rates twice during the 1960 to

1971 period. The rate adjustment at the end of 1966 consolidated the sepa

rate rates of the metropolitan system and the suburban system into one rate

for both areas. The rates in effect prior to that adjustment were estab

lished in 1951 for the metropolitan system and in 1960 for the suhirban sys

tem. The marginal rate of increase of the rate in the first block was 14

percent in 1966. The last rate increase at the end of 1970 was 9 percent,

from 34 cents to 37 cents per 1000 gal, evaluated in the first block in

which practically all residential water uses fall, except for some larger

apartment uses for changeof rate schedule, see Appendix G.

The impact of price changeupon residential water consumptionlevels

before and after the price increase was analyzed. Total water consumption

of the sample residents decreasedfrom 188,033 gpd in 1970 to 186,356 gpd

in 1971 after a price increase at the end of 1970. The consumptionchange

was about -0.9 percent. In terms of per capita daily consumption, the de

creasewas from 108.4 to 107.4 gal by -0.9 percent. If it could be assumed

that everything had not changedexcept price, the decreasein water consuin

tion would have yielded a coefficient of price elasticity of -0.1. This is

more inelastic than the cross-sectional domestic price elasticity of -0.2

which is reported by Howe and Linaweaver 1967, p. 24. However, when water

consumptionwas separatedby different dwelling types, all the decreasesof
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water consumptionresulted from single family dwellings. The per capita

daily water consumptionof single family dwellings decreasedform 117.8 to

115.8 gal. In contrast, per capita daily consumption in multiple family

dwellings maintained about the same level, 99.2 and 99.3 gal, before and af

ter the price change. This indicates that a 9 percent price increase had no

effect upon water demand in multiple family dwellings.

Do price changesaffect water demand in single family dwellings? If we

again assumethe octeris paribus condition to hold, price elasticity would

be -0.19. To determine whether the 1.7 percent decreasein per capita con

sumption is due to rainfall changesor price changes, seasonalchangesof

per capita consumptionand rainfall changeswere plotted in Figure 10.

This analysis discloses that the decreasein per capita daily water

consumptionin 1971 is mainly attributable to changesin rainfall. The

first six months of 1971 recorded more rainfall than during the same period

in 1970. Consequently, rainfall substituted for irrigation demandresulting

in less per capita daily consumption during the period. However, the last

six months of 1971 recorded less rainfall when comparedto the corresponding

period of 1970. During this period, more sprinkling demandwas required and

per capita consumption increased. If consumershad been motivated to save

water in reaction to the price increase, the water consumptionlevel would

have decreasedduring the final six-month period of 1971. But there is no

such evidence that consumershad lessenedtheir water usage in responseto

the given price increase.

Why is it that consumers living in multiple family dwellings did not re

duce their consumptionat all? More than 90 percent of multiple family

dwellings surveyed reported that their water bill is paid by landlords,

whereas 94 percent of single family dwellings pay their water bill directly

to the Board of Water Supply. The 1970 Censusdisclosed that about 53.4

percent of all housing units on Oahu is renter occupied and the remaining

46.6 percent is owner occupied. Since it could be reasonably assumedthat

most renter occupiedhousing units do not pay their water bill directly, the

effectiveness of water pricing as an instrumental tool diminishes signifi

cantly from the very beginning by the built-in neutralizing effect of the in

cidence structure. There is however, always the possibility of water con

sumption saving through the price mechanismif the prices were to be raised

"significantly" to cause landlords to install individual meters for each
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dwelling unit in their apartmentbuildings.

IMPACT OF PRICE CHANGE ON INDUSTRIAL AND COMMERCIAL WATER CONSUMPTION.

To obtain some indication of the impact of price changeupon industrial and

commercial water consumption, 23 industrial firms and 31 commercial estab

lishments were selected arbitrarily from among the largest water users.

Most of the firms selected were using more than one million gallons per

month. The sample firms were then subgroupedinto relatively homogenous

businesses,such as utilities, pineapple canning, restaurants, hotels and

so forth. The data on water consumption and number of wells owned by the

firms were gatheredby the Board of Water Supply.

A rough estimation of price elasticity of the industrial and commercial

water demandis tabulated in Table 12 assumingoeteris paribus conditions

for all other factors except price and water consumption. Water price in

creasedfrom 13 cents to 17 cents per 1000 gal in the last block of price

schedule in which all of the surveyed industrial firms, hotels, and laun

dries fell.

Water price for the surveyed restaurants and office buildings increased

from 16 cents to 22 cents per 1000 gal. Industrial water consumptionof 23

firms decreasedfrom 7101 to 6115 thousand gal per day after the price in

crease at the end of 1970, giving an averageprice elasticity of industrial

water demand of -0.45.

These evaluations suggest that there is a good possibility that large

industrial water users respondto price change although one of the five in

dustrial subgroups did not show decreasedwater consumption.

Water consumptionof 31 commercial establishments,however, showed an

increasedwater consumption after the price increase. A more careful check

by subgroups revealed that hotels and laundries increasedtheir water con

sumption, whereas,office buildings and restaurantshad very small decreases.

These decreasesmay have been due to rainfall changes.

The National Water Commissionbelieves there are great possibilities

for reduction in per capita consumptionby price. This belief is largely

based on the results of some statistical studies performed on cross-sectional

data taken from a number of different communities. Care should be exercised

in interpreting such results for urban water policy, however, since it is

not necessarily common that water consumption is reducedafter price in

creases. Table 13 shows the past experiencesof local water utilities which



TABLE 12. ESTIMATE OF PRICE ELASTICITY OF WATER DEMAND FOR SELECTED INDUSTRIAL 
AND Ca+1ERCIAL FIRMS: MEASURED BEFORE AND AFTER PRICE INCREASE 

TOTAL DAI LY Ca-.lSlMPTIa-.I % CHANGE OF % ESTIMATE 
NO. OF FRQ\1 BWS SOURCE Ca-.lSUMPTI a-.I INCREASE OF 

INDUSTRY FIRMS (IN 1000 GAL) BEFORE AND AFTER OF PRICE 
SUBGROUP INVESTIGATED 1970 1971 PRICE INCREASE PRICE ELASTICITY 

01 L AND RELATED 3 3098 3006 - 2.97 30.7 -0.10 

UTILITIES 4 702 764 8.68 30.7 +0.28 

CONSTRUCTIa-.I 
MATERIALS . 6 646 522 -19.35 30.7 -0.64 

PINEAPPLE CANNING 3 1598 780 -51.19 30.7 -1.67 

OTHER FOOD AND 
BEVERAGE 7 1057 1043 - 1.42 30.7 -0.05 

INDUSTRIAL SUBTOTAL 23 7101 6115 -13.89 30.7 -0.45 

LAUNDRIES 5 232 789 240.08 30.7 +7:82 

RESTAURANTS 6 156 152 - 3.80 37.5 -0.10 

OFFICE BUILDINGS 7 154 152 - 1.30 37.5 -0.03 

HOTELS 13 952 1001 5.14 30.7 +0.17 

COMMERCIAL SUBTOTAL 31 1494 2094 40.16 34.1 +1.18 

TOTAL 54 8595 8209 

V1 ..... 
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are contradictory to the studies on which the National Water Commissionbas

es its position on urban water pricing policy.

TABLE 13. CROSS-COUNTRY SURVEY ON IMPACT OF WATER PRICE ON
WATER DEMAND

PERCENT OF PERCENT EFFECT ON
CITY RATE INCREASE YEAR METERED WATER DEMAND

BRADENTON, FLA. INCREASED BY 1969 92 TEMPORARY
6/1000 GAL EFFECT

AMES, IOWA 21 1969 100 NO EFFECT

AURORA, COL. 25 1970 100 SLIGHT
EFFECT

ARVADA, COL. 7 1969 100 NO EFFECT

BORGER, TEX. INCREASED BY 1965 100 NO EFFECT
104/1000 GAL

NEENAH, WIS. 10 1969 100 NO EFFECT

PIQUA, OHIO 50 -- 100 4% DECREASE

EUGENE, ORE. 40 1960 100 VERY LITTLE EFFECT

ALIQUIPPA, PA. 33.3 1970 100 NO EFFECT

OILDALE, CALIF. 40 1967 1.9 NO EFFECT

TUCSON, ARIZ. 10 1970 99.9 SLIGHT DECREASE

PADUCAH, KY. 24 1968 100 NO EFFECT

CASPER, WY. 40 1970 100 NO EFFECT

BASTROP, LA. 30 1957 100 NO EFFECT

SHERMAN, TEX. INCREASED BY 1958 100 NONE
7.5/l00 CU FT

GREENSBORO, N.C. 60 1965 100 NONE

KINGSPORT, TENN. 25 1962 100 NONE

HUTCHINSON, KANS. 33.5 1965 100 TEMPORARY
DECREASE

EASTON, PA. 25 1970 ]0O NONE

YAKIMA, WASH. 33 1968 100 NONE
HAJ*1OND, IND. 100 1954 100 NONE

HENDERSONVILLE, N.C. 50 1960 100 NONE

CHEYENNE, WYO. 10 1968 100 NONE

FARGO, N.D. 25 1964 100 NONE

NEWBURY, N.Y. 48 1969 100 NONE
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TABLE 13. CONTINUED

CITY
PERCENT OF

RATE INCREASE YEAR
PERCENT
METERED

EFFECT ON
WATER DEMAND

NAPA, CALIF. 50 1967 100 NONE

LINCOLN, NEB. 25 1969 100 NONE

COLUMBUS, MISS. 25.4 1967 100 NONE

QUINCY, MASS. 25 1971 99.9 NONE

SOURCE: The American City Magazine 1973.

CONCLUSIONS

This study was able to produce some unique results. Major findings

are: 1 meteredaverage daily consumptionper capita within the Honolulu

Board of Water Supply increased from 139 gal to 177 gal during the period

1960 to 1971, 2 water consumption is increasing with steadily enlarging

seasonalfluctuations over time, 3 there is no uniform and consistent pat

tern in marginal consumptionchange in terms of annual volume over time and

space, 4 water consumptionincreases in areas where construction activity

is strong and then gradually tapers off after completion and occupation of

the construction project, and 5 water consumption level in established

residential areas is virtually constant over time.

Other important findings are: 6 major factors affecting changing per

capita consumption are value of construction completedand annual changes

in rainfall, 7 there is no evicience that metered residential water consum

ers respond to price increases within a range of 9 to 14 percent above 34

cents per 1000 gal, 8 there are some indications that large industrial wa

ter users respond to price increase although such responsesare quite ine

lastic, and 9 commercial users appear not to respondat all to price in

creasesranging between 30 to 40 percent above 13 or 16 cents per 1000 gal.

IMPLICATIONS OF THE STUDY

A problem that confrOnts most water supply planners is the projection

of regional or local water consumptionover time. Local water authorities

need to develop estimates of future demand for specific geographical dis
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tricts or service areas. Population growth, shift of population centers,

type of economicactivity and any change in its location must be predicted

for developmentand extension of water distribution systems. These are by

no means simple tasks. Strict reliance on economic demandfor forecasting

future water consumption levels on a service area by service area basis is

difficult and impractical. Findings 3, 5, and 6 in the preceding paragraphs

of the current study support the requirements approachas still a practical

means to forecasting future water needs. However, the precision of fore

casting can be improved significantly by studying and taking into account

the past trend of per capita consumption of different subsectorsof economic

activity. Water demand forecasts in the future can be made in conjunction

with land use planning and construction plans becausethe intensity of water

use in a certain tract will be dependent largely upon whether the land is

used for agricultural, urban, or industrial purposes. From this standpoint,

the relative merits of "economic demand" vs. "requirements" have been some

what overworked in the professional literature. This is, however, not to

deny the usefulnessof the economic demandconcepts in helping to analyze

the difficult problems of how the costs of additional supplies should be

equitably distributed among beneficiaries.

The pricing policy of the Honolulu Board of Water Supply is based upon

the averagecost pricing method. It stems from an institutional structure

characterizedby a financially self-sustaining and nonprofit agency. The

revenue requirement is composedof the cost of water supply. Accordingly,

the objective of the rate making policy has been the developmentof a rate

structure which results in each customer contributing to the revenueof the

utility an amount which is related theoretically to the costs incurred to

serve him. The present rate structure composedof a fixed service charge

and declining block consumptioncharge is the most common pricing in the wa

ter supply industry. The declining block consumption charge offers decreas

ing prices per unit of water in each of the successiveblocks as water con

sumption increases.

Overall price increase has been rationalized by the average cost pricing

policy on the grounds that the increasing cost of water supply and "increas

ing water consumptionper customer" is a common responsibility sharedby all

customers. However, as this study finds Findings 2, 4, and 5, there is no

evidence that most of the customershave increased their water consumption

over time.
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Indications are that water consumptionhas been increasing in areas

where construction activity has been expandingmost rapidly. Subdivision

developments,high-rise hotels and office buildings, and new industrial es

tablishments have been primarily responsible for increasing water consump

tion and thus capital investment for the Board of Water Supply.

The Board’s capital expenditures for plant addition and system improve

ments to meet growing demands have been financed from the proceedsof bonds,

operating revenues, and contributions in aid of construction. The latter

refers to new installations or extensions of the water supply system for

subdivisions by the developers where no public water supply is available.

However, the subdivision developers are reimbursed for certain costs of the

water system facilitates which they construct and transfer to the Board of

Water Supply.

Most of the capital improvement,costs, which have increasedrapidly

from 29 percent to 1962 to 34 percent of total costs, in 1970, are borne by

existing customers.

With the competitive drgwing of water from the common pool. by major us

ers and especially with the declining water table and deteriorating water

quality, and the trend of water supply costs in the future to turn sharply

upward, additional water will be available only at increasing costs. To im

pose the incremental capital costs on new customerswithout refund or revis

ing the reimbursementpolicy in such a way that could minimize subsidy from

the Board of Water Supply general revenue, may in the short run easethe fi

nancial burden of the Board of Water Supply, but undesirable social repercus

sion may extend beyond water supply, e.g., increasedcost of new housing.

Demand for water is characterizedby extreme seasonalvariation which

is causedmostly by a few classes of consumers. As disclosed by this study,

some industrial users in the Airport-Iwilei district are responsible for

nearly 30 percent of seasonalvariation of water consumptionin Service Area

1, and customerswho are living in drier areas and who have large lawns or’

water-using air conditioners are largely responsible for creating the remain

der of the peak load. Most major componentsof a water supply system e.g.,

transmission lines, pumping works, and storage facilities are designed to

accommodatemaximum daily demands. The present price structure, nevertheless,

allows those who create peak loads to pay cheaperrates per unit of water

than those who do not. Since the peak demand of water is seasonalin nature

and the capacity cost of the facilities is directly related to summer peak
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demand, the peak load pricing method is justified.

Imposing a surchargeduring the summer months, based upon the quantity

used, may be a logical means to more equitably allocate capacity cost.

These methodsmay generateenough revenuewithout an overall averageprice

increase for all customers in the future. If the rate of surcharge is "sig

nificant," it could reduce peak demandby eliminating inefficient practices

of garden watering of some customers. In recognition of these facts, the

El Paso, Texas water utility has recently raised summerwater charges and

launched an innovative program of awards for low water-using landscaping.

Price differentials to allocate costs to various classes of users and

elevations in such a way as to avoid or minimize cross-subsidization are also

desirable. Movement closer to the marginal cost pricing principle is more

desirable than the averagecost pricing in view of the efficiency of re

source allocation and equity in cost distribution, although there are diffi

cult political and institutional hurdles to overcome.

The rapidly increasing trend of groundwaterwithdrawal, ineffectiveness

of price on demandsfor water and difficulties of curbing construction by

the Board of Water Supply Findings 1, 5, 6, and 7 and their extended inter

pretations immediately raise the question of groundwater resource conserva

tion. Complications arise becauseOahu’s groundwater is a fugitive resource

and the Board of Water Supply is only one of the major pumpersof ground

water.

A least squarestrend equation fit to total water withdrawals data dur

ing the period of 1960-1971 indicates water consumption level may reach 525

mgd, the maximum developable amount of water, in the early 1980’s, if the

past trend of water consumptioncontinues over time. The consequencesof

continuing water developmentbeyond the critical zone are twofold. The phys

ical consequencesare impairment of storage capacity and transmissivity of

the freshwater aquifer, and quality deterioration causedby seawater intru

sion into the freshwater zone. The social consequencesare the development

of expensive alternative sourcesof water supply desalting, reuse of sewage

effluent with the higher prices passedon to consumersand the possibility

of premature economicdecline of industries dependentupon cheaperwater.

Groundwaterobtained from a common poo1 is a classic example in which

social and private costs or benefits diverge. Each individual considers only
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the effect of his pumping upon the water level in his well and does not con

sider the fact that his pumping will adversely affect all those who hold in

terest in the pool.

The necessity of large scale conservationpractices has been recognized

by involved parties on Oahu but little has been accomplished. The reasonap

pears to be that distribution of social costs and benefits may not accrue e

quitably to all parties involved. Another reasonmay be the lag betweende

fining groundwaterproperty rights and advancinghydrologic knowledge. The

correlative right doctrine of artesian water in Oahu was establishedwhen

hydrologic knowledge was not fully understood. The rigidity of water rights

based upon overlying land ownerships leads every user to protect himself

against intervention by others. This stems from the indefiniteness of ground

water property rights.

Thus, investment for rechargefacilities and transfer of water among

major users may be deferred as long as this imbalanceof costs and benefits

exists. Proper location of wells and shafts and adjustment of pumping pat

terns in accordancewith the optimal physical functioning of the aquifer are

unlikely to come about unless the tenure uncertainties are either reducedor

made economically unimportant.

Since water supply is essentially a social problem, the practical ap

proach to dealing with the situation is, first, to recognize social insti

tutions as important tools for groundwater conservation. Such institutions

rules that control decision making at the operating level might be devised

and superimposedover the natural resource in such a manner as to allow for

managementof the resource as if it were under single ownership. This does

not necessarily imply government appropriation of water rights nor does it

imply the creation of a super agency. The application of certain kinds of

rules would, however, require administrative support from existing agencies.

The Honolulu BWS rules and regulations which are from time to time, revised

administratively to meet new situations is a case in point. Unified manage

ment, on the other hand, where water property rights are in the hands of

many overlying landowners, does suggest some form of collective effort. The

voluntary Oahu GroundwaterUsers ‘Association is also a case in point in this

regard. And going even further, so is the State Ground-WaterUse Act HRS

1961, Chap. 177 a legislative enactmentwhich provides for strong adminis

trative action on the part of the State Board of Land and Natural Resources
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in the caseof a successful petition 177-5.5 to designate a "critical

area or conditions" for regulation. These are existing institutional struc

tures that have required various forms of collective action in the past.

There is always room for improvement and the pressuresfor institutional

change are ever present, perhaps greater in recent times than before.

Unified managementthrough collective effort requires a clearly stated

policy goals to which institutional means rules, etc., can be oriented.

Such a policy goals might be expressedin such ideal terms as maximizing

the net social benefits of groundwater resource developmentand use over

time. Conceptually, such a goal would correspondto a socially optimum state

of groundwaterconservation.

In practice, however, and allowing for uncertainties economic, envi

ronmental, etc., a more modest and operational objective would be to main

tain a safe minimum standard of groundwater conservation. Such a safe mini

mum standard could be defined in terms of modern refinements in the sustain

able yield concept of groundwater hydrology, and could be adjusted over time

to reflect the changing state-of-the-art. The maintenanceof such a safe

minimum standard would eventually require investments to improve groundwater

recharge and alterations in pumping patterns over both space and time. Also

conjunctive use of ground- and surface waters, and the direction of techno

logical progress in developing alternative sourcesof water through reclama

tion and reuse of waste water, desalt of brackish and sea water, etc., are

all part of a well-coordinated managementprogram that is consistent with

maintaining a safe minimum standard of groundwater conservation.

Cost therefore would be involved but, of course, such costs should not

be incurred unless the benefits promised are greater than the costs. These

costs could then be made substantially smaller than that which would have to

be borne inevitably by water users and the water economy if further develop

ment and use of the groundwaterbasin were allowed to continue without more

effective unified management.

Cost distribution policy takes on greater significance, in that the dis

tribution of costs and the resultant benefits in order to be consistent

with the least cost maintenancea-f the safe minimum standard, would have to

be accomplished in such a manneras to reduce the imbalance in costs and

benefits among water users on the island. This would, in turn, require

greater flexibility for fiscal manueveringwithout necessarily jeopardizing
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responsible managementdecision-making with excessivepolitical distractions.

In this context, opportunities for expanding the fiscal base for water man

agement are always present.

Such a fiscal device as the so-called "pump-tax" which assessesground

water pumpers, both private and public, on a per unit volume basis, has been

used successfully in various modified forms and in conjunction with other

fiscal powers by many local water authorities elsewhere. Over two decades

of experience have been developedwith this fiscal device in such places as

southern California and perhaps just as much or more in other areas in the

U.S. and abroad where managementhas had to be refined in the interest of

water resource conservation.

The potential impact of the "pump-tax" to encourageand bring about

means for more effective water managementat the local level is considerable.

This has also been recognized recently in the National Water Commission’s

report, Water Policies for the Future 1973 where it is clearly pointed out

that there should be no legal obstacles involved in implementing such a fis

cal device since water rights are property and, like other kinds of property,

can be subject to assessments.

On the other hand, since a multiplicity of property rights are involved

and feelings can run very high, the greatest obstacle lies in the fact that

private and public vested interests must be protected, otherwise the whole

issue of "taking" of property enters. Current concern over this issue runs

high at both the local and national scenesand involves deep rooted philo

sophical thoughts about the proper role of governmentin balancing the pri

vate and social interests in the exercise of property rights.

Recent experienceswith water rights and government in water affairs

in Hawaii are only indications of the strong continuing public interest in

matters of water managementand administration in Hawaii. Experience else

where with the "pump-tax" has generally followed such strong public concern

for better managementof their respective natural undergroundwater resources.

Initial use of the "pump-tax" in certain jurisdictions in the western United

States has been primarily to finance the purchaseof replenishment water

from outside sources, a situation not necessarily applicable to Oahu. How

ever, more important to Oahu’s concerns is the data generating feature of

the "pump-tax". Over time the "pump tax" program has become a primary source

of data for public monitoring on a continuing basis of the unseenunderground

aquifers. This has led to better understandingof the hydrologic functioning
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of the undergroundaquifers and, eventually, a clear basis for showing how

alterations of pumping patterns and compensatingredistributions of surface

water deliveries on a firm basis could benefit the different water users

in an equitable manner. A complementaryfiscal device to the "pump-tax",

the equity assessment,was an important contributing factor to making such

alterations in pumping patterns politically feasible.

Institutional innovations are key elements to improving water manage

ment on Oahu. By the establishment of a clear and feasible policy objective

such as a safe minimum standard of groundwater conservation and the pro

vision of fiscal means such as the complementary"pump tax" and equity

assessmentsto equitably distribute the costs of maintaining such a stan

dard water management,whether through existing and/or new organizational

arrangements,can go a long way toward mobilizing the otherwise constraining

effects of the deep rooted philosophical forces that underlie any system of

property rights in water.
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APPENDIX B. AVERAGE M:>NTHLY RAINFALL DISTRIBUTICl-J OF SELECTED RAIN GAGE STATIONS" 1960-1971 

YEAR J~. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. OCT. f\OV. DEC. ANNUAL 
RAINFALL 

(in inches) 

1960 1.72 2.01 4.06 1.00 3.49 0.96 0.90 1.12 1.49 2.90 1.88 4.72 26.25 

1961 5.31 2.90 0.81 1.24 1.46 1.71 1.54 1.14 1.24 4.61 4.34 2.19 28.49 

1962 4.05 3.31 6.34 2.64 1. 78 0.64 0.93 0.80 1.37 2.27 0.35 3.49 27.97 

1963 11.57 1. 74 11.35 14.17 4.06 1.23 1.95 0.63 2.10 2.03 0.72 2.60 54.15 

1964 3.65 1.11 5.88 2.15 0.95 0.48 2.52 0.94 1.14 1.89 4.22 8.84 33.77 

1965 3'.90 3.78 1.59 3.86 6.99 0.84 2.48 1.49 1.98 7.10 15.81 8.10 57.92 

1966 2.65 6.42 0.80 0.83 1.37 0.41 1.51 1.30 0.90 3.60 11.24 3.22 34.25 

1967 2.23 3.61 7.73 2.78 3.27 1.96 2.49 4.15 1.58 2.43 4.02 12.03 48.28 

1968 8.42 3.21 4.84 3.89 1.45 0.56 0.95 0.39 2.19 3.86 5.61 11.53 46.90 

1969 10.60 4.03 3.03 1.91 1.81 1.01 1.86 1.07 1. 76 1.22 4.07 3.54 35.91 

1970 4.22 0.99 0.43 2.23 1.25 0.67 2.37 0.77 1.01 2.85 8.68 2.45 27.92 

1971 11.02 2.20 4.66 4.15 0.91 3.24 0.39 0.82 2.09 2.11 2.30 3.78 37.66 

AVERAGE 5.78 2.94 4.29 3.40 2.40 1.14 1.66 1.22 1.57 3.07 5.27 5.54 

S.D. 3.6 1.5 3.3 3.6 1.8 0.8 0.7 1.0 0.5 1.6 4.6 3.6 

SOURCE: U.S. DEPT. OF COMMERCE" 1960-1971. 
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Appendix C. Eleven Homogeneous Subdistricts by Pressure Zones
within Service Area 1 of the Board of Water Supply

DESCRIPTION. Regroupingof Service Area into 11 homogeneoussubdis

tricts was feasible becauseService Area 1 is the most hetergeneousarea in

terms of industrial, commercial, multiple family dwellings, and single

family dwellings. Yet, the same categories are relatively well clustered

together within one area and separable from other different categorical

groups by geographical boundaries. The division was done by regrouping 125

Board of Water Supply pressurezones in Service Area 1 according to the land

use zoning map of the City and County of Honolulu. The pressure zones are

divided by the meter reading routes according to water pressure levels and

by streets into small tracts. Since land use zonings such as industrial,

commercial, and single and multiple family dwelling residential areas are

zoned along the streets, it was relatively easy and reasonable to put this

regrouping together.

The designatedsubdistricts are as follows:

1. The Airport-Iwilei district stretches from Honolulu International

Airport to Honolulu Harbor and consists of the Airport Industrial Park,

MapunapunaIndustrial Park, and Iwilei Industrial Center. The district lies

between KamehamehaHighway and the sea. Major industrial complexes located

in this district are pineapple canneries, a gas company, iron works, tropi

cal juice and beveragemakers, a can manufacturer, asphalt and concrete mix

companies,milk- and juice-carton makers, a chemical fertilizer plant, a

flour mill, and many other smaller industrial establishments. The resident

population of this district was about 2.1 percent of Service Area 1 in the

census year 1970.

2. The Salt Lake-Moanaluadistrict incorporates the region west of

Fort Shafter ridge and east of Moanalua drainage basin. Moanalua Gardens,

Foster Village, Halawa Housing, Lakeside-CampCatlin and Aliamanu Housing

are in this district which has predominantly single family dwellings and has

beenbooming in residential construction for the past several years. The

residential population was 6 percent of the 1970 censuspopulation of Ser

vice Area 1.

3. The Kalihi district lies to the north of Lunalilo Freewayand in

betweenFort Shafter ridge and Kalihi-Moole ridge. The district is charac

terized predominantly by single family dwellings and has been relatively
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stable in terms of physical development,such as construction activities.

The population of this district is 14.4 percent of the 1970 census of Ser

vice Area 1.

4. The Nuuanu district is boundedon the west by Kalihi-Moole ridge,

on the east by the Pacific Heights face of Tantalus and on the south by

Lunalilo Freeway. This district is also predominantly a single family dwel

ling area with little construction activities. About 8.2 percent of Hono

lulu’s population resides in this district.

5. The Downtown-Ala Moana district includes the heart of the downtown

business district and stretches to the Ala Wai Canal containing the seaward

area of Kapiolani Boulevard. This district has been booming in the construc

tion of high-rise office buildings and stores and also includes most of the

state and city governmentbuildings and the Ala Moana Shopping Center. It

is predominantly a commercial district with approximately 6 percent of the

population of Service Area 1 residing in this district.

6. The Makiki-Moiliili district consists of the central portion of

Service Area 1. This area forms a rectangular shape bounded by Punchbowl,

Ward Avenue, Kapahulu Avenue, Kapiolani Boulevard, Ala Wai Canal, and Dole

Street. There are many commerical establishmentsalong the major streets

as well as densely clustered apartmentbuildings off the main streets.

High-rise apartment-condominiumconstruction has been active in recent years

and the largest portion of the population of Service Area 1, about 23 per

cent, resides in the district.

7. The Waikiki district constitutes the area south of the Ala Wai

Canal toward the beach and stretches from the mouth of the Ala Wai Canal

to the foot of Diamond Head Crater. This is the smallest district in Ser

vice Area 1 but the most populous. The district is almost entirely de

voted to tourist-related commercial activities such as hotels, apartment-

hotels, restaurants, shops, and travel agencies. Construction in this dis

trict has been so tremendousthat the skyline has completely changedduring

the last decade. The resident population in the district is about 5 per

cent of the total for Honolulu, but when the resident equivalent tourist

population is included, the total population increases to 13.7 percent.

8. The Manoa district lies east of the Forest Reserveboundaryridge,

west of Waahila Ridge, and north of the University of Hawaii. Relatively

little construction has taken place in this district. The resident popula
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tion is about 6.2 percent of the total population of Service Area 1.

9. The Kaimuki-Palolo district consists of Pablo Valley, Wilhelmina

Rise, Kaimuki plain, and the north slope of Diamond Head. There are many

commercial establishmentsalong the main streets but single family dwellings

are dominant in this district. Construction activities have been relatively

limited except for the subdivisions of ChaminadeTerrace and Chaniinade

Heights in recent years. This district contains 17.6 percent of Honolulu’s

population.

10. The Kahala-WaialaeIki district is boundedby Diamond Head,

Kalanianiole Highway, and the sea and includes the Waialae-Iki subdivision

across the highway. This district is characterizedby single family resi

dential areas of high income families. Construction activities in this

district have been active especially in the Waialae-Iki subdivision for the

past few years. This district contains 2.6 percent of the population of

Service Area 1.

11. Finally, the Hawaii Kai district includes the remainder of Ser

vice Area 1 which stretches from Ama Haina Valley to Koko Head. It is

predominantly a single family housing area with new residential subdivisions

developing since 1959. This district is still in very active residential

construction. Its residential population accounts for 8.5 percent of Ser

vice Area 1.

GROUPING BY PRESSURE ZONE SERVICE AREA 1

1. AIRPORT-IWILEI AREA
1112 Mapunapuna
1113 Airport-Damon Tract
1131 Kalihi Kai
1140 Iwilei
1150 Piers

2. SALT LAKE-MOANALUA AREA
1110 Lakeside, Camp Catlin
1111 Foster Village and Halawa
1120 Halawa Quarry
1130 Moanalua Garden
1210 Aliainanu, Military Housing
1220 Tripler Hospital

3. KALIHI AREA
1133 Middle St.
1134 Kalihi-Waena
1135 Bishop Museum
1136 Houghtailing and Konia St.
1137 Houghtailing and Alani St.
1143 KapalamaSpring

3. KALIHI AREA contd
1144 Kuakini St. Extension
1400 Middle St. and School St.
1401 Upper Kam IV Road
1402 Kamanaiki Valley
1403 Wilson Tract
1410 Alewa Heights
1411 Liliha St.
1412 Kam Terrace
1700 Upper Kalihi Valley
1701 Kalihi St.

4. NUUANU AREA
1145 Lanakila Park
1154 JapaneseConsulate
1155 KawananakoaSchool
1413 Ilima Drive
1420 NuuanuCemetery
1421 Puunui
1422 Jack Lane
1423 0ff Jack Lane
1430 Pauoa School

a
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4. NUUANU AREA contd 9. KAIMUKI-PALOLO AREA contd.
1520 Alewa Heights 597 Res. 1376 Ama Koa 865 Res.
1620 Alewa Heights 850 Res. 1377 Ama Koa 1100 Res.
1720 Nuuanu-Laimi Tract 1378 Ama Koa 1370 Res.
1721 Country Club Road 1460 Lower St. Louis Heights
1722 Old Pali Road 1470 Pabobo-lOthAve.
1730 Pacific Heights Road 1471 Pablo School
1731 Upper Booth Road 1472 St. Louis College

5. DOWNTOWN-ALA MOANA AREA 1480 Harding Ave.
1481 Kaimuki Ave.

1132 Farrington High School 1482 Crater Road
1141 Aala-Kauluwela 1484 Claudine St.1142 Kohou-Kokea St. 1560 St. Louis Heights 640 Res.1151 Merchant St. 1570 Waiomao Subdivision1152 Civic Center 1571 Carlos Long Tract
1153 Smith and Pauahi St. 1660 St. Louis Heights 865 Res.1160 Kakaako-Ala Moana Center 1661 St. Louis Heights 1100 Res.

6. MAKIKI-MOILIILI AREA 1770 Wilhelmina Rise 605 Res.
1156 Hongwanji Temple 1771 Wilhelmina Rise 811 Res.
1163 Ala Wai Golf Course 1772 Wilhelniina Rise 1100 Res.
1164 Kaimuki High School 1776 Waiomao
1165 Coyne St. 10. KAHALA AREA
1166 SheridanTract 1171 Waialae Kahala 11167 McKinley High School 1172 Waialae Kahala 21168 Hawaiian Mission Academy 1173 Golf Course Additionll69a Wilder and Metcalf
l169b Lower Waahila 11. HAWAII KAI AREA
1431 Kanealii-Punchbowl 1174 Kalani High School
1432 Lower Papakolea 1180 Wailupe Circle
1440 Roosevelt High School 1181 Kuliouou
1441 Ualakaa St. 1182 Niu Valley
1740 Tantalus 1183 Ama Haina Koko Head
1741 Papakolea 1184 Ama llama Central
1742 Makiki Heights 1185 Keikilani Circle
1743 Lower Round Top 1190 Koko Head Triangle

1191 Lunalibo Home Road7. WAIKIKI AREA 1192 Kamilonui Valley1161 Waikiki 1193 Hawaii Kai Marina
8. MANOA AREA 1273 Waialae Iki 405 Res.

1450 Judd Hillside 1274 Kalaniiki St., Mauka
1451 ManOa School 1283 Ama Haina, Mauka
1452 Lower Manoa Koko Head
l4S3 Woodlawn 1284 Ama llama, Mauka Ewa
1454 University of Hawaii 1290 Koko Head Triangle
1750 Feahi St. Upper
1751 Kumu St. 1291 Koko Crater
1752 Woodlawn Terrace 1373 Waialae Iki 405 Res.

9. KAIMUKI-PALOLO AREA
1162 Kapahulu
1170 Kaimuki Intermediate School
1175 Star of the Sea School
1275 Ama Koa 405 Res.
1375 Ama Koa 640 Res.



APPENDIX D. ESTIMATION OF CHANGING PER CAPITA CONSUMPTION BY 11 SUBDISTRICTS 
IN SERVICE AREA 1, 1968-1971 

AVERAGE DAILY WATER AVERAGE 
CONSUMPTION PER SERVICE PERSONS PER CAPITA DAILY CONSUMPTION 

DISTRICT 1968 1969 1970 1971 PER SERVICE 1968 1969 1970 1971 

AIRPORT - IWI LEI 4797.4 5167.9 5173.6 4531.8 4.30 1115.7 1201.8 1203.2 1053.9 

SALT LAKE-MOANALUA 554.1 623.1 699.9 657.8 4.28 129.5 145.6 163.5 153.7 

KALIHI 713.1 727.0 731.4 712.4 7.36 96.9 98.7 99.4 96.8 

NUUANU 615.6 619.2 614.2 621.9 5.32 115.7 116.4 115.5 116.9 

DOWNTOWN-ALA MOANA 2513.2 2624.3 2813.0 2891. 7 6.81 371.2 387.6 415.5 427.0 

MAKIKI -MOl LI I LI 1233.4 1248.1 1325.6 1331.7 8.48 147.2 148.9 158.2 158.9 

WAIKIKI 4357.6 4902.5 5453.0 6190.4 12.43 350.6 394.4 438.7 498.0 
076.8) 074.7) 090.5) (207.9) 

tW-JOA 603.8 584.5 628.2 634.9 5.03 120.0 116.2 124.9 126.2 

KAIMUKI-PALOLO 643.4 664.9 690.5 626.4 4.93 -130.5 134.9 140.0 127.1 

KAHALA-WAIALAE IKI 1015.7 1093.0 1120.6 1127.2 3.52 288.6 310.5 318.4 320.2 

HAWAII KAI 663.5 641.7 662.8 697.5 3.93 168.3 163.3 168.7 177.5 
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Appendix E. Sample Design and Questionnaires

SAMPLE DESIGN. The primary objective of the sample study was to esti

mate the averageresidential per capita daily water consumption and to ob

serve its change over time. The other objectives were to determine the

impact of water price changes upon residential water consumptionand to

compare seasonalvariation of water consumptionbetween single family and

multiple family dwellings.

For these purposes, random sampling was set up covering all of the ser

vice areas of the Board of Water Supply. Since a mail survey was adopted, a

mailing list was compiled containing about 1000 service connections selected

from approximately 100,000 connections, from the bimonthly billing lists of

Board of Water Supply which cover practically all residential services. The

sample was distributed in proportion to the number of persons served in each

service area by the method of systematic random sampling. The smallest ser

vice areas 3, 4, and 5 which turned out to have less than 15 items each were

given more weight so that they would have 15 each. The total mailing list

contained 1020 sample units. The selected services for sampling were then

classified as services for single family or multiple family dwellings by

utilizing maps of service connections from the BWS files. In the absenceof

maps, judgment was used by looking at the size of the meters and the loca

tion of the service.

Two different questionnaireswere designed, one for single family dwel

ling services and the other for multiple family dwelling services. The

questionnaires were mailed to the occupantsor resident managersof the ser

vice locations during January 1973. A total of 294 questionnaires were re

turned Table A. Complete bimonthly consumptiondata were obtained for the

1968-1971 period from meter reading books at the Board of Water Supply.

To calculate the average per capita daily water consumption for single

family dwellings, the number of person’ living in the residencewas used.

It was as umed that the numberof persons living in the householdhad not

changedduring the 1968-1971 period. For multiple family dwellings, the

numberof occupantsin each unit Qf the dwelling was not asked in the ques

tionnaire becauseresident managersor owners of apartment buildings often

do not know the number of occupants. This is partly due to the relatively

quick turnover rate of occupancy and to absenteeownership of the property.



TABLE A. DISTRIBUTION OF BIMONTHLY SERVICES, POPULATION, AND SAMPLES BY SERVICE AREA 

NO. OF BItvnNTHLY POPULATION PERCENTAGE OF 
SERVI CE AREA SERVICESa SERVEOa MAILED RETURNED RESPONSE 

1. HONOLULU 53,489 (52.9) 309,454 (59.1) 590 174 [42] 29.5 

2. KANEa-iE 19,063 (18.8) 81,371 (15.5) 155 48 {2] 30.9 

3. HAWLA 1,166 ( 1.2) 3,980 ( 0.8) 15 0 0 

4. KAHUKU 630 ( 1.0) 2,398 ( 0.5) 15 2 13.3 

5. WAIALUA 1,609 ( 1.1) 6,071 ( 1.2) 15 2 13.3 

6. WAHIAWA 5,053 ( 5.0) 23,788 ( 4.5) 45 14 [1] 31.1 

7A. WAIANAE 3,535 ( 3.5) 20,598 ( 3.0) 40 13 [1] 32.5 

7B. WAIPAHU 6,525 ( 6.5) 34,415 ( 6.6) 66 19 [1] 28.8 

8. PEARL CITY 10,046 (10.0) 41,755 ( 7.9) 79 22 27.8 

TOTAL 101,116 (100%) 523,830 (100%) 1020 294 [47]' 28.8 

a FIGURES AS OF APRIL 1, 1970. 
FIGURES IN ( ) ARE PERCENTAGE OF TOTAL. 
FIGURES IN [ ] ARE NO. OF MULTIPLE F.AMILY DWELLINGS. 
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Instead, the number of units and the numberof bedroomsper unit were asked.

From this information, the number of occupantsof each multiple family

dwelling was estimatedby utilizing the averagenumber of occupantsby num

ber of bedroomsper unit which was obtained from 1970 censusdata.1 Forty

questionnaireswere discardedbecausethey either were not filled out prop

erly or did not have continuousservice records during the 1968-1971period.

1. The averageoccupantsby numberof bedroomsper unit was obtained from
Robert D. Schmitt, State Statistician and CensusTracts Key Personfor Hawaii.
The averageoccupantsare: studio, 1.2 persons; 1 bedroom, 2.0 persons; 2
bedrooms, 3.1 persons; 3 bedroomsor more, 4.5 person.
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QUESTIONNAIRE

WATER RESOURCES RESEARCH CENTER
UNIVERSITY OF HAWAII

in cooperation with the

HONOLULU BOARD OF WATER SUPPLY

AStudy of Water Demand inOahu

Survey Questi onnai re

Your Honolulu Board of Water Supply water service connection

number and its location:

Water service number:

Location:

Your addresshas been selectedat random as a single residential

unit house. If this is not the case, pleasecheck the appropriatebox

* below and return the questionnaire to us. If this is a single residen

tial unit, please skip the boxes below and go directly to Question 1 in

the questionnaire.

Multiple residential unit apartment, townhouse, etc.

Commercial unit

C Industrial unit

Other_________________________________________________

1. Do you have any alternative sources of water supply other than the

Honolulu Board of Water Supply source regardlessof whether you are

using it or not?

Yes > Pleaseindicate the nature of this other

N
sources of water supply. e.g. well,

‘ rainfall catchmenttank, stream, etc.

Are you using this other water source
currentby? Yes C No
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2. Pleaseindicate the numberof years you have been living at this

address.

years

3. Do you own this home or are you renting?

C Own ‘> Is your land fee-simple or leasehold?

C Renting C Fee-simple

1 Leasehold

Other

_____________________

4. How many people including yourself lived at this addressin

1971?

persons

5. Are any of those people roomers or boarders?

C Yes -> How many are roomersor boarders?

C No
persons

6. How do you pay for your water?

Paid directly to the Board of Water Supply

C Paid by landlord

Other
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Outdoor lawn yard and/or garden .

Dishwasher

Garbage

disposal

Swimming

pool

Fish pond or water

garden

Water cooling central air-conditioner

Water fountain sprouting type .

Washing

machine

8. Pleaseindicate which income bracket your

income for 1971 falls within i.e., total

all sourcesin 1971.

7. Pleaseindicate whether or not you have eachof the items listed

below for the personal use of your family.

Yes No

C C

C C

C C

C

a

gross annual household.

householdincome from

less than $5,000.

$5,001 - $10,000.

$10,001 - $15,000

$15,001 - $12,000

$20,001 - $25,000

$25,001 - $30,000

over $30,000 .

check one
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QUESTIONNAIRE

WATER RESOURCES RESEARCH CENTER
UNIVERSITY OF HAWAII

in cooperation with the

HONOLULU BOARD OF WATER SUPPLY

A Study of Water Demand in Oahu

Survey Questionnaire

Your Honolulu Board of Water Supply water service connection

number and its location:

Water service number:

Location:

Your addresshas been selected at random as a multiple residential

unit apartment, condominium. If this is not the case, pleasecheck

the appropriatebox below and return the questionnaireto us. If this

is a multiple residential unit, pleaseskip the boxes below and go

directly to Question 1 in the questionnaire.

C Single residential unit

C Commercial unit

C Industrial unit

C Other__________________

1. Do you have any alternative sources of water supply other than the

Honolulu Board of Water Supply source regardlessof whether you are
using it or not?

Yes ---.----> Pleaseindicate the nature of this other

No sources of water supply. e.g. well,
rainfall catchmenttank, stream, etc.

Are you using the other water source
currently?

Yes No
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2. How high does the building rise?

_________stories

3. How many dwelling units or householdapartment units are served

by this water service connection?

Studio: units

1 bedroom: units

2 bedrooms: units

3 bedrooms: units

4 bedrooms: units

5 bedroomsor more: units

TOTAL: units

4. How is the total water bill to the Board of Water Supply distributed

to the occupants?

Included in the regular rent or lease

Privately installed meteredbasis

Other

5. Which of the following items are on the premisesfor the common use

of occupants?

Yes No

Outdoor lawn yard and/or garden

Swimming pool

Fish pond or water garden

Water cooling central air-conditioner C C

Water fountain sprouting type C C

Washerette laundry facilities for common use . C C

Other major water using facilities____________
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APPENDIX F. CHANGE OF PER CAPITA DAILY WATER CONSLIvIPTION,
VALUE OF CONSTRUCTION COMPLETED, AND RAINFALL
IN OAHU, 1960-1971.

PER CAPITA VALUE OF INCRENTAL

YEAR
DAILY WATER
CONSIJPTION

CONSTRUCTION
COMPLETEDa
in mflflon

dollars

AMIUAL
RAINFALLb
in In.

CHANGES OF
ANNUAL RAINFALL

In in.

190 139.3 262 C245 26.25 --

1961 138.9 250 C225 28.49 2.24

1962 147.3 245 211 27.97 - 0.52

1963 141.7 246 202 54.15 26.18

1964 151.0 293 231 33.74 -20.41

1965 146.4 311 236 57.92 24.18

1966 158.1 337 241 34.25 -23.67

1967 150.2 335 230 48.28 14.03

1968 165.2 426 280 46.90 - 1.38

1969 170.8 577 C365 35.91 -10.99

1970 180.2 722 432 27.92 - 7.99

1971 177.4 631 359 37.66 9.74

a BANK OF HAWAIi 1972, P. 42. FIGURES IN C REAL VALUE OF CONSTRUCTION

b COMPLETED, 1958 CONSTRUCTION COST INDEX = 100.
CALCULATED FROM EATA OF U.S. DEPT. OF COt+IERCE, 1960-1971. SEE ALSO
APPENDIX B.

Appendix G. Water Pricing Policy of the Honolulu
Board of Water Supply

The Honolulu Board of Water Supply is a nonprofit self-supporting

agencyand operatesentirely on revenuesderived from water sales. To

function independently,the Board was endowedwith a host of fiscal powers,

which include setting the water rate, issuing of revenuebonds, and ac

quiring band by eminent domain for water supply. The Board has some con

servationpower to prescribeand enforce regulations to prevent the waste

and the pollution of groundwater. The Board also has the power to seal

permanentlyprivate wells. In times of shortageor threatenedshortageof

water or of dangerto potability of groundwaterby overdraft, the Board

can restrict the drawing of water from the groundwaterbasin.
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The Board’s practi.ce of setting water charges is one that conforms

essentially to the averagecost pricing principle. This stems from an in

stitutional structure characterizedby a financially self-sustaining agency.

The Charter of the City and County of Honolulu gives the Board the power to

fix and adjust reasonablerates and charges for furnishing water. It fur

ther provides that the revenuewhich is derived from water sales shall be

sufficient to meet all necessaryexpenditures including expenditures for:

1 operation and maintenanceexpense, 2 repairs, additions, and exten

sions, 3 accident reserve, pension charges, and compensationinsurance,

4 payment of principal and interest on all bonds issued for acquisition

or construction of water works and extensions, and 5 reserve fund for the

purposeof financing major replacementof up to 15 percent of the gross

revenue in any fiscal year City and County of Honolulu 1973, Article VIII,

Secs. 8-109.

The financial requirement namely, "sufficient revenue" of the Board of

Water Supply, is customarily referred to as "revenue requirement" which is

composedof the costs of water supply. Accordingly, the objective of the

rate-making policy has been the developmentof a rate structure which re

sults in each customer contributing to the revenue of the utility an amount

which is related to the costs incurred to serve him.

The primary sourcesof revenue of the Board of Water Supply can be

divided into two major èategories: water revenueand deposit interest.

Water revenue is derived from water tolls and service charges; water tolls

are consumptioncharges based on the metered quantity of water delivered.

The rate schedule is a declining block type which is the most common pricing

method used in the water supply industry. It offers decreasingprices per

unit of waterin each of the successiveblocks of water used. The cost in

each block is added to the total accumulatedin earlier blocks. This rate

schedule offers a successively lower averagerate per thousandgallons as

the quantity consumedincreases, but the total charge always rises. The

customer’s bill is calculated monthly or bimonthly. The service charge is

a fixed amount chargedto each customer assessedon a monthly or bimonthly

basis. It increases with meter size, and applies regardless of whether the

customer consumeswater or not.

The expenditure of the Board of Water Supply is also divided into two

rough categories: fixed costs and operating costs. Fixed cost dQes not
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vary with water quantities delivered at a point in time. Examples are the

repayment of bond, principal, interest, and depreciation costs. Operating

costs are those expensesassociatedwith the actual operation of the water

system at a point in time. A portion of the operating expensesvary with

the quantity of water sold or the number of customersserved. Examples are

labor, water purchased,and power and pumping. Some of the operating costs

are semifixed, suchas,administration, maintenanceof transmissionand dis

tribution systems, meter reading, and billing.

The principles used in setting the rate schedulewhich went into ef

fect at the end of 1970 are as follows:

1. Project revenuerequirementsfive years into the future basedon
trend of the past five years and project actual revenuefor the
same period with the existing rate structure. About a 25 percent
deficit was expectedat the end of five years with existing rate
structure.

2. Compute the "cost-of-service" which distributes the costs of the
system for the present year 1970 according to the cost of the
service base and allocate the costs which should be recoveredfrom
service and water sales charges.

3. Readjust the existing rate schedulein such a way that new rates
just compensatefor the expected25 percent deficit after 5 years.
This processalso reflects the Board’s historical practices.

To compute the "cost-of-service", the fixed costs and operating costs

are allocated into joint capacity costs and costs direct to fire service

and to general service. The latter costs are subdivided into capacity costs

per customercosts, meter costs, and production costs. Then, thesevarious

cost-of-service items are distributed into the two sourcesof revenues:

service and water charges. As a result, about 34 percent of operating ex

pensesand 40 percent of fixed costs are allocated to service charges, and

more than 52 percent of fixed costs plus 24 percent of operating coSts to

water consumptionchargesbased on the fee schedulefor the first and sec

ond billing blocks. The other 42 percent of the operating expensesand

about 8 percent of the fixed costs are apportioned on an equal per gallon

basis among all rate blocks Honolulu Board of Water Supply 1970, pp. III-l

IV-4. Seventypercent of the total revenuerequirementsor costs are thus

recovered from service chargesand the first two blocks of water charges.

Although detailed cost distributions into service chargesand the

block scheduleof water charges may be somewhat arbitrary, the basic ra

tionale underlying such charges is that increasing costs of water supply

and "increasing water consumptionper customer" is a common responsibility
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of all customers.

Appendix H. Changes of General Water Rate Schedule

OLD RATES, EFFECTIVE FROM DECEMBER 31, 1966

GPM CENTS/1000 GALS

FIRST 25,000 34

NEXT 225,000 24

NEXT 1,000,000 16

OVER 1,250,000 13

NEW RATES, EFFECTIVE FROM DECEMBER 17, 1970

GPM CENTS/1000 GALS

FIRST 50,000 37

NEXT 350,000 30

NEXT 1,000,000 22

OVER 1,400,000 17

SOURCE: THE HONOLULU BOARD OF WATER SUPPLY.



APPEN:>IX I. TOTAL GPO WATER CONSUMPTION BY SERVICE AREAl 1960-1971 

1920 1921 1962 1961 19§4 1965 19§2 192Z 1928 19iB 19ZQ· 19Z1 
(i n 1000 ga 15) 

TOTAL OAHU 571630 591711 651095 641276 691996 691953 781216 761380 861275 921093 991854 1011251 

1 HONOLULU 421146 411703 431642 421479 451490 451933 501580 491004 541806 571758 61 1313 61 1585 

2 KANEOHE 61850 71629 81386 81326 91339 81401 91704 91459 111764 121188 131491 141346 

3 HAWLA 271 295 307 305 334 394 408 404 454 465 505 556 

4 KAHUKU 109 158 194 189 199 218 238 299 340 338 393 494 

5 WAIALUA 626 680 724 724 784 807 804 802 843 871 956 11026 

6 WAHIAWA 11754 11864 11917 11945 21047 11997 21178 2,042 21312 21737 31098 31176 

7A WAIANAE 1,926 2,157 2,193 2,323 21924 2,828 3,203 3,305 31628 41317 4,779 41623 

7B WAIPAHU 1,909 21963 51009 51168 5,758 61225 61914 61218 61973 71751 81903 81773 

8 PEARL CITY 21039 21262 21723 21817 3,121 3,150 41187 41847 51155 51668 61416 61672 

SOURCE: H<N>LULU BWS. 



87

APPENDIX U. POPULATION SERVED BY BWS BY SERVICE AREA, 1960-1971

1960a 1961 1962 1963 1964 1965

TOTAL OAHU 404,643 420,085 430,963 441,382 451,476 464,687

1 HONOLULU 278,148 282,593 284,342 286,699 288,907 292,960

2 KANEOHE 57,729 61,165 63,515 66,772 69,957 72,525

3 I-AUULA 3,221 3,322 3,384 3,440 3,611 3,827

4 KAHUKU 1,386 1,588 1,643 1,714 1,760 1,910

5 WAIALUA 5,862 5,935 5,957 6,000 6,016 6,054

6 WAHIAWA 18,326 19,451 20,188 20,413 20,533 20,859

7A WAIANAE 12,022 12,135 12,912 13,858 14,775 15,730

7B WAIPAHU 9,981 13,958 16,431 18,370 20,404 22,637

8 PEARL CITY 17,968 19,938 22,591 24,116 25,513 28,185

1966 1967 1968 1969 1970 1971

TOTAL OAHU 478,935 488,780 499,234 512,576 527,758 542,367

1 HONOLULU 297,206 299,677 302,606 306,377 310,905 313,127

2 KANEOHE 75,279 76,867 78,330 80,542 82,440 84,121

3 HAUULA 3,863 3,900 3,936 3,998 4,121 4,166

4 KAHUKU 1,931 2,228 2,326 2,427 2,470 2,568

5 WAIALUA 6,078 6,093 6,102 6,110 6,139 6,148

6 WAHIAWA 20,901 20,964 21,053 22,821 24,054 25,884

7A WAIANAE 17,377 17,940 18,860 19,222 20,707 22,568

7B WAIPAHU 25,006 26,911 29,500 32,732 34,615 38,427

8 PEARL CITY 31,294 34,200 36,521 38,347 42,307 45,358

NOTE: COEFFICIENTS OF ADJUSTMENT FACTOR OF EACH SERVICE AREA WERE CALCU
LATED BY THE FOLLOWING METHOD:
COEFFICIENT OF ADJUSTMENT = 1970 CENSUS POP. - 1960 CENSUS POP.!

1970 NO. OF SERVICES - 1960 NO. OF SERVICES
ThE COEFFICIENT IS MULTIPLIED BY CHANGES IN NUMBER OF SERVICES TO

ESTIMATE INCREMENTAL POPULATION SERVED AND THEN ADDED TO CENSUS
POPULATION TO GET 1961 POPULATION; THIS PROCESS IS ITERATED EACH
YEAR.

COMPARE 1970 CENSUS DATA IN TABLE 2 WITH ESTIMATED POPULATION OF
1971 FOR ACCURACY.a BASED IN 1960 CENSUS POPULATION, OTHERS ESTIMATED AS JULY 1 OF EACH YEAR.
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Appendix K. Maximum and Minimum Day, and Sprinkling Demand
Trend Line Equations by Service Area

Service Area 1 Honolulu

= 145,323.10 + 2,188.28T R2 - .89

min = 30,964.03 + 1,629.33T R2 - .95

spr = 14359.07 + 558.951

Service Area 2 Kaneohe

= 8,385.67 + 688.o4T R2 - .77

Q. - 4,414.41 + 515.82T R2 - .97

spr = 3,971.26 + 172.221

Service Area 3 Hauula

umax
= 314.83 + 25.69T R2 - .81

min = 184.06 + 22.27T R2 - .91

spr = 130.77 + 3.42T

Service Area 4 Kahuku

max = 86.64 + 40.371 R2 = .83

min = 62.95 + 19.51T R2 - .98

spr = 23.69 + 20.861

Service Area 5 Waialua

umax = 816.83 + 29.231 R2 = .72

min = 467.83 + 24.31T R2 = .90

spr = 394.0 + 4.92T

Service Area 6 Wahiawa

umax = 1,654.90+ 152.50T R2 = .80

= 1,204.38 + 96.61T R2 = .66

spr = 450.52 + 55.891
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Service Area 7A Waianae

umax = 2,035.49 + 301.18T *R2 = .96

Q. = 1,013.24 + 194.11 R2 = .94

spr = 1,022.25 + 107.08T

Service Area 7B Waipahu

max = 3,225.91 + 628.281 R2 = .93

min = 1,747.98 + 466.61T R2 = .84

spr = 1,477.93 + 161.6T

Service Area 8 Pearl Harbor

°nax = 1,659.84 + 548.74T R2 = .84

= 903.49 + 352.03T R2 = .96

spr = 756.35 + 196.711
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able due to the different approachesused. These studies are published in

various university researchreports, official governmentdocuments, and

professional journals.

The geographicalareas coveredin thesestudies include communities,

mostly municipalities, throughout the United States and also one in Puerto

Rico. Both cross-sectional data for inter-community analyses and time series

data for intra-community analyses are used with greater reliance on cross-

sectional data for inter-community studies. The principal analytical tool

employed is, of course, regressionanalysis both multiple and simple using

a variety of linear and nonlinear functions. Analysis of variance Guilbe

1969, factor analysis Saunders1969, and simple plotting Hanke 1970

techniques have also been used.

The most frequently appearing significant variables are income, price,

population, and environment. Half of the studies reviewed either did not

find price to be significant or simply did not investigate its impact. Most

of the studies which included income or income-relatedvariables found such

variables to be significant. A wide range of price elasticities are reported

ranging from a low of -0.15 to a high of -1.9. Similarly, income elastici

ties vary widely from +0.20 to +1.4. The task of finding satisfactory

demand-price-income-other-factorsrelationships is made difficult by the

general lack of relevant data in readily available form and the subsequent

resort to aggregation.

Readily available data are not given by categorical uses. Residential,

commercial, industrial, and public water use records are usually lumped into

a single urban aggregate. There is a strong tendency to estimate water de

mand functions by using averageprice levels and structures at a given point

of time. Looking at the price data of successful demandstudies, significant

price effects, the range of inter-regional averageprices from cross-sectional

observations is often over 200 percent, and is sometimesas high as 700 per

cent. This is probably why "intra-community" studies which lack large price

variations fail to report significant price responsiveness. There is no rea

son, however, to believe that water consumption is price responsive on an

inter-communities basis and is not responsive on an "intra-community" basis.

The responsivenessof water use to changesin price is most likely dif

ferent for each of the four major demand components. Moreover, within a com

munity, different types of users do not necessarily pay the same price per
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unit of water. The consumer’s reaction to water rate changesand the struc

tural relationship among the major users are believed to be determinedlarge

ly by the unique hydrological characteristics, economicactivities, and the

institutions of eachspecific region.

None of the studies addressthe questionof who pays the water bill.

The incidenceof payments is particularly important and must be considered

in measuringprice elasticity, especially in urban water studies. For exam

ple, the water bills of apartmentsusually paid by landlords and apartment

dwellers consist of a considerableportion of the total population in an ur

ban community. To the tenants, there is no incentive to cut down water con

sumption since the marginal price of water is zero although the cost of water

may be borne indirectly by the tenants in the form of rental payments. The

same is true for the dwellers of condominiums. The owners associationof a

condominium complex pays the water bill collectively along with other mainte

nance costs such as garbagedisposal, janitor service, elevators, and out

door lights. The water bill consists of only a fraction of the operation and

maintenancecosts.

For public or institutional water users such as schools, hospitals, air

ports, and governmentbuildings, the bill payers and water usersare entire

ly different groups, consequently,there are no incentives for users to con

serve water. The effect of water prices on commercial usershave not been

studies, but it would appearthat commercial demandis unlikely to respond

to price change. Water costs are often a small portion of the total costs

of commercial establishments. Attractive landscapingand customercomfort

through air conditioning of the establishmentsmay be regardedas part of

the fixed investment to attract customers. If the entrepreneurslease their

offices or shops in a large modernhigh-rise building complex, they most

likely do not pay the water bill. Water intensive industrial operationsare

more likely to respondto price changesthan the other categoriesof water

users. However, some prerequisiteswould be the percent of water cost to

total operation costs, whether the plant is equippedwith recirculation La’

cilities, and whetherthe plant has alternative sourcesof water supply.

The problemthat confronts most water supply planners is a regional or

local one. Local water authorities need to develop an estimateof future

demandfor a specific geographicalarea. The planning of regional water sup

ply is essentially dynamic and planners’ experiencewith per capita demand
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is considerablymore sophisticatedthan that indicated by national and state

averages. Moreover, the factors affecting changingper capita consumption

within a community may be entirely different from the factors found signifi

cant in cross-sectionalstudies. Consideringthe fact that water prices are

traditionally administeredunder the purview of public utilities commis

sions and the characteristicsof water demandvary significantly from commu

nity to community, the relevanceof such nationwide or a statewidestatic

function for policy decisionsat the local level is questionable.

Little justification is found for choosing specific variables for re

gressionanalyses. Selecting price and income may be justifiable on the

grounds of economic theory if one believes the Marshallian demandfunction

is applicable to water demand,but suchvariables as numberof bathrooms,

lot size, value of the house, temperature,plumbing units, age of dwelling

units, regional price index, value added, and employment are not fully dis

cussedand justified. Inclusion of such variables without prior justifica

tion as to how they affect water cOnsumptiontends to result in parameter

estimatesto improve the goodnessof statistical fit for the sake of statis

tical fit.

Most of the studies are basedon cross-sectionaldata and only a few

studies utilize both time series and cross-sectionaldata. The net results

of the cross-sectional studies appear to be not only crude estimations of

the effects of suchvariables as precipitation and population change, but al

so highly suspectestimationsof the effects of the price and income varia

bles. Theseproblems are compoundedby the existenceof multi-collinearity.

There is some evidencethat the aggregationof variables is an effort to a-

void the problem of multi-collinearity which may be a reason for the most

significant variables frequently being price, income, and lot size. If the

demandfor urban water were to be estimatedat an intra-community level for

major categoriesof water userswith carefully segregatedtime-seriesdata,

the possibilities of obtaining more reliable results for regional water

planning may be increased.

Annual and daily water consumptionvalues are averageconceptswith

limited meaning in urban water demand since wide seasonaland peak hourly

variations are hidden in the meanvalues. Thus, it is necessaryto supple

ment cross-sectionalanalysis of aggregatedaveragevalues with seasonala

nalysis of time series data.
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For the most part, the empirical studies do not analyze seasonal, daily,

or hourly variations in water demandwhich are very important in making water

policy decisions. Only in the Linaweaver, Geyer, and Wolff 1967 studies

are there any real concern for maximum daily demandand peak hourly demand.

The reason for neglecting these demandvariations is again probably due to

the lack of readily available data. Linaweaver, Geyer, and Wolff 1967

used various experimental devices to monitor water use variation for a con

siderable period. It appears to be very useful to segregatesprinkling de

mand from domestic in-house demand in residential areas. If the summer peak

demand for water is attributed to sprinkling demandand creates a severe peak

load problem for the system, peak load pricing principles can be applied

usefully to correct imbalances in supply and demand. Inequities in cost

distribution can also be reducedwithout any substantial administrative cost

by simply adding summer surchargesto the existing block rate structures.

Thus, the peak load pricing method has important implications for urban wa

ter supply managementbut has never been fully tested in this field, partly

becauseof the lack of convincing empirical demandstudies.

Other significant shortcomings stem from the fact that little effort

has been made to clearly separate the theoretical and the empirical conflicts

between economic demandand requirements. In many respects, many studies

which were reviewed are simply regression proceduresdevoid of substantial

economic evaluation. The concept of economic demandas a practical tool is

being challenged by some of the researchers, such as Saunders 1969, Burke

1970, and Reid 1970. For example, they regard their functional water

"demand" studies as basically falling into the requirements approachsimply

becauseeither the price variable was not investigated or price turned out

to be insignificant. Their water consumptionvariable is expressedas a

function of income, population, and temperature, but not price.

The task of forecasting future water demandbecomesmore complicated

within the demandmodel. In most water jurisdictions in the U.S., water

prices are administered and changesdiscontinuously over time. Income, on

the other hand, varies steadily over time. Forecasting future price and in

come to the level of precision required in water demandprojection is by no

means simple. As Ciriacy-Wantrup put it, superiority of a projection in log

ical validity does not necessarily mean superiority in usefulness for policy.

He further argues that "quantitative projections of ultimate water use are
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not relevant for determining when, where, and what additional quantities will

be neededand what payments should be for these quantities, becausemore

meaningful and significant policy decisions are concernedwith successivein

cremental improvement in social welfare that can be projected only in terms

of direction of changes, their relative speed,and their sequencein time"

Ciriacy-Wantrup 1959, pp. 29-32; 1961, p. 197. In fact, for any commodity,

the long run projections of demandhave been subject to revision whenever

new conditions or changesarise in the planning.
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Appendix M. A Brief Summary of the Urban Water Demand Considerations
in the National Water Comission Report 1973, pp. 14,
and 251-253. Water Policies for the Future: FinalRe

portto the President and to the Congress of theUnited
States, Washington, D.C.

The main thrust of the National Water Commission Report is to reject

the "requirements" approach in favor of the "demand" approachto national

planning of future water supplies. The report cites Hanke, S.T. Wong, Howe,

and Linaweaver, and others covered in this review to emphasizethe potential

rationing impact of pricing on urban water consumption and, in particular,

outdoor sprinkling uses. In rejecting the requirements approach, i.e.,

applying past per capita consumption trends to population projections, the

Commission adopts an urban water demandforecasting model developedby Peter

W. Witford 1970 in an unpublished doctoral dissertation at Stanford Uni

versity. Witford’s model takes into account six factors for forecasting

future water demand: regulation, pricing policy, educational campaigns,

housing patterns, supply cost, and technology of demand. Using various com

binations of these factors, 96 possible demand forecasts go up to as high as

29 percent. In addition to outdoor lawn sprinkling which was found to be

price sensitive, the only indoor use of water which appearsto be excessive

at the present time was flushing of toilets. More efficient use of water

for these purposes could be effected through a combination of improved pric

ing educational policies.



This final project report, An EconomicAnalysis of the Patterns
and Trends of Water Consumptionwithin the ServiceAreas of the
Honolulu Board of Water Supply, covers the substantiveaspectsof
Dr. Ho-Sung Oh’s Ph.D. dissertation entitled "Economics of Urban
Water Demand: A Case Study of the Honolulu Board of Water Supply"
which was completedin December 1973 in the Departmentof Agricul
tural and ResourceEconomicsof the University of Hawaii. Dr. Oh
originally came to study in Hawaii under the auspicesof an East-West
Center studentgrant earning a Master’sdegreein resourceeconomics
before conducting this study with support from an OWRT allotment
grant. Upon completion of his Ph.D. requirements,Dr. Oh was engaged
for a period of about three months by the Honolulu Board of Water
Supply to work In close cooperationwith the Board’s Planning Sec
tion of the Planning, Resourcesand ResearchDivision. The main
body for this report also reflects the additional work accomplished
while he was with the Board of Water Supply. After completing the
‘technology transfer" aspectsof the project, he returned to his

home country, Korea, where he has started on his professionalcareer.

Dr. Oh’s work should have more than just local interest. It
not only encompassesthe Honolulu Board of Water Supply but also
covers other studies that have been done for other areasin the Uni
ted Statesand Canada. Thesestudies range all the way back from
the time urban water demand studies first started to appearin the
professional literature about a decadeago. His efforts are In the
tradItion of studies that attempt to link theory and practice more
closely together. In Appendix L, "A Critical Review of the Present
State of the Art", he has summarizedand evaluatedall the available
published studies that have actually gone into some original empiri
cal work. Then he extendssome useful suggestionsfor improvements
in the future researchdesign. More detail summariesof eachof
thesestudies are contained in his Ph.D. dissertation. Appendix L
standsas a self-contained piece of work which should be of value
to practitioners and researchersalike wherever they may be. Finally,
Dr. Oh spent countlesshours compiling and organizing a large amount
of data that are not readily available elsewhereand so his compila
tions are reported in the dataappendicesfor the benefit of those
interested in suchdata.

Visiting Adjunct Professor Hiroshi Yamauchi
Dept. of Agricultural Economics Principal Investigator
University of Wisconsin, Madison WRRC, University of Hawaii




