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CHAPTER T
INTRODUCTION

The need for good quality water cannet be overemphasized because
water 1s a basic essential requirement for all living creatures and it
constitutes one of life's most valuable resources., The availlability of
good quality water in an area helps in improving health conditions es-
pecially as water is a vital requirement for a clean and sanitary en-
vironment. The progress of sanitation is closely associlated with the
availability of an adequate good quality water supply. Good quality
water, as defined by E. G. Wagner and J. N. Lanoix (1, p. 18), is that
which will not yield harmfui effects upon consumption. It is free from
poisonous substances and from excessive amounts of mineral and organic
matter.

An adequate water supply is an important element in community de-
velppment which can be regarded as an effort aimed at increasing the
economic opportunity and quality of living in a given community. Re-
cognizing the role of water in maintaining community health and community
development, federal programs have been initiated to assist communities
in obtaining adequate water facilities. The Farmers Home Administration
(FHA), of the United States Departﬁent of Agriculture, makesg loans and
grants to public and nonprofit organizations primarily serving rural
residents to enable'them to plan and develop domestic water supply and

waste disposal systems. Since 1963 when the program began, public water



and sewage systems have become an integral part of community life and
the systems have enabled communities to develop adequate supplies of
water for domestic and industrial uses and as efficient means of col-
lecting waste materials.

In Oklahoma, under the Rural Water, Sewer and So0lid Waste Manage-
ment Districts Act (820.5. Supp. 1972SS 1324,1 - 1324,26), the FHA made
loans and grants totaling more than $60 million for the construction of
over 245 completed rural water systems as of December 1, 1972 (Table I).
These water systems now provide an adequate supply of good quality water
to areas where private wells were costly to construct or were incapable
of deliveriﬁg enough good quality water. They have also saved the
users the cost and inconvenience of hauling water, which for all prac-
tical purposes was not an adequate source of water supply for domestic
uses. When these 245 rural water districts began distributing water,
they were serving 49,534 members.,

Before the rural water district program was availlable to rural
communities in Oklahoma, many rural residents‘obtained their water sup-
ply requirements ffom three main sources: (1) wells, (2) hauled water
and (3) rain water. Rural residents who are not members ¢f rural water
districts today still depend on one or more of these sources for their
water supply. Cisterns are used in many cases to collect rain water and
hold hauled water.

The decision to join a rural water district is made by the individ-
ual but this study shows that this décision is considerably affected by
such factors as adequacy of the supplies from the individual's present
gources of water, quality of the water from the individual's present

sources, the ever present need to maintain the water pumﬁs in good



working condition, and the cost of obtaining water from the rural water

districts.

TABLE T
RURAL: WATER DISTRICTS ESTARLISHED IN OKLAHOMA,; 1964-1972
(As of December 1, 1972)

Number of Rural Water Districts in Operation 245
Amount of loans ($) 56,880,640
Amount of grants (%) 3,266,210
Number of members at the start 49,534

Number of Rural Water Districts with Loans Funded
but Not Yet in Operation ' 23
Amount of loans ($) 4,068,500
Amount of grants ($) 179,000
Number of members 2,025

Number of Applications Received by FHA
for Funds to Establish Rural Water Districts 43
Amount of loans requested ($) 9,049,200
Amount of grants requested ($) 4,732,300
Number of potential members 14,629

Source: Farmers Home Administration. "Summary of Community Programs
Loan Activity in Cklahoma," (mimeo), Stillwater (1973},

Develcopment of Rural Water

Digtricts in Oklahoma

A rural water district in Oklahoma is a non-profit public body

organized to develop water systems for rural areas or towns ef not

more than 5,500 in population. Its primary function is to finance,



construct, operate and maintain a rural water supply system. The
system is owned and operated by the membership comprising persons liv-
ing within the district who purchase a benefit unit.

A rural community desiring a centrally orgénized water distribution
system first selects a committee to determine the number of potential
members of the district and. the feasibility of the water project., On
the advice of the FHA, the comﬁittee hires an engineer who prepares a
preliminary engineering report showing the estimated cost of the
system, a tentative design of the distribution system and an estimated
water rate schedule. If the costs are within reasonable limits that
would not put financial strain on the members of the district, the
preliminary report 1is submitted to the FHA.

The FHA then conducts an economic study of the community to deter-
mine the number of people which can be served by the district, the
plan of operatien of the water system and the proposed budget for the
system. If it appears that the system is sound from the engineering
and economic standpoint, the FHA authorizes the applicants te proceed
with the development of the district.

The committee then employs an attorney and circulates a petitien
among land cowners in the community to organize a water district. The
petition is filed with the Board of County Commissioners who hold a
hearing and incorporate the district as a legally constituted public
5ody@ The landowners in the district then elect directors and adept
by-laws. The directeors thereafter have the responsibility for reéuest-
ing the engineer to prepare the final pians and specifications of the

water system; they advertise for construction bids; seek applications



from prospective water users for membership in the district; and, apply
for loans from the FHA to finance the water system,

If the funds are availéble for the project and the construction
bid is within the funds available, the FHA closes the loan and depesits
the funds in the construction account of the district. The contractor
may then proceed with the censtruction of the water system. As a
community project, the success of‘the district depends on how well the
people in the community cooperate and how well the committee does its
job.

A person who owns land in the community or who lives within the
boundaries of a rural water district is not ébligated in any way except
when the person applies for water service and has been accepted as a
water user. Persons who fail to seek membership initially can later
purchase membership provided the system is not overloaded. However,
they may be required to pay én additional fee,

The land and/or personal property in the district cannet be taxed
to pay the cost of a water system. To retire its indebtedness and pay
operating and maintenance costs, a rural water district uses the
revenue from the sale of water district memberghips and from the sale
of water. Water sold by the district is metered and a meter serves
only one business establishment or one househcld. Free water service
ig not provided.

A member can purchase more than one benefit unit on his property
and each carries with it an obligation to pay a minimum monthly bill.
Each member is expected to pay his monthly bills premptly and a late
charge may be made if a bill is not paid by the prescribed time or the

water service may be disconnected as provided for in the by-laws. A



benefit unit can be transferred if the new customer receives approval of
the board of directors of the district.

The rural water district has no lien on the land of the members
for their share of the cost of the water system and the members are not
personally liable for the debts of the district. The FHA has a mort-
gégé\only on the property owned by the district.

The water lines are usually laid on privately owned lands where
they will not be disturbed and the land owners along the lines are
usually requested to grant rights-of-way since the water lines contri-
bute benefits to the lands and to the people in the community. Where
it is notvpossible to secure easements from non-members, the water lines
can be laid in the dedicated streets in téwns and along section lines
in rural areas. Payment for easement of private property to lay water
lineg is rarely done except some payment may be made for a property
easement to build water towers or to develop wells.

A water meter is normally located about five feet inside the cus-
tomer's property and each member has the responsikility to connect the
water line with a line to his héuseo Usually meters are located at the
property line adjacent to the point of use and this point is determined
by the directers and the engineer.

The rural water systems are not designed for fire protection ser-
vices but fire plugs may be installed on the water lines 1f the district
desires. The water supplied to members is expected to be good quality
water which meets the quality criteria set by the State Department of
Health.

The FHA loans are made to the districts at five percent simple in-

terest to be repaid in a period not to exceed 40 years. Grants may be



made to help finance up to about 50 percent of the development cest when
such grants are needed to reduce to a reasonable level the ché;ges that
the water users will have to pay.

The members generally read their own méters although a few districts
employ a meter reader, The books of the district are audited annually
and the water district facilities are to be maintained in such a manner

as to adequately protect the government's security., All rural water

districts are required to comply with civil right agreements.
The Problem

If rural is defined to encompass all persons ;iving outside Stan-
dard Metropolitan Statistical Areas, then 56 percent of the population
of Oklahoma was rural in 1960 (2, p. 1). If it is defined as open
country and tewns of 2,500 population or less,; then 37 percent of the
state population was classified rural in 1960 and 32 percent in 1970.
Whichever definition is used, the rural pepulation represents a signifi-
cant proportion of the total Oklahoma population. Economists frequently
regard rural development not only as providing jobs and increased in-
comes to rural people, but also making available a quality of rural
living through increased and improved community services (2, p. 1).
Ideaily9 economic growth should measure the well-being of people, in-
cluding the quality of housing, commmunity services, rcads, clean air
and water, and access to employmant opportunities and services as well
as income.

Schreiner (3, p. 2) notes that While rural America has long been
noted for its cochesive societal, fraternal, occupational, and cemmunal

groups corganized to provide commmuinity services, the pace of traditional



methods to deliver comminity services has not been adequate to meet in-
creased public demand. The community based water program sponsored by
the FHA for rural areas in CGklahoma is a part of an effort to improve
the quality of living and enhance economilc opportunity in these rural
areas. The rural water program has been very popular with the people
and the public demand for waﬁer services has been greater than was an-
ticipated for many districts. There is a high demand for membership in
the existing districts and other communities are seeking FHA loans to
establish their own water systems.

The impact of this rapid growth in Cklahoma has been enumerated by
Leonard L. Downing (4, p. 199):

". o . This rapid growth has caused several problems:

(1) We failed to provide for sufficient growth and most

systems are requesting additional funds to serve
more people.

(2) Due to lack of planning and development of sources
of supply,; we let too many small districts con-
struct a system.

(3) We failed to make the Board of Directors aware of
the responsibilities of operating a public water
system."

The rural water system program is relatively new in Oklahoma and
the problems enumerated above are not unusual in comparable situations
where there are no precedents to follow. The Fgrmer’s Home Administration
‘is‘actively working to solve these problems and it is hoped that the
results of this study will make some contributions to that effort.
Quantitative data are needed to analyze the effects on the social and
economic conditions in the areas served by the rural water districts, as

well as te evaluate the effectiveness with which the intended management

functions are being performed. When this study was initiated no specific



research information was available on economies of size, i.e., on the
possibilities of combining several contiguous districts inte larger

districts.
Objectives of the Study

The overall objective of this study was to determine the costs of
providing different amounts of water to rural communities and to analyze
the effects of the rural water districts on communities in Oklahoma.

Specifically, the objectives weres:

(1) To estimate economies of size for rural water districts in
Oklahoma.

(2) To analyze the social and economic impacts of the rural water
districts.

(3) To identify and discuss the management functions associated

with the development, operation and maintenance of rural water districts.
Selection of the Study Area

Nine Oklahoma counties were selected as the study area to reflect
different characteristics in climate, topography and rural population.
The counties selected were Cherokee, Cotton, Creek, Dewey, Kingfisher,
Muskogee, Okmulgee, Wagoner, and Woodward (Figure 1). Counties in the
western part of the state generally have flat rolling plains, low annual
rainfall and sparsely populated rural areas. Those in the eastern part
of the state have abundant rainfall, hilly terrain and are generally
deﬁsely populated. The number of rural water districts in operation as
of December 1, 1972, in the entire state of Oklahoma is indicated in

Figure 1,



AN Counties Selected for Study:

Figure 1.
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One rural water district was selected from each of six counties
mentioned above, while five were selected from Muskegee County and two
each from Okmulgee and Wagoner Counties. The sample selected thus in-
cluded districts which differ with respect to time of establishment,
distance to large urban areas and availability of other community ser-
vices such as recreation. The larger number of districts selected in
Muskogee County provide sufficient data for a quantitative impact
analysis of that county.

Size and population, by rural and urban, for the nine survey counties
are indicated in Table II. The census data show that four of the nine
counties lost population from 1960 to 1970. The population figures for
subdivisions of counties corresponding to rural water district boundaries
were not available. This made it impossible to measure within county
migrations that may have been induced by the development of rural water

districts.
Organization of the Thesis

The remainder of this study is divided into five main chapters.
Chapter ITI discusses the methedology used in this study and reviews
previous studies of related subject matter. Chapter IIT presents the
empirical results on the statistical derivation of the economies of size
curve.

The results of the social and economic impact study are reported in
Chapter IV while the findings of the management study are contained in
Chapter V. The summary and conclusions of this study are presented in

Chapter VI,



TABLE II

SIZE AND POPULATION CHARACTERISTICS OF SELECTED
OKLAHOMA COUNTIES, 1960 AND 1970

12

Land Aresa

Square Miles

1970 Population

1960 Population

County in 1970 Total Urban Rural Total Urban Rural
Cherokee 756 123,174 9,254, 13,920 '17,762° . 5,840 11,922
Cotton 651 6,832 2,611 4,221 8,031 2,825 5,206
Creek 936 45,532 23,616 21,916 40,495 23,264 17,231
Dewey 1,018 5,656 -- ‘5,656 6,051 -- 6,051
Kingfisher 904 12,857 4,042 8,815 10,635 3,249 7,386
Muskogee 818 59,542 37,331 22,211 61,866 38,059 23,807
Okmulgee 700 35,358 21,610 13,748 36,945 22,502 14,443
Wagoner 563 22,163 7,287 14,876 15,673 4,469 11,204

" Woodward 1,251 15,537 8,710 6,827 13,902 7,747 6,155

Source: U. S, Department of Commerce, Bureau of
Census of Population (1970) Table 9.

the Census. U.

S.



CHAPTER II

METHOPOLEGCY AND REVIEW OF LITERATURE

Concepts of Economies of Size

The provision of a public service has a number of dimensions; the
major ones are production costs and distribution costs. Unlike private
firms that have a strong profit motive, local governmental agencies do
not always use the optimality concept of marginal cost in decisions to
supply a public service (5, p. 319). The average unit cost of a public
service is influenced by the quantity and quality of the service, the
service conditiens, physical inputs, state of technology and the factor
input prices.

The costs incurred by each rural water district in supplying water
to the members depend on the prices paid for the resources used and the
efficiency with which the resources are used as well as on thé size and
type of the water system. The cost of supplying water will vary as the
quantity and quality of water changes per unit of time. It will also
vary with a change in the density of customers per mile of pipeline and
with the topography and soil characteristics of the area through which
the pipelines h?ve to;be laid.

Economiesiéf sizg result when total cests per unit of output de-
crease as additional units of output are produced (and/or distributed in

the case of water). Real variations in the size-efficiency relationships

13
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in costs may occur because of differences in size, type of water
systems, topography and soil characteristics of the districts and in
prices of inputs required.

Short-run economies result from fuller utilization of a fixed plant,
such that the rural water districts could have such economies by produc-
ing and distributing more water without changing the size of their
treatment plants, storage tanks and pipelines. Long-run economies re-
sult from the efficiencies obtained by changing plant size, presumably

- involving a longer time period (6, p. 3). The long-run average cost
. ;ﬁfye assumes all rPesources are variable, Whether or not economies of
size occur in rural water district planning has important implications

for efficiency, organization and community size.
Methods of Analyzing Economies of Size

Several analytical procedures have been employed in analyzing
economies of size and the procedure adopted depends on the purpose for
and situaticn in which the study i1s conducted. Madden (6, pp. 24-34)
and Bidman (7) provide a comprehenzive discussion on many of the pro-
cedures that are frequently used in estimating economies of size.

The method presented by Stigler (8), called the survivorship
technique, is based on the idea that competition among firms will sift
out the more efficient sizes. Size of firm 1s measured in terms of the
firm's capacity as a percentage of industry capacity. Firms are. grouped
into éizes and thé size classes that exhibit a declining proportion of
the industry's capacity through time are deemed to be inefficient. This
approach does not adequately measure size because no provision is made

for changing capacity in the industry and it is possible for a firm to
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shift from a small size class to a larger and more profitable class,
but not necessarily a more efficient operation. Furthermore, declining
relative importance of a given size of firm might result from many fac-
tors other than the inefficiency of that size of operation. Location,
access to resources and markets, quality of management and degree of
utilization of plant capacity could vary among the observed plants.

Another method used in estimating economies of size is the synthetic-
firm approach. This method is an appropriate technique when it is in-
tended to determine: (1) the average cost per unit of output or profits
that firms of various sizes could potentially achieve under assumed
technology, or (2) the differences in average cost per unit of output
attributable only to differences in size of firm. In the synthetic firm
approach, budgets are developed for hypothetical firms using the best
avallable estimates of the technical coefficients and charging market
prices or opportunity costs for all resources. However, this method ig-
nores the economies or diseconomies in resource use as scale 1s increased.
The engineering cost data often allocate joint costs arbitrarily between
processes and may not distinguish between fixed and variable cost fac-
tors in a manner suitable for economic analysis, It also makes factor
markets difficult to evaluate (7, p. 20).

A third method to measure economles of size is statistical regres-
sion procedure. Johnston (9, pp. 26-43) provides a detailed discussion
on the procedure and problems of statistical estimation and 1lists four
main cenditions which should be satisfied in the process: (1) the basic
time period for each pair of observations should be cne in which the
observed ocutput was achleved by a unifeorm rate of production within the

period; (2) the observations on cost and output should be properly
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paired such that the cost figure is directly associated with the output
figure; (3) observations on output should be widespread so that cost be-
havior can be observed at widely differing rates of output; and (4) the
data should be free from the influence of factors extraneous to the cost-
output relationship. To examine the long-run cost-output relationship,

a large number of observations on firms with widely different capacity
limits should be obtained from creoss section data.

Using regression analysis to estimate average cost curves requires
that the data possess certain statistical properties: (1) the distur-
bance term should be a random normal variable with zero mean and have a
constant variance regardless of the level of output; (2) for time series
data the disturbances should be serially independent, i.e., the error
term in cost occurring in a given time period is independent of the dis-
crepancies that occurred in previous time periods; and, (3) the distur-
bance should be distributed independently of the explanatory variables.

The regression analysis method has also not been without its critics
(9, pp. 169-194). The most common of the criticisms directed at the
methods employed and the conclusions reached in statistical cost studies
is that regression fallacy results because firms of a smaller scale are
more likely to be operating at a smaller proportion of full capacity than
are firms of larger capacity. Thus, cost curves do not take into account
the proportion of capacity utilized, which tends to understate economies
resulting from increasing the scale of plants. However, as Walters (10,
pPp. 210-5) has explained, if results of statistical cost analysils are
interpreted as estlmates of the expected cost function then the method is

f
appropriate. The cost curve that is derived is not a technological
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frontier but an indication of what the expected costs could be if oper-
ations are organized as efficiently as possible under the existing
conditions.

The methods that have been described for estimating economiles of
siée have been used extensively in agricultural production and manufac-
turing firms. The regression procedure is most commonly used in esti-
mating cost functions for public services and this study utilizes the
procedure by employing the factors which affect the service condition as
explanatory variables.

To determine the variations in the size-efficiency relationships in
costs, cost functions were derived for the rural water districts using
number of customers, volume of water distributed, density of customers,
topography and soil characteristics as explanatory variables. The cost
data used were obtained from the accounting records of the rural water
districts, all of which employed a uniform accounting procedure specified
by the Farmers' Home Administration. The period covered was from 1967 to
1972, except where the relevant data were not avallable. The summary of
the data used is presented in Table III. |

Lawrence G. Hines in a study (5, p. 330) of the long-run water
delivery costs for selected Wisconsin communities analyzed several in-
dividual water plants using data from 1945 te 1957. Noting that during
the period virtually no technolecgical changes had taken place, he found
that cos£s varied because of service conditions, such as the size and
density of the community to be supplied, as well as the terrain. In
order to neutralize terrain as a factor in the final cost of water
delivery, power and pumping expenditures were left out of operating costs

before fitting separate cost functions for the different types of water
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.SUMMARY OF DATA USED IN THE COST ANALYSIS FOR
SELECTED RURAL, WATER DISTRICTS IN OKLAHOMA

18

Rural Water District Year Number of Volume of Investment Total Total
Members Water Produced per Cagpitn " Variable Fixed
and Distributed $) Costs Costs
(000 gal.) ($) ()
Cherokee #2
1970 97 5,380 1,885,82 ©4,961,30 10,769.60
1971 100 5,172 1,821.55 7,763.21 7,386.60
1972 106 6,452 1,802,47 9,670.31 4,900.00
Cotton #2 1970 85 6,664 2,897.51 4,16Q0.00 14,718.20
1971 101 9,393 2,438.50 7,730.00 14,448,25
1972 117 12,172 1,974.16 _ 14,92Q.00 21,518.30
Creek #2 1969 1,004 85,336 1,013,39 - 46,220,00 52,817.50
1970 1,104 93,836 940,85 49,970.00 52,817.50
1971 1,286 109,305 823.65 63,120.00 52,817.50
1972 1,400 118,994 755,44 77,020.00 53,417.50
Okarche, Inc,
’ 1970 54 8,423 1,827.01 2,569.07 7,469.90
1971 59 9,825 2,088,43 2,819.30 7,936.30
1972 60 10,919 2,089.55 9,476.61 6,054.00
Muskogee #1 1967 173 10,130 1,147,47 2,108.81, 11,201.80
1968 193 11,301 1,007.57 5,607.04 11,168.80
1969 220 12,883 860.89 12,047.91 11,201.80
1970 233 13,644 747,46 10,451.37 11,201.80
1971 244 14,288 725,83 7,750.47 11,030.30
1972 260 15,225 696,63 8,000,00 10,926.80
Muskogee #2
1967 50 1,329 1,560,97 1,125.72 6,133.85
1968 60 2,080 1,350,63 1,290.32 6,250.85
1969 65 3,130 1,238.22 3,894.14 6,259.77
1970 72 5,209 1,104.48 5,381.19 6,093.85
1971 77 6,215 878.79 4,704,00 5,779.85
1972 107 11,695 654,28 9,739.93 7,169.85
Muskogee #4
’ 1969 65 5,141 1,028.55 2,487.49 3,840.0¢C
1970 68 5,379 963,01 3,823,68 3,830,00
1971 72 5,695 885,10 4,969.16 3,840,00
1972 77 6,090 827.63 11,569,92° 3,844,93
Muskogee #5 1969 264 31,416 1,266.01 9,102,93 19,108.95
1970 275 32,725 1,190.57 14,841,30 23,291,00
1971 298 29,199 1,085,67 20,782.52 22,806,75
1972 312 29,841 1,027.52 21,951.00 18,807.75
Muskogee #6 1970 156 2,506 1,731.44 6,241.00 13,111.75
1971 180 2,891 1,604.36 10,641.50 15,557.75
1972 192 3,084 1,401.40 7,163.00 15,582.75
Okmulgee #6 1970 582 32,825 1,168,46 18,000.00 37,817.00
1971 661 37,280 1,091.32 26,800,00 37,892,00
1972 722 40,721 1,050.75 36,358,88 41,301.07
Wagoner #2 1967 100 2,213 1,287.50 3,789.00 4,683.00
1968 109 4,742 994.11 4,400.00 6,013.00
1969 124 5,997 944,30 4,897.00 6,161,00
1970 149 7,646 894,47 6,996.00 6,043,00
1971 162 8,033 851,25 7,740,76 6,086,20
1972 174 15,891 804,32 26,535.00 7,215.00
€Woodward #1
" [Including town of ° 1970 378 27,054 629,00 3,400,00 6,247.00
Freedom and Alabaster 1971 378 28,368 628,91 2,616.00 6,875.00
State Park] 1972 391 29,940 608.09 . 3,534,84 9,211,00
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systems., Capacity was introduced as one independent variable and size,
with adjusted plant investment as its proxy, as a second. The study
found scale economies in surface water production systems where power
and pumping expenses were eliminated in measuring plant size.

Richard A. Andrews (11, pp. 905-912) studied the economies in water
utilities associated with (1) size of the utility and (2) size of the
community using regression analysis of the annual water costs and pro-
ductioﬁ, The regression analysis relating cost and quantity of water
produced indicated mddest economies of size. However, as the number of
customers increased necessitating an increase in the mileage of water
mains to reach the added customers, the economies obfained elsewhere in
the system through increases in quantity of water produced were offset.
The regressions indicated that if number of services could be held con-
stant and water use at each service to increase then substantial economies
would be achieved.

Andrews did not find economies associated with size of communities
as great as these found with regard to economies associated within the
'utilityg As the population increased, there was a tendency for the
larger community to use more water per person per day. This was appar-
entiy because the larger communities produced more public services that
necessitated water and also serviced a larger commercial base than did

smaller communities,

Social and Economic Impacts of

Rural Water Districts

Compared with major urban areas, rural areas have been deficient in

the provision of public services. However, since 1966 the number of
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rural areas in Oklahoma establishing centrally crganized water systems
with the assistance of the FHA has been increasing. A large number of
applications to establish rural water districts is being received by the
FHA each year and it is pecssible that this essential public service has
been having some desirable social and economic impacts on the communities.

These impacts can be classified as primary (direct) and secondary
(indirect and induced). One primary social impact is the effect on pop-
ulation of communities served by the rural water districts. Location
theory is often used to explain the growth or decline of small towns and
many studies have shown that towns near large cities are more likely to
grow than others (12, p. 397). The assumption is that places near large
centers are functioning as commuter towns and possibly that industry or
trade is expanding there because of locational advantages. The small
town then becomes more like a suburb, providing both a market for the
products of the larger town and a place of residence for many who work
there. One factor which may be of important consideration in the
decision to locate in a rural community is the availability of adequate
water service. Adequate water supply is not only vital in satisfying
the domestic needs of the individuals but is of primary importance in
premoting a clean and sanitary environment.

Ancother primary social impact is the effect on the quality of living
in the rural communities., Quality of life has been defined in many ways;
e.g., Lowdon Winge (13, p. 5) defined it as an internal physiological
mechanism that produces a sense of gratification., While this may be a
satisfying definition ir. the ethical sense, not everyone would agree that
quality of 1life is a good in the economic sense. However, people do seek

a higher quality of life and it is a scarce ''good" in an economic setting.
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So long as conditions exist such that people are willing to surrender
other kinds of satisfaction for a higher quality of life, then it can
be regarded as an economic good. The concept of quality of life encom-
passes the availability of the basic necessities for a decent living.
‘The availability of water service in rural communities aids in improving
the quality of life by facilitating the use of plumbing fixtures in
homes, water coolers, humidifiers, clothes washing machines, hot water
heaters and dishwashers for people who can afford to purchase these
ltems.

The primary economic impact of rural water services is the effect
on wages, salaries and profits resulting from employment in business
establishments that have located in the communities because of the
avallability of water service and ffom the sale of plumbing fixtures and
water-using appliances. Another aspect of the economic effect is the
addition to livestock holdings as a result of the availability of good
quality water supply.

Secondary economic impacts include additional property and sales
taxes to the local governments and increases in demand for local govern-
ment services resulting from a reloéation of population and some in-
crease 1n incomes. Another economic impact is the level of local govern-
mental expenditures which may show an increase with increased demand for
such services and facilities as schools, teachers, sewage, utilities,
streets and police protection (14, pp. 69-80).

Statistical analyses using a dummy-variable approach and an eco-
nomic base multiplier, were used to estimate some of these effects. The
data used were developed from the questionnaire survey of the rural water

districts and from published secondary data. Muskogee county was the
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primary focal point for this analysis because of the large number of
rural water districts there.

The social and economlc data obtained from the consumer question-
naire survey included:

(1) Population of the communities.

(2) Source of income of customers.

(3) Location of place of employment.

(4) Availability of jobs in the communities.

(5) Location of business in the communities.

(6) Effect on property values.

(7) Effect on water-using appliances.

(8) Housing and water facilities in homes.

(9) Uses made of the water from the water districts.

(10) Previous source(s) of water before joining the district.

(11) Reason{s) for seeking membership in the district.

(12) Rating of the performance of the district.

Secondary data were obtained on housing trends, taxes, incomes and
pepulation; unfortunately most of these data are available only for
counties, and not smaller areas encompassed by rural water districts.

In a study of the impact of community water systems in small towns,
Wills and Osburn (15) concluded that there were: (1) increases in the
number of water using appliances; (2) increases in property values; (3)
improved fire protection; and, (4) improved sanitary conditions in the
communities served. Their study was a pilot project to identify and
ascertain costs and benefits of FHA financed water systems. The scope
of the study was small as it involved three small towns in southern

Illinois.
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Smythe (16, pp. 1-6) evaluated the impact of a rural water district
on land values, home improvements, livestock and water hauling in Wilson
County, Kansas. Land in the district sold for an average of $43.50 per
acre more than land sold in an area not served by a rural water system.
Some saving was also reported on water hauling and there was a marked
increase in the availability of water using appliances.

While the availability of adequate good quality water supply may
contribute to increasing the value of land, it is not adequate to attri-
bute the increase in price to the water supply alone. There are other
factors which could cause the increase in land value, such as the state
of the economy, general rise in level of prices, number of buyers, qual-
ity and locatioen of the land.

There is no doubt that the rural water districts have had an impact
on the social and economic development of rural communities. The key
issue is how to adequately measure the effects and quantify such factors
as quality of life, improvement in health conditions, joV of country

living and beautification of lawns.
Management Functions of Rural Water Districts

Supplying water to a_community is a social service which requires
managerial skills in both technical and administrative positions to en-
sure adequate water service, and good financial standing. The gquality
of service 1s a first consideration although the cost of the service
must, nevertheless, be met since the districts are expected to be self-
supporting.

For a market-oriented business enterprise the basic management in-

formation system model has four components (17, p. 21):
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External Environment Internal Environment

(a) customer (a) accounting

(b) competition (b) finance

(c) econemic variable (¢) commercial

(d) demographic variable (d) governmental information
(e) cultural variable sources

(f) legal environment

Personnel Section Output

(a) sales (a) customer reports

(b) information (b) economic analysis
(¢) budget

(@) performance
(e) sales

Management of a market-oriented firm may utilize this model in
planning, implementation, evaluation and research decisions., The rural
water district is é non-profit public body organized by members in a
community to provide a water service. The study of its management
functions therefore concerns an identification of the functions which
should be performed if the social service is to be adequately provided.
The degree to which a water supply system fulfills its functions to its
members and the community depends a good deal on the efficiency, effec-
tiveness and awareness of i1ts management. Factor analysis technique was
used to ldentify the variables of management and to compare thelr rela-
tive importance through the loadings in the factor matrix.

There are many duties which must be performed by the management of
water district and these can be divided into administrative duties and
operation and maintenance duties (1l). Under administrative duties are:
(1) accounting of funds, (2) budget estimating, (3) water-rates calcula-
tions, (4) billing, (5) collection of water fees, (6) paying the money
into the revenue accounts of the water district, (7) record keeping of

the lay-cut of the district, its business transactions, the personnel,
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the equipment, supplies and inventories of thé district, (8) purchasing
and (9) customer relations.

Operation and maintenance duties include: (1) maintenance of source
of water, (2) maintenance of pumps, engines and other equipments of the
district, (3) adequate water treatment, where applicable, (4) malntenance
of the water distribution system, (5) maintenance of service connections
to the water system, (6) maintenance and repairs of meters, (7) operation
of water service in emergencies, and (8) detection and elimination of
cross-connections, leaks; back-siphonage and presence of sediments or
sand 1n water.

This is by no means an exhaustive listgbut an indication that water
services, like other social services, require considerable management
input if they are to adequately perform the functions for which they
were contracted. All the duties need not be concentrated in one person
but each manager should be aware of his role and the need to perform his
function efficiently.

The preponderance of technical and engineering problems involved in
the development, operation and maintenance of a water system requires
that a qualified engineer be avallable for the planning, construction
and development of the rural water district. In some cases, inadequacy
of the water system may be encountered within a few years after the
start because of poor planning, underestimated growth in demand, problems
with pumps, storage facilities and/or distribution lines which are too
small to properly and adequately serve new areas which should have been
taken into consideration during the original plan.

In a study of the problems and characteristics of rural water dis-

tricts in Missouri, McNabb and Blase (18, pp. 1-12) found that over one
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fourth of the districts experienced more than ten percent failure to
hook-up among people who originally contracted for water. About half of
the districts had more than ten percent of the original users drop out
at the end of six months. The reasons given were that many people only
wanted a water line through their property either to increase its value
of for insurance against failure of their individual water systems. On
the average, seven hours of clerical time was required for each 100 users
per month. In concluding, McNabb and Blase suggested that each board of
directors hire a competent engineer during the planning and development
stages of the district and provision be made for inspection during the
construction period.

John H. Peterson, Jr. (19) studied the influence of community or-
ganization on the organization and management of community water systems
in selected rural communities of Mississippi. He found that community
organization was significantly related to effectiveness in water system
organization. The‘management problems observed resulted from three
major sourdes: (lj major equipment failure; (2) lack of management
ability; and (3) an inflated initial membership.

Peterson found that where the water system served a single community,
the process of organizing tﬁe water system tended to strengthen local
leadership, and the water system was operated informally. Social pres-
sure was more often used to encourage payment of water bills while main-
tenance and secretarial work were ofteh undertaken as a volunteer service,
Common participation was rare in multi-community systems and the formal
pattern of operation with paid maintenance and secretarial services were

adopted.
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In this study, factor analysis of the operation of Oklahoma rural
water districts was used to measure the relative importance of the man-
agement functions. Recommendations based on actual management practices
should enable future rural water districts to serve the maximum number
of people in an efficient manner.

Data were obtained on the factors listed below to determine the
managerial capacity available to the rural water districts and to deter-
mine the role of management in the efficient operation of a rural water
district.

(1) Meter reading, billing of customers.

(2) Maintenance of the system,

(3) Problems of the water system.

(4) Financial status with respect to loan repayment.

(5) Adequacy of the water system to meet its obligation to users.

(6) New ideas on the development, operation and maintenance of
a rural water system,

(7) Weights on the variables important to management.

Personal interviews were held with the directors and bookkeepers of
the rural water districts and also with officials of the FHA to obtain
information on the development and management of rural water districts.
Data from the annual business report and data on the construction, oper-
aticn, and maintenance of the selected districts were obtained from
records of the Farmers Home Administration in Stillwater. Copies of the
two questionnaires used in the study are presented in the Appendices.
Thewbirector's Survey is in Appendix A. The Water User's Survey is in

Appendix B.



CHAPTER IITI

ECONOMIES OF SIZE FOR RURAL WATER

DISTRICTS IN OKLAHOMA

As was indicated in the discussion of the theory of economies of
size, the long-run least cost curve that is derived from the cost-output
relationship is useful for planning purposes. The curve indicates the
levels of cost that may be expected from the operations of the rural
water districts of various sizes when the operations are organized as
efficiently as possible under the existing technological conditions and

prices.
Components of Costs of Rural Water Systems

The main components of the costs of rural water systems are con-
structien costs, operation, and maintenance costs. The operation and
maintenance costs are primarily expenses on: (1) wages, salaries; (2)
office expenses (telephone, rent, supplies); (3) taxes, insurance,
fidelity bonds; (4) fees (accounting, legal); (5) utilities; (6) repair
to facilities and equipment; (7) fuel, gas, oil; (8) miscellaneous
material and supplies; (9) director travel and expense; (10) equipment
hire; and, (11) water purchase. The construction costs are the cash
outlays used in building the source of water supply and the distribution

systems.

28
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The cost of producing and distributing water from the rural water
system is dependent on the density of the customers being served; the
terrain (physical characteristics of the soil) in the area; the amount
of water produced and distributed; treatment of the water, where appli-
cable; and, the long term debt. Low density of customers per mile of
pipeline increases the per capita costs. Hilly and/or rocky terrain
also leads to increased construction costs. The input cost data were
adjusted for inflationary effects by using whole price indexes with

1967 = 100, which thus converted the costs to the same price level.
The Choice of Explanatory Variables

The cost functions that were estimated by using regression pro-
cedure included number of customers, amount of water produced and dis-
tributed annually, density and terrain factor as the explanatory
variables. A knowledge of the rural water districts shows that these
variables constitute the main items of the total costs of the rural
water districts. The adjusted investment cost per capita was used as a
proxy variable for the density of customers per mile of pipeline and the
terrain of the districts because:

(1) The distance betwsen homes in the rural communities is large

and many miles of pipeline are usually laid from the source
of supply before the first customer in the district ties-in
to the distribution system. This in turn greatly reduces
the density of customers per mile of pipeline to very small
numbers which do not adequately represent the density in

the main supply area.
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(2) No quantitative value can be attributed to the terrain in
the communities other than the cost which the terrain causes
in the supply of water to customers. Whatever the topography
of the area and the physical characteristics of the seils,
the effects will be reflected in the investment costs of
the water systems.

(3) The investment costs per customer will also reflect the
situations where the density of customers varies while the
terrain remains constant and where the density remains con-
stant but the terrain changes. Under these cilrcumstances,
the adjusted investment cost per capita was used as a proxy
variable for the density of customers and terrain of the

districts.
The Model Postulated and Classification of Costs

The conceptual model used was a cost function of the type
cC=f (M, X, D)
wheres:
C = total costss
M = number of customers;

X = volume of water produced and distributed annually (in thousand
gallons); and

D = adjusted investment cost per custcmer as a proxy for density
of customers and terrain of the districts.

A number of alternative mathematical medels were applied to the
set of data to estimate the cost-size relationship of the rural water
districts by means of regression analysis procedure. Data were obtained

from 12 rural water districts (Table III), three of which owned and
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operated wells while nine districts purchased treated water from other
cities. The three districts having their own wells are Cherokee #2,
Wagoner #2 and Woodward #1. Separate cost functions were derived for
the rural water districts based on their source of water supply, i.e.
from own wells or purchased water.

The annual cost data obtained from the accounting records of the
water districts were classified into fixed and variable categories. The
fixed costs included taxes, insurance, fidelity bonds, legal and account-
ing fees, amortized investment outlay and interest charges on investment
cost. The investment cost included the loans, grants and cash contri-
butions used in establishing the water system. The method of charging
interest on investment cost thus takes account of the opportunity cost
of all the capital invested. The variable costs consisted of the opera-
tion and maintenance expenses.

Total costs were obtained by summing the fixed and variable costs
classified as followss

Fixed Costs Variable Costs

(1) Taxes, insurance, fidelity (1) wWages, salaries
bonds (on Treasurer)
(2) Office expenses
(2) Legal and accounting fees

(3) Repair to facilities
(3) Depreciation and equipment
(4) Interest on investment cost (4) Utilities

(5) Water purchase

(6) Equipment and machinery
hire

(7) Chemicals
(8) Fuel, oil and gas

(9) Miscellaneous materials
and supplies
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The statistical models postulated for deriving the average cost

curves were:

Y =g, * oM+ aM o+ e (1)
v = ao * alM + a2M2 + a3MX + a4x * a5X2 + E (2)
Y = ao + alD + azpz + a3DX + a4x + a5X2 + € (3)
v - ao + alM + a2M2 + a3MX + a4X + aSXZ + a6XD + aD + a8D2 + € (4)
Y = aMb (5)
Y = OLMbXC (6)
Y = abec (7)
v = apPx p9 (8)

where ¥ = average annual total cost per customer,

X = volume of water produced and distributed annually,

M = number of customers,

D = density and terrain factor,

o, by ¢y, g are parameters of estimate, and

€ is a disturbance term.

The same set of models were used to derive cost functions using
(Z), the average total cost per thousand gallons of water produced and
distributed annually as the dependent variable. Equations (1) and (5)
above were modified to:

2

il

2
a  * alX + a2X + € (9)
b

Z = gX (10)

it

The Equations Obtained by Regression Method

For rural water districts that purchase treated water,; the number of

observations was 36. The equations obtalined were:
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Y = 157.4327 - 0.2043M + O.OOOll64M2

, (11)
(0.0702)* (0.00005357) * R = .31
Y = 115.1534 - 0.004053X + 0.00000002X° + 0.00000278XD - 0.0004207D
(0.002898) (0.00000001)  (0.00000218)  (0.06907)
+ 0.00001286D° R = .55 (12)
(0.0000204)
Y = 163.8544 + 0.005039X + 0.00000006X° - 0.6670M + 0.001198M°
(0.001683) ***(0.00000016) (0.1721)***(0.000938)
-~ 0.000017XM RS = .47 (13)
(0.000024)
Y = 125.7001 + 0.0033X - 0.00000012X° - 0.7054M + O.00003786M°
(0.0064) (0.00000018)  (0.4279)* (0.001)
+ 0.0170D + 0.00000235D° + 0.00000092XD + 0.00001284XM
(0.0786) (0.00002063)  (0.0000047)  (0.00002829)
+ 0.0002165MD RS = .71 (14)

(0.0003164)
The values in parentheses are standard errors of estimate.

* means that coefficient is significantly different from zero at
ten percent probability level,

“#** means that coefficient 1s significantly different from zero at
five percent probability level,

*** means that coefficient 1s significantly different from zero at
ohe percent prcbability level,

R2 is coefficient of multiple determinaticn which indicates the
proportion of the variation in average cost that is explained
by the fitted regression equation.

Equation (11) was selected as the equation to be used in deriving
the economies of size curve because of the correct signing and the
statistical significance of the coefficients. Theoretical cost curves
are usually drawn showing the output of the product as the measure of
the size of the producing unit. However, to measure the size of a rural
water district in termms of volume of water produced and distributed

raises an obvious question. The rural water districts were set up pri-

marily to furnish water tc a glven number of customers, with some
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provision made for possible changes in that number. Secondly, the amount
of water produced and distributed by the districts depends mainly on the
intensity of use of the water by the customers and their families.
Lastly, the water produced is distributed to the customers in their
various locations and the cost of this distribution incorporates the
effects of the density of the customers per mile of pipeline and the
terrain of the district. Consequently, the number of customers served
by the rural water digtricts was used as a measure of size, especially
as size of a community is used to refer to number of people in that
community.

To derive the economy of size curve, different values were sub-

stituted for (M) in equation (11):

Y = 157.4327 - 0.2043M + 0.00011641‘/12 (11)
When M is: Average Annual Cost Per Customer is:

50 $147.5
100 138,2
200 121.2
300 106.6
500 84.4
600 76.8
800 68.5
900 P 67.8
1000 69.5
1050 71.2
1100 73.5
1500 112,9
2000 214 .4

This cost-size relationship is illuatrated graphically in PFigure 2.
The relationship shows that the average total cost per custemer first
decreases as number of customers increases until a minimum point is at-
tained when the number of customers ig 900. Thereafter, the costs
begin te increase as number of customers increases. This relationship
therefore indicates that economies of size exist for rural water dis-

tricts in ®klahoma and it implies that some saving in costs could be
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achieved by organizing rural water districts of size between 800 and
1000 customers. The minimum average total cost per customer of $67.80
could be realized in water districts of 900 customers. The increase in
average cost after this minimum point is due to increased management
and equipment costs necessary to serve the additional customers.

Equation (13) introduces the amount of water produced and distri-
buted explicitly into the equation. The econémies of size curve was
estimated from this equation by holding the volume of water constant at
different levels. The equation was:

Y = 163.8544 + 0,005039X + O.OOOOOOO6X2 - 0.6670M

+ 000011981\/12 - 0.000017xXM

The curve reveals that economies of size exist for the rural water
districts. The lowest peints on the curves for X = five million and
X = ten million gallons of water are attained when the number of cus-
tomers is 300. Both curves show a decline in average costs as the num-
ber of customers is increased until the minimum point is reached.
Thereafter, the costs begin to increase as number of customers is in-
creased (Figure 3). When the amount of water produced and distributed
annually is held fixed at X = 50 million gallons of water, a decline in
average cost curve is also indicated but the minimum point on the curve
occurs when the number of customers is 600. When the volume of water
produced and distributed is held constant at X = 100 million gallons of
water, the average cost per custemer shows a declining trend with a
minimum point at M = 1,000.

The conclusions drawn from Table IV are: (1) the average cost
curves indicate economies of size; (2) the lowest point on each curve

differs for different amounts of water produced and distributed; (3) the
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DERIVATION OF AVERAGE COST CURVES FOR RURAL WATER

DISTRICTS USING EQUATION (13)

A
50
100
200
300
400
500
600
800
1000

1050

X =5mil, gal. X

= 10 mil. gal. X

= 50 mil. gal. X

= 100 mil. gal.

$155.90

127.30

88.10

72.80

81.40

114.10

170,60

355,70

636.60

721,70

$181.40

148,50

100.80

77.00

77.10

99,30

149,30

317.40

581.30

662.20

$493.00

426.10

310.40

218.60

150.70

- 104.90

86.90

119,00

246.90

293.80

$1152.50
1043.10
842.40
665.60
512.70
381.90
211,90
141,00
98,90

103.30
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minimum average cost per member varies between $72.80 at X =5 mil, gal.
and $98.90 at X = 100 mil.gal.; (4) after the minimum point on each
curve, the rate of increase in the average cost curve decreases for
higher levels of X. The implication of these results are: that rural
water districts producing and distributing five million and ten million
gallons a year could expect the minimum average cost per customer to
occur when the size of the district is 300 customers; a district pro-
ducing and distributing 50 million gallons of water could expect a
minimum average cost per member of $86.90 when the number of members
served is 600; and the minimum annual average total cost is $98.90 when
districts produce and distribute 100 million gallons to serve 1000
customers.

The results of the log regressions also showed that economies of
size exist for the rural water districts. The coefficients of the log
functions are the elasticities and they indicate the percentage change
in average costs that is associated with one percent change in the ex-
planatory variables. One percent increase in the explanatory variable
which is associated with less than one percent increase in costs
indicates economies of size. For example, the coefficient of log M in
equation (15) means that, on the average, an increase in the number of
customers, (M), by one percent, is associated with a decrease in average

costs per member, (¥), of 0.2109 percent. The log functions estimated

weres

Log ¥ = log 5.8308 - 0.2109 log M ) (15)
(0,0458) * R™ = .38

Log ¥ = log 1.2905 -~ 0.Q44 log X.+ 0.5554 log D 5 (16)
(0.040) (Q.1219) »u= R~ = ,48

Log ¥ = log 1.4476 - 0.3006 log M + 0.1693 log X + 0.4685 log D (17)

(0.0676) *** (0.0578) ** (0,0992) % *=% R = .68
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Log ¥ = log 5.1650 - 0.3634 log M + 0.1549 log X (18)

(0.0850) *#** (0.0740) * R = .46

Equation (16) indicates that, on the average, an increase in the
volume of water produced and distributed, (X), by one percent, holding
the adjusted investment cost per capita, (D), constant at the mean, is
associated with a decrease in average costs, (Y), of 0.044 percent.
Similarly, an increase of one percent in the adjusted investment cost
(D), is on the average associated with an increase of 0.5554 percent in
average costs, (¥), holding volume of water produced and distributed
constant. The elasticities shown in equations (15) to (18) indicate
that there are economies of size for the rural water districts studied.
Regression equations estimating the average fixed and the average var-

iable cost functions are listed in Appendix C.

Regression Equations Obtained Using Average
Cost Per Thousand Gallons of Water

as the Dependent Variable

For rural water districts that purchase treated water, the follow-
ing set of average cost functions were estimated using average cost per

thousand gallons of water produced and distributed as the dependent

variable:
Z = 3.3731 - 0.00009617X 5 (19)
(0.00003242) *# R = .27
Z = =~2,7855 + 0.00009466X + 0.,00787D - O,_OOOOOZO7D2 - 0.00000015XD (20)
(0.0001279% _(0.003049)%*={(0.0000009% %% (0,000000%)*
R?F=..4l

= 2.4206 - 0.00035X + O.,OOOOOOO2X2 + 0.02240M + O.OOOO663M2
(0.00004) ***(0,00000000) ***(0,00454 ) ***(0.00002476 ) #%*

N
I

-~ 0.00000239%XM 5
(0.00000064 ) **# R = .75 (21)
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Z = -2.1110 + 0.0001434X + O.OOOOOOOZX2 + 0,00531D —VO.OOOOOOBD2

(0.0001596) (0.00000000) **#*(0.001962) ***(0.0000005) *
+ 0.00546M + 0.00006527M2 - 0.0000004XD - 0,00000236XM
(0.01068) (0.00002609)***(0,00000012) ***(0.00000071) ***

+ 0.00000863MD

(0.0000079) R2 = .88 (22)
Log Z = log 3.9928 - 0.3667 log X 5 (23)
(0.0654) * R~ = .48
log Z = log 2.5769 - 0.3440 log X + 0.,1731 log D 5 (24)
(0.0715)**# (0.2155) R™ = .49
Log Z = log 2.2074 - 0.8456 log X + 0.3773 log D + 0.7068 log M (25)
(0,074 ) **= (0.1270) *+ (0.0865) #*+
R2 = .83
log Z = log 5.2013 - 0.8572 log X + 0.6563 log M 5 (26)
(0.,0822) %x* (0.,0943) **x* R = .79

All the coefficients of equation (25) are significant at five per-
cent probability level and 83 percent of the variation in the average
costs is accounted for by the equation. The coefficients (elasticities)
indicate that there are economies of size. The interpretation of the

equations is similar to the ones given earlier.

Regression Equations Estimated for Rural

Water Districts That Operate Own Wells

The statistical models pestulated for deriving the cost functions
for rural water districts that operate their own wells are the same as
those used for districts that purchase treated water. The purpose of
deriving separate functions was to show if both sources of water supply
were subject to economies of size. The following equations, with aver-
age cost per customer as the dependent variable, were estimated:

Number of observations = 12
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Y = 96.6625 + 0.2546M - 0.001156M2 5 (27)
(0.7646) (0.00154) R = .66
Y = 163.6820 - 0.002930X - O.OOOOOOlSX2 + 0.00000055XD
(0.003527) (0.00000012) (0.00000036) *
- 0.0102D + O.OOOOOOlSD2 5 (28)
(0.00153) *#*(0.00000017) R = ,97
Y = 241.0126 + 0.0125X + O.OOOOOOX2 - 2.7602M + 0.0102M2
(0.0167)**(0.00000111) (1.3158)*%¢0,0102)
- 0.000189xM 5 (29)
(0.0002) R = .95
Log ¥ = log 10.1376 - 1.1488 log M 5 (30)
(0.1853)* R = .79
Log ¥ = log 10.0111l - 0.6096 log X - 0.0196 log D 5 (31)
(0.2129)* (0.1888) R = .52
Iog ¥ = log 7.3920 - 2.,6230 log M + 0.9527 log X + 0.1788 log D (32)
- (0.3079) ** (0.1967) ** (0.0672) **
R2 = .95
Log ¥ = log 8.4990 - 2.3395 log M + 0.8461 log X 5 (33)
(0.3737) ** (0.2492) ** R = .91

The number of observations on which the regression equations (27)
to (33) were based was 12. This number was not large enough to estimate
good fitting quadratic equations. A good fitting regression equation
would be one with significant coefficients at the desired probability
levelé correct signs on the coefficients; large coefficient of multiple
determination; and, one that is supported by economic theory. Conse-
quently, the log equations, which can utilize small degrees of freedom,
provided the best equations.

Equations (30) to (33) were the log functions estimated. The neg-
ative signs on the coefficients (elasticities) of (M) indicafe that a
percent'increase'in number of customers would result in a percent de-
crease 1n average costsbper customer of the magnitude of the coefficient,

holding other variables constant.
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Using equation (32) as an example, a one percent increase in ad-
justed investment cost per capita would, en the average, result in
0.1788 percent increase in average cost per customer, holding volume of
water produced and distributed annually and number of customers con-
stant. A one percent increase in volume of water produced and distri-
buted annually would, on the average, increase average costs per
customer by 0.9527 percent, holding investment cost per capita and
number of customers constant. A one percent increase in number of
customers would, on the average, decrease average costs per customer by
2.6230 percent holding constant thé volume of water produced and dis-
tributed annually as well as the investment cost per capita. The
equation fitted accounted for 95 percent of the variation in average
costs per customer.

Since one percent increase in the independent variables 1s as-
sociated with less than one percent increase in average costs per

customer, there are economies of size in the rural water districts.

Regression Equations Obtained Using. Average
Cost Per Thousand Gallons of Water
Produced and Distributed as the

Dependent Variable

The statistical models used were similar to those used to estimate
the regression equations for rural water districts that purchase water.
In this case of dist:icts that operate their own wells, the number of
observations was 12. The following equations were obtained:

Z = 3,4906 - 0,0002334X ' (34)
(0.00010) # R = .80
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2

Z = 4.,8330 - 0.0004786X + 0.,00000001X -~ 0.00009366D
(0,000088)*%¢(0,00000000)**#* (0.00003816)**
+ O.OOOOOOOlD2 - 0.00000001XD > (35)
(0.00000000) ** (0.00000001) R = ,96
Z = 7.1773 + 0.,0004339X + OGOOOOOOlX2 - 0.0892M + 0.0007736M2
(0.0001770) **(0,00000002) ***(0.0218) ***(0,0001689) ***
- 0,00001666XM > (36)
(0.00000338) *=* R = .97
Log Z = log 9.3014 - 0,9935 log X 5 (37)
(0.,1264) %% R = .86
Log Z = log 9.0730 - 1.0108 log X + 0.0436 log D 5 (38)
(0.1414 ) *%* (0.1253) R~ = .86
log Z = log 7.4555 - 0.046 log X + 0.1661 log D - 1.6199 log M (39)
(0,195) (0.0666) ** (0.3050) *+*#
R2 = ,97
Iog Z = log 8,4842 - 0,1450 log X - 1.3565 log M > (40)
(0.2398) (0.3597) *# R = .95

These eguations when interpreted like the others also indicate that
economies of size exist for the rural water districts.

These analyses of average total cost functions show that economies
of size exist for thé rural water districts. This thus provides policy
makers with information about the future consequences of particular or-
ganizational alternatives of rural water districts in light of e;isting

cost-size relationships.
Summary

This study has presented a decision model using the cost-output data
of 12 rural water districts in ®klahoma to determine whether economies
of size exist for the water districts. The statistical moedels, based on
econemic theory and a knowledge of the districts, utilized a least

squares regression procedure to derive cost functions from which average
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cost curves were drawn. The economles of size curves show the levels
of average total cest that rural water districts of various sizes may
expect when operations are organized as efficiently as possible under
the given conditions of technology and prices. The log regression
equations were used to indicate the percent change in cost associated
with a percentage change in the independent variables. The coefficients
of the variables in these equations are also called elasticities and
they can be used to measure economies of size. A one percent change in
the independent varlable associated with less than one percent change in

costs indicate economies assoclated with size.



CHAPTER IV

SOCTAL AND ECONOMIC IMPACTS OF RURAL WATER

DISTRICTS IN OKLAHOMA

The provision of good Quality water supply in rural communities is
a part of an effort to improve the economic opportunity and quality of
living in the communities. This study of the social and economic impacts
of the rural water districts was designed to further aid policy makers
in determining the effects which the provision of this essential service
has had on rural communities. When compared to urbanized areas many
rural communities have lacked adequate social services. Water supply
especially, has tended to remain the responsibility of the individual.
The dependernce on wells, hauled water or rain water had not adequately
met the needs of the people in terms of cost, quantity and quality of
water, and sanitation. The availability of an adequate good quality
water supply is important to the development of a community especially
as stable comminities cannct exist where water is scarce or unfit to

drink and where raw sewage flows in the open.
Characteristics of the Rural Water Districts

Data on five rural water districts in Muskogee County were obtained
to analyze the social and economic impacts which the water districts may
have had cn the communities. If urban population 1s defined as persons

living in places of 2,500 or more incorporated as cities, towns, or

46
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villages, only the city of Muskogee would be classified as urban with
the remaining population rural,

The population of Muskogee has shown a declining trend from 1950 to
1970. Several factors are assoclated with the decline in population.
The primary cause 1s the effect of the relative distance of Muskogee to
other larger size urban centers of a higher order in functional hier-
archy. For instance, Tulsa has a large, viable and diverse economic
base with greater centralization of econemic activity and resulting job
opportunities which are not in Muskogee. Hence young people entering
the labor force have migrated to the larger urban centers to seek em-
ployment, leaving behind an older population. This movement of people
to take advantage of job opportunities in larger centers often results
in permanent transfer of residence to the larger centers.

This is in contrast with what happens in small urban centers near
encugh to a larger one that i1s providing both job and shopping oppor-
tunities. Residence in the smaller centers are often maintained while
employment and shopping are enga@ed\in on a commtting basis to the large
center. The growth in population of small communities in Wagoner and
Creek Counties which are near to the Tulsa metropolitan area is an
example of the growing importance of commuting and the desire to live
in a rural atmosphere; The 1950-1970 trends in population for Muskogee,
Creek, and Wagoner Counties are presented in Table V.

Only Muskogee showed population losses in both the 1950-1960 and
1960~1970 census periods. The rural pepulation of Creek and Wagoner
counties gained 27 percent and 32 percent respectively in the 1960-1970

period while the rural population in Muskogee declined by 6.7 percent.
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TABLE V

TRENDS IN POPULATION OF MUSKOGEE, CREEK AND
WAGONER COUNTIES, OKLAHOMA 1950-1970

Percentage Change

1950- 1960-

County Population 1950 1960 1970 1960 1970
Muskogee Total 65,573 61,866 59,542 - 5.6 - 3.7
Urban 37,289 38,059 37,331 2.1 - 1.9

Rural 28,284 23,807 22,211 -15.8 ~ 6.7

Creek Total 43,143 40,495 45,532 - 6.1 12.4
Urban 23,638 23,264 23,616 - 1.6 1.5

Rural 19,505 17,231 21,916 -11.7 27.2

Wagoner Total 16,741 15,673 22,163 - 6.4 41.4
Urban 4,395 4,469 7,287 1.7 63.1

Rural 12,346 11,204 14,876 - 9,2 32,8

Sources Bureau of Census, U. S. Department of Commerce, 1950, 1960 and
1970 Census Reports
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The declining trend in the population of Muskogee does not permit
an impact analysis of the role which rural water districts play in the
decision of people to locate in rural communities. Although it appears
that economic factors such as employment and income opportunities are
considerations in deciding to locate in an area, provision of public
services in a rural area does attract people to move to that area. Un~
fortunately, lack of détailed population data by small tracts did not
allow for such an analysis.

Betwean 1964 and 1970, eleven different communities had estabklished
rural water districts in Muskogee County, (Table VI and Figure 4). The
five rural water districts in the sample were those in Oktaha, Gooseneck

Bend, Glendale, Keefton and Wainwright.

Impact of Rural Water Districts

on Quality of Living

Quality of living is fundamentally a normétive construct which is
used to refer to the extent to which the social and physical environ-
ments are conducive to one's state of happiness and comfort. Factors
which are relevant and important to the quality of living of individuals
in a rural community include: the availability of social services; real
personal income; good quality housing; and, a healthy environment.

Rural water districts provide members in the rural community with
an adequate quantity of good quality water for personal and domestic
uses. This has enabled many members with enough income to improve the
quality of their housing through the addition of standard plumbing fix-
tures., It has also facilitated the use of additional household appli-

ances such as dishwashers and clothes washers. Many homes have now been
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TABLE VI

RURAL WATER DISTRICTS IN MUSKOGEE COUNTY
(AS OF DECEMBER 1, 1972)

Rural Water Date FHA Loan . Amount-6f Amount of gzgizraif
District Community Was Closed Loan ($) Grant.{$) the Start

Rural Water

District #1 Oktaha 11/15/65 198,000 - 233

Rural Water Gooseneck .

District #2 Bend 1/26/66 76,000 - 84

Rural Water Council

District #3 Hill 1/13/67 199,000 - 141

Rural Water

District #4  Glendale 6/26/67 68,000 - 69

Rural Water

District #5  Keefton 11/20/67 325,000 - 275

Rural Water

District #  Wainwright 4/18/69 260,000 -- 156

Rural Water

District #7 Perkins 2/11/69 83,000 - 57

Boynton Pub-

lic Works

Authority Boynton 11/21/66 125,000 115,000 190

East Central

Oklahoma Water '~ Webber

Authority Falls 10/23/64 220,000 - 497

Porum Public

Works :

Authority Porum 7/22/70 215,000 - 323

Warner Util-

ities

Authority Warner 9/ 4/70 200,000 -- 320

Sourcet State Office, Farmers Home Administration, U.S.D.A., Stillwater
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equipped with flush toilets, bathtubs, showers‘and humidifiers. The
building of sewer systems has also been facilitated in the rural com-
munities. The ownership and use of these facilities contribute to the
quality of living of the individuals and are dependent upon the level of
real personal income. The availability of dependable good quality water
from the rural water districts encourages ownership and facilitates the
use of these household conveniences.

To determine whether rural water districts have had a significant
effect in the availability and use of these household facilities in the
five communities in Muskogee county, a statistical analysis using the
dummy variable approach was used. Two time periods were considered:

(1) the period from 1960-1965 before there were rural water districts

in the communities; and, (2) the period 1966-1972 during which the five
rural water districts have been functioning. The dummy-variable approach
was used to take account of the fact that the two time periods may have
separate deterministic effects on the availability and use of household
facilities in addition to the effects caused by variations in real per-
sonal income.

The statistical model used was of the form

P+ . . .+ QP+ E (50)

Q = o + u-Y + azz + o 1 oPg

1 3
where Q = number of facilitiles owned; categorized as plumbing
fixtures, dishwashers, clothes washers, flush toilets,
bathtubs, showers, humidifiers, water-coolers and
sewar systens,

Y = per capita personal income,

%2 1s a dummy variable which has the value 2 = 0 when ob-
servation 1s for the 1960-1965 period and 2 = 1 when
observation 1s for the 1966-~1972 period,

P, to P, = price per unit of each facility owned, and

1 9
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Qs O eoe Og are parameters of estimate and ¢ is an error term.
The model postulated has three properties: the expected value of
Q when 2 = 0 can be expressed as
E(Q|2z = 0) = O+ Y + QP+ . . .+ OGPy (51)
and the expected value of Q when £ = 1 can also be expressed as
E(Q|z = 1) = O+ 0¥ 4 Oy + AP 4 .. . OgPg (52)

such that a_ = 1960-1965 intercept and ao +a, = 1966«1972 intercept.

The difference between 1960-~1965 and 1966-1972 intercepts is thus Qe
The test on o is equivalent to testing whether the 1960-1965 intercept
is significantly different from zero while testing azfis;equivalent““

to testing whether there is any significant difference between the 1960-
1965 and 1966-1972 intercepts. Because the rural water districts were
in operation during the 1966-1972 period only, this test on o, is essen-
tially a test on determining whether the rural water districts have made

a difference in the availability and use of household facilities.

The &,

5 estimated was 55.0514 and was significant at the five per=

cent probability level. The dummy-~variable approach used indicates that
the establishment of rural water districts has made a significant
difference in the availability and use of household facilities compared
with the pericd when there were no rural water districts in the commun-
ities studied., Thus, evidence exists that rural wéter districts have
contributed to the lncreasing conveniences and thus an improvement in
the quality of living in the rural communities.

Given the income of the members and the level of prices of the
household facilities, the availability and use of these facilities in-
cluding the disposal of sewage through public sewer systems are directly
related to the availability of dependable good quality water supply such

as provided by the rural water districts.
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In the questionnaire survey of members of the five rural water dis-
tricts in Muskogee County, the respondents indicated that they obtained
their water supply from two main sources before the rural water district
provided water: (1) wells and (2) hauled water. Various reasons were
then given for seeking membership in the rural water districts. These
included: (1) convenience, in that the water was available directly to
the homes; (2) lower cost of water compared with the cost 6f obtaining
the same quantity and quality of water from previous sources; (3) better
quality of water from the rural water districts; (4) dependability and
adequacy of the supply of water; and, (5) to help other members in the
commuinity obtain good quality water. This "help" was possible through
the lower cost of water service resulting from an increased number of
memberships. The respondents answered that their past reliance on wells
or on hauled water did not provide them with an adequate supply of water,
either for meeting all of their domestic requirements or for use in large
livestock enterprises. Under the two sources, the amount of water that
was used by a family was kept to a minimum to keep costs within the bud-
get of the family and also to minimize the Inconvenience of frequent
large scale water hauling., In addition to the use of the water from
rural water districts for household purposes, respondents indicated that
they also used the water to wash their cars, and to water lawns and
gardens9“ A summary of the questionnaire responses is presented in

Table VII,
Economic Impact of Rural Water Districts

The primary or direct impact of the rural water districts in Mus-

kogee County is the payroll of the business establishments which have



TABLE VIT

MEMBERSHTP RESPONSES TO QUESTIONNAIRE SURVEY OF RURAL
WATER DISTRICTS IN MUSKOGEE COUNTY, 1972

RURAL WATER DISTRICT

Factors No. 1 No. 2 No. 4 No. 5 No. &
First Year of Operation 1967 1966 1968 1967 1970
Members at Start 173 49 50 214 114
Members in 1972 260 122 77 312 192

Previous Sources of Water
Well 208 105 72 265 156
Hauled Water 150 60 41 102 39

Reason for Joining RWD

Convenience 70 43 29 165 140
Lower Cost of Water 130 51 40 220 153
Larger Quantity of Water 94 60 52 140 150
Dependability of Supply 140 68 65 242 146
To Help Others 0 36 40 68 30
Additional Uses Made of the Water

Showers and Bathtubs 233 102 €8 275 156
Flush Toilets 230 100 66 280 150
Water-Using Appliances 200 98 62 206 145
Car Washing 256 105 60 175 100
Garden Watering ' 120 73 30 156 52
Lawn Watering 70 85 50 185 68
Livestock Watering 130 60 28 106 86
Cost of Membership $110 $100 $100 $110 $110
Average Monthly

Water Bill $ 11.23 $ 10.56 §$ 10.48 §$ 11.25 §$ 11.87
Average Cost of Dril-

ling Well $700 $800 $650 $815 $720

Average Monthly Well
Maintenance and Oper-
ation Costs $ 16,10 $ 15.42 $ 12,75 $ 15.30 $ 13.48
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located in the rural communities as a result of the availability of an
adequate supply of good quality water from the rural water districts.
The secondary or indirect impact involves the multiplier effects which
the re-spending of the payroll have on the business volume, employment
and incomes in the economy sf the local communities.

The economic impact of the rural water districts in the five Mus-
kogee communities was estimated through the usefof economic base theory.
The method required that the economic activity be partitioned into basic
and non-basic sectors. Using income as a measure of economic activity,
the basic income was defined as: that derived from sources outside the
communities whether or not in return for productive activity. This meant
that public assistance income was classified as basic income. Nonbasic
income was defined as that derived from the local consumption sector in
the communities which was dependent on the respending of the basic in-
come. The income multipliers of the communities were then calculated as
the ratio of the change in basic income over the. study period 1960 to
1972. The total impact of the establishment of water districts on per-
sonal income in the economy of the communities was then determined by
applying the multiplier to the payroll from the business establishments.

The sources of basic income in the five study communities were agri-
culture, mining, manufacturing, construction, wholesale and retail trade,
services, property income and transfer payments, Some part of the wage
and salary income was earned by residents who csmmuted to jobs outside
of their communities., Because this source of income was located outside
the study communities the wages were treated as basic income. The busi-
ness establishments that located in the study communities because of the

availability of water from the rural water districts were auto repair
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garages, service stations, general stores, grocery stores and trailer
courts, all of which could be classified as belonging to the wholesale
and retail trade sectors of the economy. Others were restaurants and
launderettes which were classified with the services sector of the
economy. The data used in the analysis were derived from publications
of: (1) the Bureau of Business Research, College of Business Administra-
tion, University of Oklahema, (2) Oklahoma Employment Security Commission,
(3) Oklahoma Tax Commission, (4) Oklahoma State University Research Foun-
dation, (5) Oklahoma State University Extension Service, and (6) U. S.
Bureau of the Census, Census of Retail Trade, wholesale trade and
selected services.

The iﬁcome multiplier analysis is presented in Table VIII. The
five communities studied were small, i.e., none had more than 500 people.
The economy was dominated by agriculture and annuél per capita incomes
in 1970 were less than $2,000. The total effect on income for a parti-
cular community is equal to the income multiplier times the local payroll
of new business establishments. The contribution of the businesses to
the annual personal income in the communities ranged from $22,000 in RWD
No, 2 to $47,000 in RWD No. 4 (Table VITIT). The interpretation of the
impact on personal income, €.g., in RWD No. 1, is that the new business
establishments generated an increase in annual personal income of
$39,000.

The variation in the income multipliers between the communities may
have been due to the differences in size of the communities and the
availability of services needed by residents. The larger the community,
the greater the variety of goods and services provided, such that leak-

ages from the local income stream tend to be minimized. These leakages



TABLE VIII

SUMMARY OF INCOME MULTIPLIER ANALYSIS FOR FIVE RURAL

WATER DISTRICT COMMUNITIES IN MUSKOGEE COUNTY
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RWD RWD RWD RWD
No. 1 No. 4 No. 5 No. 6
Basic Income ($1,000)
(1) 1972 $2,014 620  $1,085  $1,487
(2) 1965 963 214 610 586
(3) Increase $1,051 406 $ 475 $ 901
Total Income ($1,000)
(4) 1972 $2,920 955  $1,411 $1,784
(5) 1965 1,329 323 781 721
(6) Increase $1,591 632 630 $1,063
Multipliers
(7) Ratio of (4) to (1) 1.45 1.54 1.30 1.20
(8) Ratio of (5} to (2) 1.38 1.51 1.28 1.23
(9) Ratio of (6) to (3) 1.51 1.56 1.33 1.18
Impact of RWD ($1,000)
(10) Local payroll of
business firms $ 26 30 17 z4
(11) Impact on total
income ((10) x (9)) $ 39 47 23 28
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are used to refer to the spending of income earned in the community in
another community for goods and services which are available there.

The employment multipliers for the communities were not as sensitive
as income multipliers in measuring the eccnomic base of the small rural
economy. An analysis of the basic income growth showed that property
income and transfer payments constituted a large proportion of the in-
come. Also, although the agricultural employment declined, income
derived from agriculture increased. None of the business establishments
employed as many as 20 employees. Thus, the employment multiplier com-
puted as the ratio of the change in total employment to the change in
basic employment»would not be very significant in measuring the economic
base.

The explanation of the small employment effect can be traced to the
characteristics of the business establishments and the communities. The
businesses did not require highly skilled labor for their services and
the existing labor force was able to fill the jobs created; hence popu-
lation growth by immigration was not induced. Because of the smallness
of the communities, it was possible for the businesses to abseorb consid-
erable increases in sales without hiring additional workers at a commen-

surate rate if the work force was underutilized in the first case.
Impact on Property Values

Two types of change have occurred in the communities with rural
water districts: (1) there have been new additions in the stock of
property in the form of new houses and expansion of existing homes; and,

(2) appreciation in the values of existing properties.
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New additions to property; while generally improving community and

personal living conditions, did not represent total net gains to the

communities because some inputs for the additions were purchased out-

side the communities.

The net community benefits from new additions of

property primarily were employment and income for construction workers

and people providing construction supplies and business profits obtained

on the sale of building materials.
fits through the new sources of tax revenue.

these tax revenues were available only at the
be disaggregated on the basis of the five RWD

number of new homes that were built along the

distribution lines is shown in Table IX,

TABLE IX

NUMBER OF NEW HOMES RELOCATED IN FIVE RURAL
COMMUNITIES IN MUSKOGEE COUNTY

Local governments also obtained bene-
The data estimates of
county level and could not
communities studied. The

areas served by the water

Rural Water

Number of New Homes Built

Districts 1966 1967 1968 1969 1970 1971 1972 1973
Muskogee #1 -- -- -- - -- 10 24 4
Muskogee #2 1 1 10 5 7 20 30
Muskogee #4 -- -- 15 3 4 5 30 27
Muskogee #5 -- -- 20 19 8 20 12 28
Muskogee #6 -- -- -- - - - 20 33

Source: Survey Data of

Rural Water Districts in Muskogee County, 1972
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- There 1s evidence of an increase in the value of real estate in the
rural water districts. Land serviced by rural water lines was selling
for between $200 and $300 per lot more than land in other areas of the
communities not served by the water lines. The availability of water
is, however, only one factor, among other factors, contributing to the
increase in value of land in these rural communities. Other factors
are: location, quality of the land, number of buyers and state of the
economy .

Appreciation in the values of existing properties represented a net
gain to home owners because it involved no additional use of resources
or expenditures. By shifting property resources to more intensive uses,
such as agricultural land to residential or industrial use, or increas-
ing demand of property for the same use such as appreciation in the value
of existing houses generally increased the values of existing properties
without requiring new additions to thevstock of .property. Real estate

values tended to remain high in the communities studied.
Summary

Recent years have witnesséd great public interest in the nature and
consequences of migration of rural people to the cities and towns where
adequate income and employment may not be attained by the migrants. The
loss of population by rural areas affects their ability to provide essen-
tial social services. Total demand for real estate diminishes and public
infrastructure becomes underutilized,

The analysis of the data on the population of Muskogee County
showed a declining trend from 1960 even though there were eleven rural

water districts in the rural communities. When compared with other
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communities near large urban centers which have grown in population, it
was evident that the economic considerations of income and employment
were of greater Importance in affecting growth of population in a given
community.

However, the rural water districts are contributing to the social
and econoemic development of the rural communities. The quality of liv-
ing is being enhanced and local initiative has been developed to strive
for improvement in the social and physical environment in rural areas.

Results of the regression analysis, using the dummy-variable ap-
proach, that was applied to the data from five Muskogee RWD communities,
showed that the rural water districts have had a significant effect in
improving the quality of livingbof the members.

The rural water systems have been providing an adequate quantity of
good quality water to the customers who have been able to expand their
livastock enterprises, add plumbing fixtures to their homes and acquire
water-using appllances.

The economic impact of the rural water districts was analyzed by
constructing income multipliers. The fundamental unit of analysis was
personal income which was used as the indicator for the basic economic
activity in small rural communities. The analysis showed that modest
improvements have been made in the personal income in the local consump-
tion sector while the effect on employment was small. There has also
been some impact on property values in the communities served by the
rural water districts. New additions have been made to the stock of

property and existing properties have appreciated in value.
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There has been some relocation of new homes along the areas served
rural water distribution lines. This would in turn have effect on local
government expenditures if new streets and extension of other services

were needed by the residents who have relocated.



CHAPTER V

MANAGEMENT FUNCTIONS OF RURAL WATER

DISTRICTS IN OKLAHOMA

Good management is a vital factor in the successful development and
operation of a rural water district. Management can be divided into two
functions: administrative, and operation and maintenance. The adminis-
trative function includes the following processes: (1) planning; (2)
organizing; (3) personnel services; (4) supply planning; (5) record
keeping; (6) directing; and (7) controlling. The operation and mainten-
ance function broadly describes the conveyance and delivery of safe
water from the source to the consumers. These two functions are inter-
dependent and are usually coordinated to achieve integrated management.

The rural water districts in Oklahoma are non-profit public bodieg
organized to provide water service for rural communities. As such they
are different from market-oriented firms whose primary motive is to
maximize net returns or to minimize costs. Thus, the study of the man-
agement of rural water districts is restricted to the identification and
analyses of the factors which lead to the successful development and

operation of a rural water district.

The Management Analysis Model Used

The factor analysis method was used to estimate the relative impor-

tance of the management functions of rural water districts. Each

64
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response variate is represented as a linear function of a small number
of unobservable common factor variates and a single latent specific
variate. It is assumed that the observations are from a multinormal
population of full rank (20, pp. 259-276).

The mathematical form for the factor structure used was:

W=AM +¢ (60)
i , W= (¢, €)
x = (¢, I)
= (¢, ¥)

where W = observed random variable with nonsingular, multinormal
distribution;

X = common factor variate;

A = parameter reflecting the importance of a factor or the
loading of a response on the common factor; and,

€ = specific-factor variate.

In matrix form,

W' o= [wl, cees wp] (61)

X' = [Xqs eeer Xp] (62)

g' = [el, eeos €P] (63)

and A = [h g eeanq g (64)
‘o1 ot Aon

Equations (61) to (64) can be expressed as:

_ _ _— o
Wy A Mo o0 Aqp X1 Sl
ol =101 Moo A om X5 5
. . + .
» e o 8 ® e » o e e ® e - - (65)
"ol  ['er te2 dom | Xm °p

where p = number of responses; and

m = number of common-factor variates in X which are independently
and normally distributed with zero means and unit variances.
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Similarly, it is assumed that the elements of € are normally and
independently distributed with mean zero and variances, Var (ei) = Wi.

Wi is called the specific variance or specificity of the ith response.

\i’l L O
\i’ = . - - L - (66)
0 *0 g
Cov (W,X') = A (67)
and Z = AA' + ¥ (68)

The diagonal elements of AA' are called communalities of the
responses.

The factor analysis technique was used as an aid in determining the
appropriate number of factors which could be used in describing the im-
portant variables that in varying degrees affect the management of rural
water districts. The data used in the analysis were derived from the
regponses of the members of the board of directors of 12 rural water
districts in Oklahoma. During the personal interviews, the members were
required to give relative weights to the variables which they considered
important in the management of their rural water districts. From a list
of variables, they were to attach weights between zero and ten, with the
most important vafiables being rated ten and the least important rated
Zero.

The variables on which responses were obtained were:

(a) good engineering of water system;

(b) accurate projection of growth of community;

(¢) supply planning and use of large-size pipelines;

(d) use of good meters;

(e) minimum leakage of water;

(f) cooperation of board members;
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(g) dynamic manager;

(h) good pdﬁlic relations in the community;
(i) regular payment of water rates;

(j) salaried manager and bookkeepers;

(k) education of manager and bookkeeper;
(1) trained maintenance personnel

(m) well kept records.

The mean weight of each variable was then calculated for each dis-

trict before applying the factor model.
Results of the Factor Analysis

The statistics obtained from the analysis of the model were: (1)
mean; (2) standard deviation; (3) correlation (covariance matrix); (4)
eigen values (characteristic roots); (5) cumulative percentage of the
eigen values; (6) eigen vectors (characteristic vectors); (7) transformed
input data; (8) factor matrix; (9) rotated factor matrix; and, (10) check
on the communalities. These statistics for a ten-factor matrix solution
are listed in Appendix D.

The two-factor matrix solution which acceunted for 52 percent of the
variance was considered adequate in explaining the results and is pre-
sented in Table X, The identification of the variables is as given

above.
Interpretation of the Factor Matrix Derived

Factor one is the general average loadings for all the management
variables, Good public relations in the community has the highest load-

ing of 0.87311, followed by use of good meters with an equally high



TABLE X

2-FACTOR MATRIX SOLUTION FOR RURAL WATER

DISTRICT MANAGEMENT VARIABLES

Varlables Factors
1 2
A 0.35597 0.15843
B -0.11478 0.69890
Cc -0.18712 0.81840
D 0.80798 0.13153
E -0.61313 0.26802
F 0.71945 -0.03359
G 0.70173 0.25488
H 0.87311 0.,18572
I 0.65562 0.42980
J -0.05381 0.81584
K 0.593%4 -0.49403
L -0.52891 0,23462
M -0,44320 -0,22069

68
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loading of 0.80798. The next group of variables receiving appreciable
loadings are: cooperation of board members, (0.71945); dynamic manager,
(0.70173); regular payment of water rates, (0.65562); and, education of
manager and bookkeeper, (0.59394).

Three variables had fairly large negative loadings: minimum leak-
age of water, (~0.61313); trained maintenance personnel, (-0.52891);
and, well kept records, (-0.44320). The loadings on the variables in-
dicate that factor one can be used as a measure of the relative impor-
tance of operational functions of rural water districts.

Factor two provides a comparison between the different categories
of management functions. The loadings on the administrative function
variables dominate the factor. Supply planning and use of large size
pipelines variable has the largest loading (0.81840), followed by
salaried manager and bookkeeper €0.81584). Accurate projection of
growth of community also has an appreciable loading of 0.69890. The
loadings on these three variables which are part of administrative
functions can be contrasted with the relatively small loadings on var-
iables classified as maintenance, minimum leakage of water (0.26802),
and trained maintenance personnel (0.23462). The loadings on the var-
iables which are part of operational function are small. Well kept
records has a negative loading of -0.22069, use of good meters has a
loading of 0.13153, cooperation of board members (-0.03359) and educa-

tion of manager and bookkeeper (~0.49403).
Problems of Managers of Rural Water Districts

Nine districts reported that they had maintenance problems with

leaks in the water lines. Two districts felt that the engineering of
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their water systems could have been done better. There were instances
of irregular electrical power supply, dirt in water and back siphonage.,
One district had problems of mineral depesits in the water as well as
water hardness which led to high seap consumption and difficulty in ob-
taining clean dishes. Leakage of water constituted the major preblem
of the rural water districts. Leakage surveys had to be conducted along
the distribution lines to detect the leaks in several instances. Another
problem facing the districts was the frequent breakage of the plastic
pipelines by people digging through the same easements used by the wéter
districts. Personnel of the telephone, electricity and natural gas com-
panies and housing construction workers were often responsible for this
breakage,

The managers indicated that the requests for new memberships re-
ceived each year had been much greater than they had anticipated. To
meet the increasing demand of new customers there was continuous capital
addition to the transmission and distribution parts of the water system.
Some systems had reached full capacity where additional customers could
no longer be added on the distribution lines. 1In addition some pipe-
lines were too small to allow for extensions to reach new customers,
Although some looping of lines had been dene in several districts to ob-
tain adequate flow of water to customeré, the cost of doing this has been

very high.

Current Method of Operation of

Rural Water Districts

Rural water districts in Oklahema are community owned and operated.

This requires that effective use be made of the community organization
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and leadership so that the water systems serve the‘maximum number of
people satisfactorily.

The process of organizing the rural water districts in @klahoma has
tended to strengthen local leadership in the communities and common par-
ticipation by the members has been étrong. In the initial years of the
districts, maintenance and secretarial work were undertaken as volunteer
service. As some of the districts grew in size this type of informal
operation was replaced by the formal pattern of operation with paid main-
tenance and secretarial services. In the survey conducted in 1972, all
the directors and secretaries indicated that all management pesitions
should be paid for services rendered to encourage efficiency.

Two districts reported that they employed a meter reader while in
seven others, individual customers read their own meters and paid bills
‘according to specified charges in the water rate schedule., In three
districts, the manager or secretary read the meters. 1In all cases the
.revenue received from the water sales was deposited in the bank and - .
credited to the water districts' accounts. Once a year the manager or
an auditor checked the meters to ensure that the meters were functioning

properly and that the readings were accurate.

Complaints of Customers of the

Rural Water Districts

Few complaints were brought to the attention of board members by
some customers. Scme membérs did compiain that after a breakage had
occurred on the water line they often founa seme dirt in the water; and
that too much time was taken in some cases to repair broken lines or to

install new meters thereby interrhpting water service to the customers
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on the affected lines. Also, some members complained of inadequate
treatment of their water supply because of the hardness of some supplies
and the bad taste during the summer months. A familiar cry was that the
water rates should be reduced.

The managers of the affected rural water districts indicated that
they were actively working to solve these problems and provide better

service to the satisfaction of their customers,
Suggestions for Improving Management Functions

The role of a good engineer in the developmént and construction of
rural water systems should be strongly emphasized by all the managers of
the rural water districts. Because quality of construction affects
overall performance of rural water systems in adequately meeting the
needs of customers, utmest care should be taken not to cverlook any fac-
tors of importance during the process of designf Aé a first requirement,
the engineer must be sufficiently familiar with the rural environment to
appreciate the nature of the problem with terfain, density of customers,
source of water supply and demand characteristic of the potential cus-
tomers.

A very important function of management is to predict expected de-
mands under given conditions and design aeménds with certain probabil-.
ities of being exceeded, These require thét thé;expected change in the
number and structure of the pepulation being served be fairly accurately
predicted. In addition, due consideration should be given to the density
of the customers aﬁd the size and terrain of the area to be served.

Good pipe materials, good water source points and care in laying

the water distribution system are also essential for quality‘of
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construction. Rural water systems in Oklahoma serve customers in areas
where the distance between homes is usually great. This factor dccen-
tuates the need for economy and also the need for use of long lived
materials in the construction of the water systems.  This saves the
customers the cost of short term replacement of materials caused by fail-
ure or deterioration. Another impertant consideratien is the ability of
the pipes to carry the required quantities of water and still have low
friction losses. Regular engineering evaluatiens of sources of .supply,
treatment facilities, adequacy of operation and protection in the dis-
tribution systems are also necessary after construction of the water
systems.

Special attention needs to be given to water meters because in many
respects, they are the most important appurtenance of the water system.
Experience with the functioning of the water meters shows that they will
record slower with centinued wear or when there is some trash inside the
meters. Under these circumstances the meters will be letting more water
pass through than is actually recorded. It is thus desirable that the
water meters be replaced at periodic intervals and be recalibrated to
obtain accurate readings of the amount of water used.

Other maintenan;e fﬁﬁctions on which managemént'should pay close
attention are: flushing of dead end lines at frequent intervals; and,
sampling of water at various points on the distribution system at regu-
lar intervals. Flushing is necessary because water becomes stale at
such extremities as the dead ‘end of lines, Loops may be installed to
provide recirculation of the water within the s?stem and thus eliminate
the stale water. Any of the two methods that i1s adepted will serve the

purpese and the choice made by the district should be guided by cost
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considerations. The regular sampling of the water is to insure that the
physical, bacterial and the chemical qualities of the water that reaches
the consumers continuously meet the quality criteria established by the

State Health Department.

Record keeping is a vital administrative function which many dis-
tricts did not adequately perform. It was difficult‘to obtain detailed
up-to-date layout maps of entire water system of a district, showing the
location and depth of the water lines, the valves, service lines, the
sizes of the pipelines and the locatien of the customers along the lines.
_Such maps are not only helpful when repaifs are to be made but they are
necessary for the orderly development and growth of the water districts.
It is suggested that the FHA insure that such recérds be properly kept
by all rural water districts,

In addition,‘monthly records should be kept on (1) volume of water
produced, (2) volume of water distributed, (3) volume of water unaccounted
for due to leakage, (4) costs of operation, (5) costs of maintenance,
(6) amount of revenue received, (7) personnel, (8) nature of services
performed and nunber of hours of work involved, and (9) equipment, sup-
plies and inventories of the district. To ensure uniformity of the
records for all the rural water districts in Oklahoma, the FHA should
design these records and instruct the districts on how to fill in the
required information. In addition, the districts should keep copies of
the completed records with the FHA, The availability of such records
would greatly assist future studies of the operations of the rural water
districts,

With respects to the complaints on the bréakage of water lines,

coocperation is needed in notifying the manager or any board member as
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soon as it occurs such that repairs can be quickly made. This reduces
the chance of too much dirt getting into the distribution system. It

is also suggested that persons who use the same easements as the rural
water districts obtain the layout map of the water distributien systems
showing location and depth of the distribution systems before digging
the area. Also, the managers of the water districts should be informed
of the date and time when digging might be done in a piece of ground -
where water lines are laid to enable them to prepare for possible repair
action in case of accidental breakage of the pipelines.

The time of interrupted water service i1s directly related to the
nature of the problem té‘be solved, the availability of spare parts and
maintenance personnel. Management personnel should be alert to minimize
the inconvenience caused by prolonged interruption of water supply.
Plans should be made in anticipation of any of the problems associlated
with the develoﬁment and operatieon of a rural water system so that needs
are met as quickly as they arise. Such preparedness adds to the effi-
ciency and effectiveness of management.

Adeéuate treatment of water at the source of supply will help main-
tain the desired concentration level of minerals in the water to make it
suitable fcr use. Ca}cium and magnesium are the chief causes of hardness
of water while other minerals like iron, sulphur, manganese discoler the
water. The methods of ebtaining the desired concentration level are
specified by the State Department of Health.

The taste and odor problem of water which occurs in some lakes
during the summer months is due to a process referred to as the "turning
over" of the lake. This process of summer stratification of the lakes

results in a formation of vertical zones in gradations of water
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temperature from the top to the bottom of the lake. The stratification
is induced by temperature and is dependent on the density of the water.
For instance, the presence of dissolved solids in lakes could prevent
temperature induced stratification,

The summer temperature may alse give rise to excessive growth of
algae and other higher plants- in the lakes resulting in the water quality
problem of taste and odor. The rural water districts affected could
solve this problem in many ways including chemical and biological control
of plant growth in the water, dredging and mixing of the lakes.

The water rate schedule for 12 rural water districts is presented
in Table XI. The minimum rates vary from $5.50 per month to $12.00 per
month. The charges are established to insure that the water revenue ob-
tained covers the expenses for operation, debt service costs (interest
charges and amortization), taxes and the cost of normal extensiens and
improvements. The rural water districts are non-profit bodies but they .
are expected to be financially self-  supporting.

Considering the factors which are used in determining the water
rate charges, the uses made of the water by the customers and the costs
of obtaining such quantity and quality of water from other sources, the
water rate cannot be said to be excessive. Adequate finances ensure that
the districts are self supporting and that they render satisfactory ser-
vice to customers. Where a district cannot afford a full time staff,
part time staff or cooperation with other nearby districts are good
possibilities. Some of the management functions in which cooperation
could immediately be tested are meter reading, billing of customers,
collectien of revenue and maintenance of the water systems. This coop-
eration will evidently yield some saving in costs to the rural water

districts.



TABLE XI

WATER - RATE SCHEDULE OF -SELECTED RURAL. WATER DISTRICTS -IN“OKLAHOMA, 1972

Rural Water
District

Minimum Monthly Charge

Charge for

Next 3,000 Gal.

Charge for

Over 4,000 Gal.

Cherckee #2
Cotton #2
Creek #2
Dewey f#1
Okarche Inc.
Muskogee #1
Muskogee #2
Muskogee #4
Muskogee #6
Muskogee #7
Wagoner #6

Woodward #1

$ 6.50
11.50
6.00
5.50
12.00
6.00
6.50
6.50
6.50
6080
6.00

10.00

for

for

for

for

for

for

for

for

for

for

for

for

1st

1st

1st

Ist

1st

1st

1st

1st

1st

1st

ist

1st

1,000 gal,
1,000 gal.
1,000 gal.
2,000 gal.
1,000 gal.
1,500 gal.
2,244 gal.
2,000 gal.
1,000 gal.
1,500 gal.
1,500 gal.

2,000 gal.

$1.16 per 1,000

1.00
1.00
1.00
1.10
1.50
0.90
1.75
1.50
1.75
1.00

1.50

per

per

per

per

per

per

per

per

per

per

per

1,860
1,000
1,000
1,000
1,000

748
1,000
1,000
1,000
1,000

1,000

gal.
gal,
gal.
gal.
gal.
gal.
gal.
gal.
gal.
gal.
gal.

gal.,

$0.45
0.50
0.70
0.60
0.52
0.75
0.60
0.87
0.62
0.70
0.62

0.50

per 1,000 gal.

per

per

per

per

per

per

per

per

per

per

per

1,000
1,000
1,000
1,000
1,000

748
1,000
1,000
1,000
1,000

1,000

gal.
gal.
gal.
gal.

gal.

il
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Summary

The role of management is very important in successfully developing,
operating and maintaining a rural water system. This study has utilized
the information obtained from the personal interviews of the managers and
secretaries of selected rural water districts in Oklahoma to develop the
essential management functions of rural water districts.

A factor analysis model was used to estimate the relative impor-
tance of the management functions of rural water districts. Using a
two-factor matrix solution, the leadings of the components were used as
a means of comparison between variables and groups of variables.

The management functions could be subdivided into administrative,
operation and maintenance functions but they should be well coordinated
to achieve a unified service. The implicatioh for policy is that all
managers of rural water districts should be sufficiently informed and
instructed on the functions which they must perform to ensure the

success of their water districts.



CHAPTER VI
SUMMARY AND CONCLUSIONS
Summary

Rural water districts in Oklahoma are serving a real need in the
communities. The water systemé have enabled communities to assure an
adequate supply of water for domestic and small business uses, In addi-
tion, they have served as efficient means of collecting waste materials.

Rural water districts in Oklahoma are public bodies organized to
develop water systems for rural areas or towns of not more than 5,500
population. They are quasi-municipal corporations which are not organ-
ized for profit; their primary function is to finance, construct, oper-
ate and maintain rural water systems. The State Rural Water District
Act of 1972 empowers the districts te also own and operate waste disposal
systems. The Farmers Home Administration makes loans and grants to the
rural communities and also prpvides technicalzassistance to help in the
development of the water systems.

Since 1963 when the idea for thewformatiog of rural water districts
first gained organized effort, many rﬁral communities hamé developed
their water systems. By 1972, the FHA haa made loans and grants worth
over $60 million for the construction of 245 éompleted rural water
systems in Oklahoma. The number of applications from other communities

requesting FHA financial and technical assistance to develop thelr water
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systems increases every year. The existing districts are experiencing
high demand for membership from residents who initially did not centract
for water and frem new residents who have built homes in the rural com-
munities after the establishment of the water systems. Small business
establishments that have located in the communities after the water
systems were developed have also added te the demand for water services

This study was designed to accomplish three objectives: to (1)
determine whether economies of size exist for the rﬁral water districts;
(2) discuss the social and economic effects of the rural water systems
on the communities; and (3) identify the management functions necessary
to efficiently develop, operate and maintain rufal water systems.

Twelve rural water districts were selected from nine counties in
Oklahoma to reflect the different climatie, topographic and social char-
acteristics that are evident in the state. Questionnaires were sent to
a number of customers in each.district while personal interviews were
held with the managers and secretaries as well as with FHA officials.
Data were also obtained from the records of the water districts.

On the investigation of the economies of size, average cost func-
ticns were developed by using statistical regression procedure to analyze
the cost-size relationships fer rural water districts based on their
source of water supply. The evidence for the existence of economies of
size was shown by the decline in the long-run average cost curves as the
number of customers served increased. The curves obtained by the regres-
sion procedure are also called economies Sf size curves., They show that
reduction in costs could be achieved by increasing the number of customers
served., After a minimum point, the curves begin to rise indicating that

the least average cost had been achieved beyond which costs begin to
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increase as number of customers increases. The curves therefore, could
be used for planning since they show the average total cost per customer
that could be expected for different sizes of rural water districts under
the given conditiens of technology and prices.

Based on the regression analysis of average total cost on number of
customers for districts whichypurchased treated water, the curve that was
derived had a minimum averaée total cost per customer of $67.80 at the
point where the number of customers was 900. The value of the average
total cost per customer varied from $68.50 at the‘point where the number
of customers was 800 to $69.50 when the number of customers was 1,000.

When the volume of water produced and distributéd annually was ex-
plicitly introduced into the equation, the minimum average total cost
per customer was $72.80 when the number of cﬁstomers was 300 and the
volume of water produced and distributed annually was five millien gal-
lons. The minimum average total cost per customer was $77 when the
number of customers was 300 and the volume of water produced and distri-
buted annually was ten million gallons. When the velume of water pro-
duced and distributed annually was 50 million gallons, the minimum
average total cost per customer was $86.90 at the point where the number
of customers was €600, This value was $98.90 when the number of cus-
tomers was 1000 and volume of water produced and disfributed annually
was 100 million gallons. These values indicate that more saving in
costs could be achieved if the customers increased the amount of water
used.

Other shift variables which affected the cost-size relationships
were the density of customers and terrain in the districts. The effects

of these variables on the average total cost per customer were estimated
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by using adjusted investment cost per capita as a proxy variable. The
regression equations derived for rural water districts which use wells
for their source of water supply also indicated that economies of size
exist for the rural water districts.

On the social and economic impacts, results of this study indicate
that the availability of good quality water supply in rural communities
in Oklahoma is actively contributing to the increase in the economic
opportunity and quality of living in the communities. The availability
of water has enabled the customers with the income to improve the quality
of their housing by adding plumbing fixtures, showers, bathtubs and
flush toilets and to use such water~-using appliances as dishwashers,
clothes washers, water coolers, humidifiers and water heaters. Other
uses made of the water from the districts were to wash cars, water gar-
dens, lawns and for livestock.

Small business establishments had located in the communities mainly
because adequate water service was available, Common among these were:
service stations; garages; stores, restaurants; launderettes, trailer
courtss; mobile homes; housing and building: trades. The water districts
had opened up a good market for plumbing fixtures and appliances. On
the other hand, they had cut the business of private well drillers, pump
replacement market and have replaced private water supplies.

The analysis using a dummy variable approach indicated that the
rural water districts have had significant effects on the quality of
living in five rural ;Qmmunities in Muskogee County. The availability
of adequate supply of gooed qualitybwater had facilitated the use of
household facilities in the rural communities for customers who could

purchase the facilities. The economic impact analysis showed that modest
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increases in personal income had resulted from the payroll of business
establishments which had located in the rural communities because water
service was avallable from the rural water districts,.

The communities in Muskogee County did not show increases in popu-
lation because éf the rural water districts. The county in general had
lost population between 1960 and 1970, probably due to the availability °
of more job opportunities in other urban centers outside Muskogee. How-
ever, there has been a relocatian of some housing to areas served by the
water distribution lines.

Two types of change in property value were observed in the rural
communities: (1) new additions were made to the stock of property in
the form of new housesg and expansion of existing homes; and (2) existing
properties appreclated in value as reflected in the increase in real
estate values.,

Compared with alternative sources of water supply for the rural
communities in Oklahoma, the rural water systems are providing, depend-
able, good quality water at a lower cost to the customers.

Efficient management is required for the successful development,
operation and maintenance of the rural water systems. Factors analysis
technique was used to load the variables which are important to the man--
agement of rural Water districts, thus allewing individual variables and
groups of variables to be compared. The functions of management could
be classified as administrative, operation and maintenance. The admin-
istrative function involves: (1) accounting of funds and budget esti-
mating; (2) water rate calculations and billing of customers; (3)
collection of fees; (4) record keeping of persennel, equipment, supplies

and inventories; (5) purchasing; and, (6) custemer relations.
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Operation and maintenance include the following functionsg (1)
treatment of water; (2) maintenance of source of supply; (3) pump and
engine maintenance; (4) maintenance of the distribution system; (5) re-
pair and maintenance of meters; (6) detection and elimination of cross
connections, leaks; and, (7) repair of breakages. If these functions
are adequately performed, the rural water districts will be fulfilling

the purposes for which they were organized.
Conclusions

The evidence for the existence of economies of size for the rural
water districts would suggest that when new applications are receilved
by the FHA from comﬁunities wishing te“form rural water districts, ef-
forts should be made to solicit wider participation in the proposed
district by other surrounding communities. This study shows that cost
advantages can be achieved by larger districts; thus communities might
be better off cooperating with one another where it is technelegically
possible.

Costs of operation and maintenance might also be reduced if con-
tiguous districts coeperatively perform seme management functiens such
as maintenance of the water systems, meter reading, billing of customers
and record keeping.

The FHA should have the responsibility of adequately informing and
instructing managers of the management functions which they must perform
as they begin the development and operation of a rural water system.
Short term worksheps could be organized by the FHA in coeperation with
other agencies such as the Extension Service to carry out this instruc-

tion. It could be held at such time intervals as the FHA finds necessary
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and should include an evaluation process to.determine the effectiveness
of the instruction., Adequate record keeping of all the business ac-
tivities of the rural water districts should be kept as this would im-
mensély assist in future studies of the rural water districts.

The effects on the quality of the watér systems by good engineering
require that the engineer be sufficiently knowledgeable about the rural
areas to be served and that future growth in demand be fairly accurately
predicted when designing the water systems. The formal pattern of oper-
ation with paid management positions could be adopted as this would

increase the efficiency of management of the rural water systems.
Limitations of This Study

The number of rural water districts analyzed was small. The study
involved twelve districts and out of 245 rural water districts in Okla-
homa which were in operation as of December, 1972, Though their methods
of operation and financing are similar, a larger number of these dis-
tricts could be studied for the results to have a wider applicability.
Many districts did net have records on the amount of water produced and
distributed annually.

It was difficult te obtain relevant data on the economic activities
of the rural communities. Being subdivisions of larger communities,
separate data on tax revenues, local government expenditures on rcads,

schools and other facilities in the comminities could not be obtained.
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Need for Future Research

There is need to empirically determine in rural communities that
have gained population, the effect which the availability of water ser-
vice from rural water districts has had in the decision of people to
locate in these communities.

In communities where there has been a relocation of homes to the
areas served by the rural water lines, there‘is need to determine the
impact which this has on land values and on local-government expenditures
for roads, schools, utilities and police protection. There is also need
to accurately analyze the rural communities! potential for growth or
decline to assist in planning for the present and future water service
needs. The correct amount of water service can be determined if there
is accurate information on projected number of residences, businesses
and other establishments that are likely to locate in the rural commun-
ities over time. Research on the costs and benefits of each community
water system would be helpful in determining the desirability of the

community water projects.
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RWD DIRECTORS' SURVEY CONFIDENTTIAL

10.

11.

12.

13.

14,

SOCIAL AND ECONOMIC EFFECT OF RURAL WATER DISTRICTS

Department of Agricultural Economics
Agricultural Experiment Station
Oklahoma State Unilversity
Stillwater, Oklahoma
Summer 1972

Name of your rural water district

County

Address of your rural water district

Name of director

When was the rural water district incorporated?

When did users first get water (approximate date)?

How many users did you have when the waterline first went into use?
How many users do you now have?

Has the line been expanded? vyes no If so, number of
miles of line added

Are you encouraging new customers? vyes no If no, please
explain why not?

Does your water supply system adequately meet present demand?

yes no If no, please explain

Who reads the meters?

How do you bill your customers?

How do you cellect the monthly bill?

What are your major maintenance problems and how are they handled?




16.

17.

18,

19.

20,

21,

quantity, odor, taste) vyes no Comment ¢

95

If you were to replan your rural water district, is there any way
you could reduce the costs of operation and maintain the same quan- -
tity and quality of water? vyes no If yes, please comment:

What advice would you give to a new district that is just being
formed?

Please indicate which of the following apply as a result of the
rural water district:

. Comments
increase in rate of building? yes no
increase in population? yes no
improved fire protection service? yes no
increase in property value? yes no

increase in livestock enter-
prises? yes no

availability and use of house-
hold water using appliances
such as dishwashers, clothes
washers, heaters, dryers, etc,? yes no

elimination of water hauling? yes no

use cof water spraying equipment
such as for herbicidesg? yes no

new job opportunities in the
area served by your RWD? yes no

new business firms in the area
served by your RWD? ves no

expansion of existing businesses
in the area served by your RWD? yes no

Has the RWD helped to keep people from moving out of your district?
yes o

Is the water district making its payments on time: vyes no

Comments:

Would you be in favor of cooperating with other water districts in
the county to handle billing and maintenance? vyes no
Comments:
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22. What is the number one complaint of your water users?

23. Do you have any general comments on the development or operation of
your rural water district that have not been covered above:
yes no If yes, please comment:

24. Rate the following between 0 and 10 as they are of importance to
the management of your rural water district,

(a) good engineering of water system

(b) accurate projection of growth of community
(c) supply planning and use of large-size pipelines
(d) use of good meters

(e) minimum leakage of water

(f) cooperation of board members

(g) dynamic manager

(h) good public relations in the community

(1) regular payment of water rates

(j) salaried manager and bookkeeper

(k) education of manager and bookkeeper

(1) trained maintenance personnel

(m) well kept records

DDB: DGO

mm 7/13/72



SOCTIAL AND ECONOMIC EFFECT OF RURAL WATER DISTRICTS

Department of Agricultural Economics
Agricultural Experiment Station
Oklahoma State University
Stillwater, Oklahoma
May, 1973

Number of Your RWD County
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Amount of Water
Number of Total Water Sold Lost Due to Leakage
Year Began Customers In Gallons In Gallons

Number of
New Homes
Built

1966

1967

1968

1969

1970

1971

1972

1973

Director/Manager ~Address

Secretary /Bookkeeper Address
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RWD WATER USERS' SURVEY CONF'IDENTIAL

INSTRUCTIONS:

10.

11.

SOCTAL AND ECONOMIC EFFECTS OF RURAL WATER DISTRICTS

Department of Agricultural Economics
Agricultural Experiment Station
Oklahoma State University
Stillwater, Oklahoma
Summer, 1972

Name and number of your Rural Water District

Please check the answer or write in an answer as indicated,

Your mailing address and legal description if known

Were you one of the original water district members? yes no

What year did you First get water from the system?

What did it cost you to join the district and get the meter set
(excluding the cost of the line from the meter to your house)?

What is your average water bill per month?

What was your source of water before you joined the rural water
district? cistern own well purchase from other sources
hauled water how far hauled other

(specify)

Why did you join the rural water district? (check one or more)

convenilence cheaper than your previous source better
quality water larger quantity available others
specify

How would you compare this water with the water you were using
before? better as good as worse than

Are you able to use as much water as you need any time. that you
like now? vyes no Comments

Since you joined the rural water district, what new uses in your home

have you been making of the water? (check one or more) showers

bathtubs flush toilet dishwasher aid conditioning with
water cooling system (water cooler) humidifier hot water
heater clothes washer swimming pool wading poeol

others (specify)




12.

13.

14,

15.

16.

17.

18.

190

20,

21.

22,

100

Do you use water from the system (a) to wash your car? yes__no__
(b) to water your garden? yes_no

Do you water livestock from the system?

(¢) for lawn sprinkling? yes no

yves

no If ves,

what type of livestock? dairy  beef  horses___ hogs__ _
chickens

How many of each type?  dairy beef horses hogs
chickens

Did you have these livestock before the water system was installed?

yes no

Please comment if you have added livestock (why):

How many acres of land do you own in the tract which is serviced by

the water system?

If you purchased the land after the

system was installed, what was your purchase price? If
you owned the land before the water system was installed, has the

rural water district increased the value of your land? ves no

If yes, about how much per acre $

entire property $

/

or about how much for your

Have you built a new house or bought a mobile home since you joined
If yes, which?

the rural water district? ves
house mobile home

no

If no new home, have you made any additions to your existing home?

Yes No

If yes, what were the additions?

Has there been any improvement in fire protection services?

yes no

Is your fire insurance now: lower?

higher?
If lower, how much are the annual savings? $

same?

Do you know of new firms which came to locate in your community

after your rural water district was established?
If yes, please list the name and address:

yes no

Have any firms that were previously in your community expanded be-
cause of the rural water district? yes

list the names and addresses:

no

If yes, please

Has there been any increase in job opportunities since the rural

water district was established?

yves

no

don't know




23,

24,

25.

101

Since the rural water district was established, has the population
in your district: increased decreased remained
constant?

Is your main source of income: farm nonfarm retired
If nonfarm, what is your occupation? '

place of employment?

How far do you drive to werk?

Please make any general comments you desire on the development and
operation of the rural water district:

DDB:DO

mm 6/28/72
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Log

Log

Log

Log

Average Fixed Cost Functions for Rural Water

Districts that Purchase Treated Water

95,1286 - 0.1250M + O.OOOO6459M2
(0.0522)* (0.00003986) R™ = .28

98.7168 - 0.3311M + O.OOO8912M2 + 0.001969X + O.OOOOOOO9X2

(0.1403)**(0.,0007647)* (0.001372) (0.00000013)

- 0.00001682XM

(0.00001963) R2 = .34
1.4238 - 0.0003362X + 0.0731D - O.OOOOO476D2 5
(0.0003218) (0,0257)*#**(0,00000876) R~ = .82
R = Log 5.5200 - 0.2587 log M
(0,0564)*
R = log 5.4539 - 0.2739 log M + 0.0154 log X >
(0,1114)* (0.0971) R™ = .38

R = ~log 1.3447 - 0.1591 log M + 00,0417 log X + 0,8568 log
(0,0517) ** {0.0443) (0.0760) #**

R = -log 1.4278 - 0.0712 log X + 0.9028 log D
(0.0277)* (0.0835) ** R~ = .84

In these equations:

R = average fixed cost per customer;

M = number of customers;

X = volume of water produced and distributed annuallys;
D = density and terrain factor;
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* means coefficient is significantly different from zero at
ten percent probability level;

** means coefficient is significantly different from zero at
five percent probability level;

*¥*** means coefficient is significantly different from zero at
one percent probability level;

values in parentheses are standard errors of estimatej and
2
R = coefficient of multiple determination estimating the

variation in costs accounted for by the regression
equation fitted.

Regression Eguations with Average Fixed Cost

Per Thousand Gallons of Water (Q) as the

Dependent Variable

Q = 2.7725 -~ 0.00008186% > (77)
(0.0000344)+# R = .21
Q = -4.4336 + 0,0001272X + 0.009344D - 0.0000025D2 - 0.00000016XD (78)
(0.0001319) (0,003143) *#**(,0000093) *#*%(0,0000001) *
R2 = ,39
Q = 1.8522 - 0.0003348X + O.OOOOOOO3X2 + 0.0206M + O;OOOlM2 (79)
(0.0000424) **+*(0,00000000) ***(0,004339) ***(0,00002365 ) ***
- 0.00000328xM P
(0.00000061) %%+ : R = .78
Log Q = log 4.4361 - 0.4513 log X 5 (80)
(0.0827)* R™ = .47
Log Q = log 1.2488 - 0,4003 Jog X + 0.3896 log D 5 (81)
(0.0885) *#¢+ (0.2667) R™ = .50
Log Q = log 0.8000 - 1.0096 log X + 0.6377 log D (82)

(0.0950) #&= (0.1632) ==

+ 0.,8585 log M
(01111 ) %*= R™ = .83



Log Q = log 5.8598 - 1.0291 log X + 0.7731 log M
(0.,1136) %= (0.1305) *# R =

Regression Equations with Average Cédst Per .

Customer (T) as_the Dependent Variable

Log T = log 3.2903 + 0.3696 log X - 0.0770 log D

(0.1261) ** (0.2164)

- 0.4706 log M
(0.1473) #*e R® =

H

Log T = log 2.6796 + 0.3720 log X - 0.4603 log M

(0.1242)*%  (0.1425)** R =

Regression Eguations with Average Variable Cost

Per Thousand G&allons 9£ Water Produced and ..

Distributed Annually (V) as the Dependent

Variable

V = 0.8355 - 0.00009666X + OQOOOOOOOlX2 + 0.005955M

(0.00001696) ***(,0000000) *** (0,001734)%**

+ O.OOOO2357M2 - 0.00000079XM
(0.00000945) *% (0.00000024 ) *** R =

Log V

.25

.24

log 3.3393 - 0.6342 log X - 0.0830 log D + 0.5330 log M

(0,1270) *== (0.2180) (0.1484 ) %= %

2
R

1l

Log V

i

log 2.6809 ~ 0.6316 log X + 0,5441 log M
(0.1251) %= (0.,1436) *+* R™ =

.45
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Cost Punctions for Rural Water Districts

that Own Wells

Regression Equations with Average Fixed Cost

Per Customer (5),_§§ the Dependent Variable

R = 135,5044 - 0.8769M + O.OOlSM2

(0.3829)* (0.00077)*

Log R = log 8.3736 ~ 0.9385 log M
(0.1252) %=
Log R = log 9.3985 - 0.,5054 log X -~ 0,1360 log D

(0.1272)** (0.1128)

Regression Equations with Average Fixed Cost

Per Thousand Gallons of Water Produced and

Distributed Annually (Q), as the Dependent

Variable

2.3256 - 0.0002314X + O.OOOOOOOlX2
(0.00005882) **(0.0000000) *#*

jo
i

Q = 2.8124 - 0.0003164X + VO.OOOOOOOiX2 -.0.00003773D
(0.00009236) *#*(0.00000000) ** (0,00004005)

Log Q = log 8.1776 - 0.9453 log X
(0.0826) *#

Log Q = log 8.4835 ~ 0.9221 log X - 0.7293 log D
(0.0904) ### (0.0801)

Log Q = log 8.0033 - 0.7643 log X - 0.2893 log M

(0,2434) %= (0.3650)

.67

.93
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Regression Equations with Average Variable Cost

Per Customer (T) as the Dependent Variable

T = -28.3332 + 0.9963M - 0.0024M°
(0.6712) (0.0014)

T - 118.8563 + 0.0263X +.. 0.00000174X° = 2.2214M

(0.007837)%*%(0,00000081)** (0.96601)**

* O,Ol45M2 - 0.0003245MX
(0.00748)* (0.0001498) *=*

Log T = log 10,8607 - 1.4533 log M
(0.3098)*
Log T = log 6.3508 + 1.4375 log X + 0.3427 log D
(0.3752) *»= (0.1283) **
~ 3.7322 log M
(0,5873) *%=
Log T = log 8.4724 + 0.12333 log X - 3.1889 log M

(0.4764) (0.,7145) **

Regression Equations with Average Variable Cost

Per Thousand Gallons of Water Produced and

Distributed Annually, (V), as the

Dependent Variable

2.0189 ~ 0.0001633X ~ 0,0000561D + OQOOOOOOOlD2

V =
' (0.00007022)*%(,00003045) *(0.00000000) *
V = 2.9630 + 0.0003198X + O,OOOOOOOGX2 - 0.0437M

(0.0001622) % (0.00000002)*#%(0.0200) **
+ 0.0004105M° - 0.00000923XM
(0.0001548) *¢#(0,0000031) *#*

log V = leg 9.9565 - 1.1561 log X N
(0,2271)+ _ e

R2 = .51
R% = .95
R® = .69
R2 = ,91
R2 = .82
R2 = 390
R2 = 072
2
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log V = log 6.4610 + 0.4455 log X + 00,3477 log D - 2,7804 log M (104)
(0.3805) (0.1301)** (0.,5956) %=

R2 = ,93



APPENDIX D

10 - FACTOR MODEL ANALYSIS OF VARIABLES

AFFECTING MANAGEMENT OF RURAL

WATER DISTRICTS

109



VARIABLE MEAN STANDARD
‘ DEV IAT IGN
A 7,50000 1. 83402
) 5.61667 1.52865
C 44 75000 1.42223
D 8.91667 1.37895
E 7.83333 1.11464
F 8.00000 1.641421
3 5. 75000 1.21543
H 7. 66667 1.61433
I 8.66667 1.43548
) 7.25000 1.65851
K 24 75000 1. 21543
L 6.50000 1, 16775
M 7.50000 1.24316
A [ o
A 1.00000 0.21846 0.01743
) 0.21846  1.00000 0, 30657
[ 0.01743  0.30657  1.00020
D 0.01797 =-0.12249 =-0.05794
3 ~Ue44470  0.28897  0.14337
F 0.35050 0.03333 -0.18079-
G 0414274 04264238 -~0.09203
H Ue49128 0.07786 0.0
1 0,27625 0.,08756 0.35623
J ~0.06684  0.36261 0. 76127
K 0.06117 =-0.37812 =0.51276
L 0416979  0.50456  0.19158
M 0.03987 -0,17062 0. 07713
K L L]
A 0.06117  0.1697S 0, 03987
B ~0.37812  0.50456 =~0,.17062
c -0.51276 0.19158 0.07713
0 0.42037 -0.53633 -0Q.50279
E -g-;izg; 0.0 0432803
. ~0s44039 -0.10342
[} 0413846 ~0,41633 =-0,51141
H 0446332 ~0.14467 =-0,45299
I 0.36474. -0,43386 -0.20377
J ~0423679 -0,07042 0.06615
K 1.00000 -0.48038 0.09025
L 0448038  1.00000 ~0.12524
M 0.09025 -0,12524  1.00000

CUMULLATIVE PERCENTAGE OF EIGE NVALUES

0.32598 0.52376 0.,66755
FIGEN VALUES -

423769 2.57120 1.87447

0.01551 0. 00000 0.00000

CORKELATION

D

J.01797
-0.12249
~0.05794

1.,000340
=0s 24644

0. 65264

0.52885

0. 63980

0.,44395

0.24867

0,42037
-0.,53633
-0.50379

0.77286

1.36385

E

=D, 444
V.25837
Us 14337

~Js24044
1. 00000

-0. 40370

-0.15776

-0, 625994

-0.32196
0.66723

-0+ 36907
0.0
0.32833

0, 84843

0.98237

FACTL& ARaLYSIS

MATRI X

€ G H
0. 35050 Qs 14274 0,49128
02333 J.24238 J.J37786

-0.18079 ~0,0%203 0.0
0.65264 0.52885 0.52980
-0,60373 -0.16776 -2.53934
1. 00000 0.42311 0.5£768
J.42311 1.00u00 0.60232
0,55748 0,60232 1,3200%
0, 22391 0, 52105 0.57527
~3.03876 -J.01128 0.23396
0.31733 0.13846 0.4£322
-0 44039 -0.41633 =~0.14467
-0.10342 ~0,51141 =D.%529%

0, 30579 0.95289

0. 74574 0.61223

1

0.27625
J.2875¢
J2.35523
0. 443295
~3+32196
2.2273391
0. 52105
1.57537
1.00000
0.38185
D.36474
-~0.43385
-0.20377

0.97856

0.33753

J

—~0.J64EG
0.3626a1
0.76127
0.24847
0.,46723

-0.,03875

-0.01128
0.0339¢6
0.36189
1.00000

-0.23679

-0.07042
0.06615

0.99526

0.21318

0.798861

J.06512

OTT



A
8
C
b
E
E
G
H
-1
-J
K
L
M
A
8
[
)]
E
CE
G
H
I
4
K
L
]

FACTOR

1

2

3

&4

5

6

* 7

8

9

10

1

0435597
-0.11478
-0.18712

0.80798
-0.61313

0.71945

0.70173

0.87311
- 065562
-0.05381

0.59394
-0.52891
-0.44320

1

0.20946
-0.17849
0.12202
~0.03642
-0.87996
0.18617
0.,02219
0.42626
0.25128
-0.39554
0.14233
0.17459
-0,.18411

VAR IANCE

1. 38736
2.12410
1.74395
1.48480
le44449
1.62922
1.55006
1l.23542
0.33189
0.05320

2

0.15843
0.69890
0, 81840
0.13153
0.26802
-0,03359
0.25488
0.18572
0.42980
0.81584
-0.49403
0.23462
~0.22069

2

0.00561
0,20487
0,92573
0. 19044
0.15687
~0.07313
= U0e 04472
0414643
0.51820
0.89796
=0.,23771
-0.02788
0.05747

PERCENT

10.68
16,36
13,43
11 44
11.12
12,55
1194
9.51
2456
0441

3

-0.56513
-0.37133
0. 14440
0.29812
0.50412
-0, 00361
-0.00095%
-0.27457
0. 21481
0.46170
0.22813
~0.74454
0.33505

3

C. 13064
0,03243
-0.10729
0. 64302
-0.16778
0.,93842
0. 24829
0.32295
0.04000
04 09969
0.18128
~0. 42509
-0.03174

4

-0.55716
0.16199
-0.29367
0. 24918
0425497
-0.08521
0.40596
~0.09495
~0.27456
-0.16297
-U.23848
0.02961
-0.68780

4

-0.06219
0. 06193
-0.08539
0.53634
- 0.20421
0.01053
0.30695
0.34951
0.12424
0, 04995
~0+06039
0.12619
-0.94152

FACTQOR MATRIX

5

0. 25092
0.42960
-0.31463
0. 00302
0.38718
0. 48345
0. 18783
-0.08328
-0.26163
~0.00403
-0.01366
~0.11199
0.34215

RITATED
5

0.14421
0. 92891
0.12038
-0.21977
0. 14595
0.01443
0. 09453
0.06182
~0.04844
0.11503
=-0.21560
0.62108
-0.12631

6

0.902791
0. 21862
-0.17668
-0. 32744
0.14752
~0.42848
0.33355
J3.00248
037935
-0.13593
0.26653
-0Q. 05395
0.,07603

7

-0.11511
0. 19686
-0.15049
0,19590
0.11817
-9.08211
-0.31305
J.16187
-0.06965
0. 21296
0.46532
0.29171
-0, 04974

FACTIR MATRIX

. 6

“0.05707
0415449
" 0.00313
0423673
~0. 02564
0.17997
.0.90803
0639579
0.51797
-0.01852
0.07780
-0.45486
-0s22411

CHECK ON COMMUNAL ITIES

VARIABLE

XM XemIOMMOO® D>

ORIGINAL

0.99980
0.99958
0.99992
0.99995
0.99618
0,99916
0.99849
0.99779
0.99688
0.99819
0. 99894
0.99961
1.00000

7
0.02081
-0.13278
~0. 29586
0.352 8¢
=0.16320
0.10031
0.05077
04 42435
0.42884
B.04569
0.91233
-0.27665
0.07515

8

J0+36681
-0.20234
-0.15155

0.11765

0.19681
~0.20326
-0.01850

0.00186
-2.05172

0.12 701
-0.07273
-0.04620
~0.13678

8

0.954l6
0.11918
-0.01685
-0.01579
-0.28005
0.18437
0.06084
0.35975
0.19886
0.,00622
0. 01288
0.14789
0.05571

FINAL

0.99980
0.99958
0. 99992
0.99995
0.99618
0.99916
0.,99849
0.99779
0.,99688

0.99819

0. 99894
0.99961
1.00000

3 10
0.05548 =0.32254
0.11432 -0.00927

-0.,09244 =-0.06049
0.02410 =-0.13722
-0.06704 ~0.02015"
0.07887 0.03939
-2.17531 -0.,026l6
-0.28241 0.0605%
0.20154 -0,01708
-0.00698 0.09972
-0.00601 -0,01094
-2.06349 -0.05373
-0.14845 -0,0589%

9 10
0.00705 -0.00015
0.04232 0.,22293

-0.00987 =~0.08265
-J3.04605 =-0,17326
~0.01906 0.J0052
0. 00546 0. 04150
-3.01741 -0,00970
-0.31157 0.03383
0.39259 0. 00523
0.00409 0.08461
0.02465 -0.00025
-0.27453 -0,07284
=0.00553 -0.01924
DIFFERENCE

0. 00000

0.00000

0. 00000

0. 00000

V.02000

0.00000

0. 00000

0.00032

0.00000

0.00000

0.00020

0. 00000

0.00000

T1T



ErXC=TITOTMMOO TP

1

0.17292
-0.05576
-0.09090

0.39250
-0,29784

2

0, 09880 -0.41277
0.43586 -0,27122

0.,51039
0.08203
0.16715

0.34949 =~0.02095
0.15895 =-0.00070

0.34088
0.42414
0.31848
-0.02614

0.11582
0., 26804
0.50879

0.,28852 -0.30809
0414632 --0,54381
-0.21529 ~0.13763

~0.25693

LISTING OF THE TRANSFORMEO INPUT DATA

@® N~ 0O Vv Fpr WW NN

00

10
10

11
11

12
12

© -

®

1 1.35841
8 0.68822
1 1.18265
8 ~-1.22046
1 0.17694
8 1.08307
1 0.29426
8  -0.27946
1 =0.30983
8 -0.40620
1 -0431695
8 0.24287
1 -1.18527
3 =1.30524
1 1.02856
8 -0.86223

0.3641%

-0.53021
1 -1l.65784
8 0.82531
1 -1.37876
8 =0.25712

0. 44366

2402144

-0.,08364
-1.85112

1.11587
~0.53909

2.08388
0.05896

0.45135
0469430

-0, 5875
-0.32552

~0.4729%
0.57363

~0.55010
~1.57580

-1. 44553
1.11960

0. 41394
1.57390

0. 32967
0.37671

0.13836
-0.05338

~1.39335
-0.05280

3 4
-0.47708
0413871
0.10547 =-0,25147
0.21774  0.21337
0.36821  0,21832
-0, 00264 =0.07296
0.34762
-0,20055 =~0.08130
0,15690 =-0.23510
0433722 -0.13955
0416652 -0.20420
0.02535
0.24472 -0.58895
Q¢ 48330 -0.24803
-0.555581
0.02137 -0.23771
1.95840
- 0. 63070 0.06285
-1,35701
-1.05021  1.59102
0,27625
1.59475  1.31027
0.38806
1.27313  -0.16027
=0.07463
-0, 75248 =1,06340
-0.82876
-1.48341 =-0,14287
~0.56882
1.36884 -1.38351
-0.78885
-0.60734 ~1.16684
1.54511
0.07609  1.,47513
-0.63538 :
=0.29334 ~0.03666
0454127

EIGEN VEC
5
0.25922
0. 44352
-0,31744
0, 00305
0, 39064
0.48777
0.18951
-0.08433
-0.26397
~0.00407
-0,01378
-0.11299
0. 34521

0495234

0.28916

~0,82303

-0.89555

-0.80126

-1.30625

~0.973%9%

0036934

0.67959

0.45147

2410449

-0.04630

TORS
©
0.03232
0,25316
~0.20460
~0.37918
0.17083
-0.49618
0.38625
0.00287
0,43928
=0,15740
0.30864
-0.06247
0. 08804

1.20431

~0, 45435

-0.03212

~0.17231

~0.15236

1.49041

~0.85411

0.97893

-1.09709

1.02143

~0.17215

-1.76139

T

-0.16712
0.25159
-0.19233
0425235
0.15102
-0.10494
-0.40209
0. 20688
-0,08902
0.27217
0.59469
0.37282
~0s 06357

-0.49381

0.01676

1,08855

~1.50647

1.92981

-1431115

-0.35322

1.07453

-0.33220

3.50032

~0.42942

-0.18370

8

Je53127
~0.,34823
-0,260861

3423248

0.33870
-0.34980
-0.03201

0. 00320
-0,08931

0.21859
-0.12517
~2.07950
~0,23540

3

Jl.l2017
2426595
-0, 20022
2.05219
-0e14520
0.17082
-0.37963
-0.61165
J.43651
~0.01512
-0.01302
-0.13751
-0.32151

ITERATION
CYCLE

-
oo wcUurwNrO

12

10

-0.10682
-0.064314
-0,28168
~0.638%6
-0.09384
0.18339
-0.,12179
0.28176
-0.07953
0.46431
-0, 05093
~0.25020
-0.27451

VARIANCE

0. 166934
0.326911
04427696
00 444144
0. 450054
04450910
04451145
0.451307
0.451424
0.451499
0.451540
04451561
04451570
0.451573
0. 451575
04451575
04451576
04451576
0. 451576
04451576
0.451576
04451576

AN
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