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.ABSTRACT

The major objective  of th i s  study is  to apply the stepwise m ulti­
p le  regression ana lysis  technique to develop pred ic tive  water demand 
models for Oklahoma u t i l i z in g  socio-economic, environmental and 
climatological in d ica to rs .  The p red ic tive  demand models developed are 
municipal and domestic water demand model, in d u s tr ia l  water demand 
model, i r r ig a t io n  water demand model, per cap ita  municipal and domestic 
water usage ra te  model and to t a l  water demand model for the State.

Data analysis and the technique used ind ica te  tha t the S ta te 's  
municipal and domestic water demand is  a function o f  to t a l  population, 
non-agricu ltu ra l employment, g ro ss-s ta te  product and p re c ip i ta t io n .
The S ta te 's  in d u s t r ia l  water demand model is  formulated by to ta l  
population, non-ag ricu ltu ra l employment, coal production and p re c ip i ta ­
t io n .  The input fac to rs  fo r  the S ta te 's  i r r ig a t io n  model are per 
cap i ta  income, i r r i g a te d  ac res ,  land in  farms and p re c ip i ta t io n .  The 
s ig n if ic a n t  explanatory variab les  in the S ta te 's  per cap i ta  municipal 
and domestic water usage r a te  model are to t a l  population and per 
cap ita  income. The S ta te 's  to t a l  water demand model is a function of 
to t a l  population and to ta l  employment.

.\nalyses o f  the r e su l t s  indicate th a t  Oklahoma municipal and dom­
e s t i c ,  in d u s tr ia l ,  i r r ig a t io n  and to ta l  water demands are expected to  
be increasing. The per cap i ta  usage ra te  is  a lso  expected to exper­
ience a s ig n if ican t  gain in  future years. The re su l t s  show tha t with 
the projected water requirements for Oklahoma and the estimated to t a l  
water resource development p o te n t ia l ,  the State has s u f f ic ie n t  water 
w ithin i t s  boundaries to s a t i s f y  a l l  present and future needs. But the 
d is t r ib u t io n  of water resources, present or p o te n t ia l  development, i s  
not ideal throughout the S ta te .  I t  i s  concluded in th is  study tha t the 
Southwest twelve region, the South Central e ight region, the Central 
f ive  region and the Northwest eleven region are expected to  su ffe r  from 
a lack of water sources, while the Southeast e igh t region, the North 
Central nine region, the Northeast f i f te e n  region and the East Central 
nine region are expected to  have a surplus of water by the year 2050.

The mathematical models should be valid  fo r  some time to come, tha t 
i s ,  the technica l c o e ff ic ien ts  and decision var iab les  should not change 
s ig n if ic a n t ly .  The models v a l id i ty  can be confirmed by annual inventory 
updating. Marked changes in  annual inventory from year to  year would 
suggest exploring the need fo r  adjusting the technica l co e f f ic ie n ts .

I l l
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MATHEMATICAL WATER DEMAND MODELS 

FOR THE STATE OF OKUHOMA

CHAPTER I 

INTRODUCTION

General

Development of n a tu ra l  resources plays a very important role in 

general socio-economic development in the United S ta te s .  I t  depends to 

a large extent on the q u a l i ty  and quantity of information upon which 

programs and plans can be based. One of the most important issues in 

th is  country i s  the co l lec t io n  of natural resource information and 

development of short and long-range demand and supply models.

In f a c t ,  na tiona l governments cannot build  th e i r  plans and proceed 

in  planning programs fo r  socio-economic development by guesswork. 

Therefore, add itional data on natural resources physical charac te r is t ics  

and re la ted  economic and soc ia l information must be assembled before 

any more na tu ra l resources can be brought in to  use. Premature commit­

ments to  resource development projects can be a r e s u l t  of the pressure 

for action without enough infomation in hand to evaluate them adequately. 

Attention must be given by those who are concerned with national socio­

economic development to  accure socio-economic development programs i f  

a ce r ta in  proportion o f  th e i r  budget i s  contributed to  produce informa­

tion and data  base concerning long-range demand and supply resources.
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There i s  no doubt th a t  water is  considered to be one of the most 

s ig n if ican t  foundations fo r  development in  both developed or under­

developed countries . Effective water demand models are highly desired 

spec ia lly  with abundance of petro-chemicals and other natu ra l resources. 

Water i s  a necessary and should not be separated from economic develop­

ment. Projections o f  water requirements were less important to national 

planning when population was less  and supply was abundance. Popula­

tion , in d u s t r ia l i z a t io n  and migration of people from ru ra l  to  urban 

areas have increased in  the United S tates as well as many other areas 

in the world, s p e c if ic a l ly  the la s t  ten years, c a l l in g  fo r  b e t te r  

national planning which includes water projections - p ro jec tions look­

ing at to t a l  so c ie ta l  e f fec t on demand (1).

The necess ity  o f  forecasting or p redic ting  fu ture  water requ ire ­

ments needs no techn ica l or fo r  that matter public support. There are 

many fac tors  which might control our future development, such as urban 

growth, megapolise, suburbia, e tc . .As a phenomena o f  the present time, 

planners, resource economists, engineers, geographers, eco log is ts  and 

other s p e c ia l i s t s  r e la te  urban growth to a great v a r ie ty  of fac to rs ,  

and water always appears in  e i th e r  the objective function or i t s  con­

s t r a in t s .  Doxiades (2) expressed the population growth in .a  function 

of energy, food and water as follows;

G = g (E, F, W) ...................................................... (1-1)

where: F < F,= L

W < W, = L

G = population growth.



= upper lim it of food production,

= upper lim it of water production.

According to  h is  study, sea resources w il l  need to be tapped and 

water and food have a present f in i te  l im its .  There are several stud­

ie s  th a t  ind ica te  a present evidence of water shortages. I t  should be 

c lea r  here th a t  in  an economics sense, a water shortage ex is ts  only in  

a lack o f  w ill ingness  to pay. This stage has not been reached yet. 

Therefore, these shortages might be due to shortage of planning, not

water shortages. However, there are several areas th a t  do re f le c t

a physical lack of th i s  commodity (3).

.At present time, no one can no longer look at water but must now 

look at i t s  in te ra c t io n  with other elements in  the environment. In 

other words, now planners must consider the whole system. With the 

technology ava i lab le  to the world these days, a va r ie ty  of techniques 

and approaches have become available to  allow planners to  look a t  the 

future and bring  a l l  the in terac tions  over time in to  play. New com­

pute r  c a p a b i l i t ie s ,  econometric and operational records techniques 

provide the to o ls  and concepts which have made i t  possib le  to build 

models to  estim ate and forecast our fu ture  requirements in whatever 

area of study we are in te res ted  in  [4).

The Role of Water in Development

Man now is  curren tly  in  a t r a n s i t io n  phase from days when i t  was

assumed water was p le n t i fu l  to  an immediate future in  which use w ill  be 

governed by increasing  sca rc i ty  in  various p a r ts  of the world. .As



a re su lt  of the changing and rapidly r is in g  pa tte rn s  of demand for water 

in the world, searching out new approaches, making new decisions and 

changing old-fashioned p o l ic ie s  are some of the issues th a t  are 

facing governments. Water should be viewed as a fac to r  input in produc­

tion  process and be made to  find optimum combinations o f  those inputs 

since the a v a i l a b i l i t y  of water can no longer be taken fo r  granted (5).

There are number of reasons for continuing increase in  the demand 

for water. In sh o r t ,  these reasons can be s ta ted  as follows:

(a) the growth in  population;
(b) the acce le ra ting  influence on consumption of improved 

standards of l iv ing  stemming from increased r a te s  of 
urbanization;

(£) the growth taking place in  w ate r-re la ted  commodity production 
and se rv ice  indus tr ies  in terms of both absolute and re la t iv e  
to  the economy as a whole (5, p . l ) .

In many countries  of the world and as a r e s u l t  o f  th i s  galloping 

r ise  in  demand fo r  water, the supply p ic tu re  is  governed by r is ing  

costs and the f in a n c ia l  l im ita tions  on resources the governments must 

observe.

In a repo rt  from the Department of Economic and Social Affairs 

a t  the United Nations (51, i t  is  ind icated  tha t n a t io n a l ,  regional 

and local governments have a s ig n if ic a n t  and fundamental role to 

play in  ad ju st ing  the socio-economic and physical frame work of th e i r  

countries to  the changing pa tte rns  of water uses. In th i s  report,  the 

advantages of estim ating  the foreseeable demands fo r  water are d is ­

cussed. I t  i s  s ta te d  tha t an assessment of the fu ture demands for 

water is  the b a s is  o f  the long-term planning fo r  water resources which 

enables Governments:

(a) To a n t ic ip a te  problems in the areas o f  the country or in 
sec to rs  o f  the economy;



( y  To recognize those factors th a t  might be changed in  order to 
f o re s ta l l  problems and avoid decisions th a t  might exacerbate 
the s i tu a t io n ;

(c) To recognize those factors  th a t  are embedded in present social 
ob jectives and p rac t ices  which have s ig n if ican t  e f fec t  on 
water use but have not generally  been considered to  be sub­
j e c t  to  control fo r  the purpose of influencing water p o lic ie s  
and p rac t ic e s  (5, p . 2).

Technological invention and innovation w ill have a great impact on 

the d irec tion  of water use and control over the future years. Some 

o f  these technologies a ffec t in g  water use and/or a v a i la b i l i ty  w ill  come 

about as a r e s u l t  o f  technological progress which i s  not sp ec if ica l ly  

re la ted  to  water while spec if ic  research undertaken to solve water 

problems w il l  be the con tro lling  fac to r  in  developing many o f  the tech­

nologies.

Importance of Adequate Planning 

Water q u a l i ty  and quantity  are not the only two issues associated 

with water and i t s  ex is t in g  problems at the present time. In addition 

to  them, there i s  a m atter o f  location of sources, surface or ground 

supplies, means of tran sp o r ta t io n ,  costs and f inanc ia l cap a b il i t ie s  to  

handle a so lu tion  to  the problem. Each problem re la ted  to  water 

requires specia l study because the ram ifications of the water problem 

vary with lo c a l i ty .  However, economics i s  the common fac to r  in a l l  

problems. The nature o f  the water problem should be examined and eval­

uated early  in  i t s  stages so tha t the financing of a so lu tion  can be 

allocated  over a long period of time. Furthermore, engineers and plan­

ners should provide fu l ly  planned development of water resources, not 

p a r t i a l  planning (6).



In the S tate  of Oklahoma, the future demands fo r  water and the 

adequate water supplies w il l  increase based on the fa c t  of the economic 

growth of the S ta te .  The geographical location of t h i s  growth and the 

rate  o f  growth w il l  influence the nature of water problems. Supplies 

of water must be ava i lab le  when they are required and for the areas of 

the State having p r io r  requirements. Therefore, the timing of in ­

creased needs for water w i l l  be important in order to  provide adequate 

plans and th e i r  associa ted  financing supports.

In f a c t ,  the general shortages of water are some of those issues 

tha t cause p o l i t i c a l  subdivisions. Moreover, adequate planning w ill 

a s s is t  the S ta te  to  lay claim to enough water passing through i t s  

areas to meet fu ture needs and p ro jec t i t s  future development. There 

are several types of storage reservo irs  tha t vary from small farm ponds 

to major rese rvo irs  which depend on t>p)es of storage as well as purposes 

they might serve. The S ta te  needs to assess i t s  a g r ic u l tu ra l ,  in ­

d us tr ia l  and municipal water needs in order to bu ild  i t s  future water 

development p ro jec ts  on r e a l i s t i c  b as is .

The basic  challenge of water demand projections l i e s  in try ing  to 

foresee in  time and to  describe quantit i v e ly the in te ra c t io n  between 

the physical and soc ia l  aspects of water management.

In a report from the  United Nations (7), i t  is  s ta te d  th a t  i t  is  

much more d i f f i c u l t  to e s ta b l ish  the spec if ic  framework through which 

water demands can be assessed and compared to  availab le  supplies in  a 

comprehensive and system atic fashion, so as to provide a sound founda­

tion  for water management po lic ie s  and planning. This concept is  ex­

plained in  th i s  report and s ta ted  as follows:



This s i tu a t io n  is  due to  the following reasons;

(_1 ).  Water presents i t s e l f  and is  used under a multitude 
of forms and conditions. All natura l resources 
occur under d if fe re n t  conditions and are used fo r  
many purposes, but the diverse and complex con­
d it ions  to  be considered in the demand/supply 
re la t io n sh ip  are p a r t i c u la r ly  s tr ik in g  in  the 
case of water. Some water uses are extremely 
d i f f i c u l t  to  in te rp re t  and quantify in common 
physical terms and un its  of measurement. Some 
water uses and demand are so in t r i a c t e ly  t ie d  to  
the supply th a t  i t  i s  v i r tu a l ly  impossible to 
separate them in terms of assessment (e .g .  ra in -  
fed ag r ic u ltu re  and fo re s try ) .  F inally , there 
are a few water management a c t iv i t i e s  th a t  are 
not uses or demands in  themselves, but do e f fe c t  
the balance between demands and supplies consid­
erably  (e .g .  flood loss management, erosion con­
t r o l ,  and po llu tion  con tro l) .

(2_). Further d i f f i c u l t i e s  a r ise  with regard to  the econ­
omic and soc ia l  diversions o f  the demand/supply 
re la t io n sh ip .  Although demand and supply are 
i n i t i a l l y  assessed and compared in physical terms, 
the b as ic  questions re la t in g  to th e i r  balance 
are e s s e n t i a l ly  of an economic nature and can 
only be answered on the basis of information 
r e la t in g  the soc ia l  and economic costs and bene­
f i t s  which p e r ta in  to  the various leve ls  of 
supply and demand. Such information is  normally 
d i f f i c u l t  to  obtain and thus any attempt to 
quantify  the values i s  inev itab ly  t ie d  to  sub­
je c t iv e  value judgments...............

(_3). The th i rd  d i f f i c u l ty  a r ises  from the extremely 
d iv e rs i f ie d  in s t i tu t i o n a l  s truc tu res  which pro­
vide data on water demands and supplies, and 
which process and make available  data fo r  fu r th e r  
app lica tion . As a r e s u l t ,  data are sca t te re d  
among the many branches and departments of loca l,  
regional and national water re la ted  adm in is tra t ions . 
These adm inistrative regions, whether lo c a l ,  
regional or national do not necessarily  and do 
not normally r e la te  to  the hydrological systems 
(e .g . r iv e rs  and ground water basins) involved.
This fu r th e r  aggravates the problems, s ince water 
planning which is  based on available  da ta ,  then 
does not r e la te  to the hydrological un it  concerned. 
Data requirements fo r  demand/supply s tud ies  usually  
involve a number of public adm inistrations and 
s t a t i s t i c a l  services which each apply i t s  own sys­
tem and t r a d i t io n  in  grouping, processing and pub­
l ish ing  the required information (7, p. 2, 3).



Problems with Water Resources in Oklahoma 

Water has become a very s ig n if ic a n t  fac to r  in  economic development 

in  Oklahoma. Therefore, proper planning has become a necessary pre­

re q u is i te  to water resource development. A continuing data co llec tion  

and research program are needed to insure fu l l  u t i l i z a t io n  of a v a i l ­

able resources. Environmental planning must also be recognized as a 

v i t a l  p a r t  of resource development. Since resource development in ­

volves large expenditures, future plans should be developed to  meet 

federal funding requirements.

Oklahoma has several problems associated with water resource 

development. These problems deal with ground, surface and atmospheric 

water q u a l i ty  and quan tity .  Moreover, there are some problems tha t 

are concerned with water resources planning, the geographical d is t r ib u ­

tion  and le g a b i l i ty  o f  water.

The f i r s t  problem area deals with the inadequacy of water r e s ­

ource planning in  the S ta te .  Although water resource development in 

Oklahoma has progressed s ig n i f ic a n t ly  since i t s  beginning, the State 

needs a well defined long-range water resources plan. A concise well 

defined plan of development w il l  be necessary to meet future water 

requirements. The continuing increase in the S ta te ’s population, land 

i r r ig a te d  fo r  food production, education expansion, urbanization, 

in d u s tr ia l iz a t io n  and many other socio-economic, environmental as well 

as technological development w il l  make the State face the problem of 

ever increasing municipal, in d u s tr ia l  and a g r ic u l tu ra l  water demands.



Sound planning procedures must be followed and applied on a s t a t e ­

wide basis  and a well defined, yet f lex ib le  implementation schedule 

must be developed. Following these p r inc ip les  w il l  insure adequate 

water for a l l  areas o f  the S tate  fo r  many years.

The Oklahoma Employment Security  Commission has p ro jec ted  the 

S t a t e ' s  population to  reach 3,772,800 by the year 2000 and 4,962,500 

by the year 2040. This increase of the S ta te 's  population w ill  in ­

crease the number o f  dishwashers, garbage disposals , automatic washing 

machines, cars and equipment to  be washed. Municipal water consump­

t io n  i s  expected to  increase as well as the per cap ita  municipal 

water use. Records from the Oklahoma '.Vater Resources Board show that 

approximately one m illion  acres of land are being under i r r ig a t io n  

at p resen t,  and th is  is  expected to  double within the next 20 years. 

Water must be ava ilab le  to  Oklahoma to meet future water requirements.

There is  a great demand fo r  a well defined long-range planning 

program for water resource development in the S ta te . In order to 

achieve such a p lan , a number of problems must be overcome. F i r s t  of 

a l l ,  accurate complete data i s  the basic  element necessary in  plan 

formulation. Planning based on incomplete or inaccurate  data can 

r e s u l t  in expensive and possib ly  t ra g ic  e r ro rs .  Information must be 

co llec ted  on a regu la r ,  long-term bas is  to insure considera tion  of a 

complete range of possib le  values p r io r  to resource development. 

Therefore, there i s  a demand fo r  more adequate data systems fo r  d i f ­

fe ren t categories in  water resource development. Hydrological data 

and i t s  dynamic nature n e ce ss i ta te s  programs which p e r io d ic a l ly  monitor 

these systems reac tions  to  man's a c t iv i t i e s .  Changes genera lly  occur
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gradually and sometimes years of monitoring are necessary before 

d e f in i te  trends can be shown. Therefore, information co llec ted  over 

a long period of time is  more rep resen ta tive  than short term data. On 

the other hand, climatology, well monitoring and stream flow gauging 

are among the da ta  which need to be co llec ted . There i s  a demand for 

more s i t e s  and te s t in g  s ta t io n s  to c o l le c t  more adequate information 

on surface and ground water and water qua l i ty .  Land use data ava i la ­

ble through o ther  S ta te 's  agencies should be system atica lly  collected. 

Moreover, data on socio-economic parameters in  the economy as well as 

h is to r i c a l  data on water demands for d if fe re n t  categories of water use 

should be more comprehensive and adequately gathered. In short ,  a 

more de ta iled  type of data i s  necessary fo r  sp ec if ic  plan formulation, 

p ro jec t  design and operation and regula tion  program development. Pro­

grams to gather th i s  more de ta i led  da ta  are highly required in  the 

S ta te .

Another issue to  be considered in  order to  achieve such a long- 

range planning program fo r  water resource development in  the S tate  is  

encouragement of research programs whidi provide t!ie additional in fo r­

mation necessary in  formulation of planning techniques. .Additional 

research i s  needed to develop new techniques and programs fo r  more 

effec t iv e  u t i l i z a t io n  of ex is t in g  data. Research i s  also necessary to 

increase general knowledge o f  ex is t ing  resources and w il l  overcome the 

problem o f  resource development. Research i s  desired to  s ta b i l i z e  a 

systematic methodologies fo r  making statewide water requirements es­

timates fo r  both short and long-ranges. Research using computerized 

models to simulate the hydrologie behavior of ground and stream water
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systems i s  needed. Stream and ground water research programs are need­

ed to  be expanded. Water q u a l i ty  research programs are also needed 

to be expanded. In sh o r t ,  research programs w ill help to develop 

more s p ec if ic  methods of exp lo iting  more e f fec t iv e ly  the S ta t e 's  

water resources.

The second problem area facing water resource development in  the 

State deals with the geographical d is t r ib u t io n  of water resources 

and the varia tion  in t h e i r  q u a l i t i e s .  The eastern  h a l f  of the S ta te  

receives from 52 to  56 inches a year of r a in f a l l .  The amount o f  

p re c ip i ta t io n  sharply declines from east to  west. The lowest average 

ra te  o f  p rec ip ita t io n  in  the S tate  i s  15 inches in the Panhandle. The 

highest vaporation ra te  i s  65 ind ies  in  the southwest. Conversely, _ 

the h ighest p re c ip i ta t io n  ra te  i s  in  LeFlore County in  the extreme 

southwest with an average annual ra te  of 56 indies. Runoff v a r ie s  

from 20 inches in the southeast to  0.2 inches in the Panhandle. The 

cumulative runoff amounts to  6 m illion  ac re -fee t  annually in  the 

southeast and 820,000 ac re -fee t  a year in the northwest. The to t a l  

for the S tate  is  22 m illion ac re -fe e t  a year. The annual lake evap­

oration  ranges from 46 inches in  the northeast to 64 inches in  the 

southewest. I t  must be considered th a t  western i s  subject to flooding 

and the re  are prolonged periods in  the east when p re c ip i ta t io n  drops 

to a f ra c t io n  of the f igures  quoted above. In many areas of the S ta te ,  

no water i s  available for appropria tion, and other c r i t i c a l  areas have 

some water available a t  times under certa in  conditions (8).

In fa c t ,  the most r e s t r i c te d  resource is  stream water. Short­

ages o f  water e x is t  in  the western h a l f  of the State due to  the
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a v a i la b i l i ty  of stream water or r e s t r i c t io n s  o f  water use. On the 

other hand, there  i s  often abundant stream water which also occasions 

of no and low flow in the eastern h a l f  o f  the S tate (9J . This might 

indicate  the importance of considering the planning a l te rn a t iv e  of 

transmission of surplus water from eastern  to  western parts  of the 

State i f  i t  w il l  be economically feas ib le .

•Although there i s  a p o ten tia l  509 m illion ac re -fee t of ground­

water stored in 12 major underground basins in  the S ta te ,  the mean 

recovery ra te  o f  approximately 40 per-cent r e s u l t s  in  a y ie ld  of 

only about 123 m illion  acre -fee t.  Where supply exceeds recharge, the 

water table lowers and makes recovery even more d i f f i c u l t .  Over 

development of the groundwater basins i s  a problem since almost h a l f  

of the S ta te 's  groundwater supply i s  located in  the western portion  of 

Oklahoma where p re c ip i ta t io n  is  not s u f f ic ie n t  to recharge the 

aquifers.

The quality  of both ground and stream water varies  from good to 

poor due to na tu ra l  and man-made a c t iv i t i e s  and seems to  be a problem 

facing water resource development in  some areas of the S ta te .  The 

need for water n ec e ss i ta te s  the use of some o f  poor water with t r e a t ­

ment; however, the re  i s  more water unsuitable  for e i th e r  domestic uses 

or for i r r ig a t io n  (S, 9). For example, due to  the high evaporation 

losses in western Oklahoma, surface water seems to  have high concentra­

t ion  of dissolved so lid s .

-kgain, some q u a l i ty  problems are due to man-made a c t iv i t i e s  

while the others are caused by na tu ra l conditions e x is t .  Examples of 

man-made causes are waste-treatment p lan ts ,  runoff from a g r ic u l tu ra l
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a c t iv i t i e s ,  discharge from in d u s tr ie s ,  and runoff from urban areas.

Some of the n a tu ra l causes of degradation are s a l t  in t ru s io n ,  minerals 

from the rocks, tu rb id i ty  and color from the decay of organic debris 

from fo res ts ,  and erosion and s i l t in g .

Southeastern Oklahoma from Pontotoc County to the .Arkansas 

border, the q u a l i ty  problem comes from su lfa te  and chloride which 

come in with water from the west as dissolved so lids .  The q ua l ity  of 

the Red River as stream water is  too poor for e i th e r  municipal or 

domestic use.

In short,  water q u a l i ty  programs are needed to be modified and 

expanded. Further research on desa lina tion , reduction o f  nu tr ien t  con­

te n t  in runoff, in d u s tr ia l  waste treatment and urban runoff  e ffec ts  

i s  needed to prevent fu r th e r  degradation of the S ta te 's  water resources.

Finally , water laws should be modified in  order to provide a 

strong support fo r  water resource development in the S ta te .  Flex­

i b i l i t y  in water laws in  the S ta te  concerning many issu es , .su ch  as 

water withdrawn for i r r ig a t io n ,  ownership of water, re sp o n s ib i l i t ie s  

of developing ground and surface water supp lies ,  e t c . ,  i s  highly need­

ed.

. Objectives

I t  i s  a fac t  th a t  the ra te  and the amount of economic growth in 

the S tate  of Oklahoma w il l  have a strong impact on the fu ture water 

requirements'. Therefore, i t  i s  necessary to  c a l l  a t te n t io n  to  the 

problem of water fo recas t ing  spec ia lly  based on socio-economic and 

soc ia l  a c t iv i t i e s  in  the S ta te .  Furthermore, there i s  a great need
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for making statewide water requirements estimates and providing 

methodologies for fo recasting  future water needs in the S ta te .  Thus, 

the immediate objective of th is  study is  to  develop mathematical water 

demand models for the State of Oklahoma using socio-economic, demo­

graphic, geographic, soc ia l  and environmental c h a ra c te r i s t ic s  in  the 

S tate.

More sp e c if ic a l ly ,  the objectives of th i s  study are ;

U ) . To develop econometric p red ic tive  water demand
models a t  the statewide level fo r  d if fe re n t  c a te ­
gories of water use; municipal, in d u s t r ia l ,  a g r ic u l­
tu ra l  and t o t a l  water use by using socio-economic 
and environmental input parameters.

(2 )̂. To develop a mathematical water demand model a t  the
statewide level to  es tab l ish  per cap ita  municipal water 
ra te  by using socio-economic and environmental input 
parameters.

. To apply the developed water demand models and the 
available fo recas ts  of the s ig n if ic a n t  socio-economic 
and environmental fac to rs  in  order to  p ro jec t  the S ta t e 's  
municipal, in d u s t r i a l ,  a g r ic u l tu ra l ,  to t a l  and the per 
capita  municipal water requirements up to the fu ture 
year 2040.

(£). To e s tab l ish  a systematic methodology for  fo recas ting  
county municipal, in d u s tr ia l  and a g r ic u l tu ra l  water 
requirements by using the forecasted  water r e q u ire ­
ments of the S ta te .

(£). To forecast municipal water requirements fo r  some s e l ­
ected large c i t i e s  in the S tate .

The S ta te 's  water demand models developed in th i s  research study 

w il l  be a great help fo r  adm inistrators, public  o f f i c a l s ,  engineers 

and planners in  the S ta te  to  recognise those fac to rs  th a t  are a f fec t in g  

water uses and plan fo r  more feasib le  water resources development 

programs based on r e a l i s t i c  basis to  meet the future water requirements.
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The developed water requirements fo recas t ing  models format i s  

i l l u s t r a t e d  in  Figure 1 with the components o f  each model. The S ta te 's  

to t a l  water requirements model has two major input factors  which are 

population and to ta l  employment. The S ta te 's  municipal water demand 

model has four s ig n if ican t  input variables which are population, em­

ployment, g ro ss-s ta te  product and p re c ip i ta t io n .  The major input 

variab les  fo r  the S ta te 's  in d u s tr ia l  water demand model are population, 

employment, coal production and p rec ip ita t io n .  The S ta te 's  i r r ig a t io n  

water demand model i s  formulated by four input variab les  which are per 

cap ita  income, i r r ig a te d  land area, land in farms and p rec ip i ta t io n .  

F inally , the per cap ita  income and population are the major components 

of the S ta t e ' s  per capita  municipal water use model.

The discussion and evaluation of each of the developed models are 

included in  Chapter IV of th i s  study. The technique which was b as ic ­

a l ly  used in  the process of developing these water demand models i s  

known as the stepwise m ultip le  regression technique which i s  b r ie f ly  

described in  Chapter I I I .

Growth .Assumptions

The following few assumptions were b u i l t  in  the process of dev­

eloping the water demand models:

( 1_). Continuing increase  in  the S ta te ’s population.

(2_3. Continuing increase in  the S ta te 's  land i r r ig a t io n  and 
food production.

(_3). Continuing gain in  technology and education expansion of 
the State.
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(4). Continuing increase in in d u s t r ia l iz a t io n  and ag r icu l­
tu ra l  production, thus increasing annually the gross- 
product and per cap ita  income of the S ta te .

(£). Continuing increase in urban and ru ra l population.

. Continuing development of petro-chemicals and other 
in d u s tr ie s  in  the S ta te .



CHAPTER II 

LITERATURE REVIEW

Inroduction

Since the main objective o f  th is  study is  to develop mathematical 

water demand models fo r  the S ta te  of Oklahoma fo r  d if fe re n t  categories 

o f  water use, i t  i s  necessary to  review some demand models developed 

in  other studies th a t  are re la te d  to th i s  study. Therefore, the pur­

pose of th i s  chapter i s  to  review municipal, in d u s t r ia l ,  a g r ic u l tu ra l  

and to ta l  water demand models developed in  other s tud ies.  The second 

aim of th i s  chapter' i s  to review, shortly ,  water resources in  Oklahoma. 

The th i rd  purpose is  to  review the h is to r i c a l  municipal, in d u s t r ia l

and ag r icu ltu ra l  water uses in the State o f  Oklahoma.

Before going any fu rther  in  th is  chapter, i t  i s  very e s s e n t ia l  at

t h i s  stage of the study to  formulate d e f in i t io n s  of some formulated 

terms in  order to have a common frame of reference for communication. 

Because o f  d if fe ren t  in te rp re ta t io n s  in various countries of some of 

the same words in the same language as well as l in g u is t ic  d i f f i c u l t i e s  

inherent in  t ra n s la t io n s  cause fu r the r  obstacles  to  c lea r  understand­

ing. Such terms as "use", "needs", "requirements" and "demand" have 

often been used interchangeably. Also the terms "water demand", 

"availab le  water", and "water resources" have been used very often .

Some of these fundamental concepts should be explained to  f a c i l i ­

t a t e  c lea r  and easy in te rp re ta t io n  of the discussion in th i s  study.

18



19

The following d e f in i t ions  were adapted from a recent report  from the 

National Water Commission of the United States of America (10). These 

d e f in i t io n s  will promote b e t t e r  understanding and minimize m isin terpre­

ta t io n .

Water use re fe r s  to  ways in which water i s  u t i l i z e d  by man. Water 

uses includes drinking, cooking, i r r ig a t io n ,  in d u s tr ia l  cooling and 

processing, generating e l e c t r i c i t y ,  t ranspo rta t ion  and recrea tiona l 

boating, swimming, f ish ing , aes th e tic  enjo>Tnent, and other a c t iv i t i e s  

and processes.

Water consumption, or consumptive use, is  the d ifference between 

withdrawal and re tu rn  flow and generally consists  of water th a t  is  

consumed by p lan ts ,  animals, in d u s t r ia l  processes or evaporation.

Demand i s  used in the economic sense and i s  the amount of a com­

modity, in  th i s  case water or w ater-re la ted  products and serv ices,  th a t  

would be purchased or used a t a given p r ice .

The demand schedule i s  the functional re la t ionsh ip  between various 

p r ices  o f  water and the q u an t i t ie s  th a t  would be used a t  those p r ice s .

The demand curve i s  the graphic p resenta tion  of the demand schedule.

Water resource (resource used in  the sense of "something tha t l ie s  

ready fo r  use or can be drawn for aid") represents th a t  p a r t  of the 

physical amount of resource th a t  is  frequently  regarded as the expected 

annual run -o ff ,  although additional supplies can be made availab le  fo r  

a spec if ic  period o f  time by mining ground water.

Projections designates a delineation  of fu ture  conditions, inc lud­

ing water demands, supplies, modification of p re c ip i ta t io n ,  reclamation 

o f  waste-water p la n t  e ff luen t by advanced treatment processes, fo res t
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management and i n t e r  basin transfe rs .

The several demands fo r  water are usually  grouped as municipal, 

ag r icu ltu ra l and in d u s t r i a l ,  according to  the main categories  of 

economic s t a t i s t i c s  and planning. Moreover, these three main categor­

ies  of water demands can be subdivided in to  subdivisions. IVe should 

keep in mind th a t  there  i s  no single or standardised way o f  under­

taking these subdiv isions. Overlaps among the categories as well as 

differences in d e f in i t io n s  and in te rp re ta t io n  may e x is t  and which 

might n ece ss ita te  a rb i t r a ry  decisions in  several respec ts .  In fa c t ,  

beyond the above mentioned three major categories , water demands may 

arise  in  other f i e ld s  of regional and national planning, such as t ran s ­

porta tion , rec rea t io n ,  preservation or extension o f  swamp and wetland 

hab ita t and conservation or u t i l iz a t io n  of e s tu a r ie s  (5).

■Municipal Water Demand .Models Review 

The term municipal water use may include several ca tegories ,  such 

as domestic or r e s id e n t ia l  use, commer ic a l  use, public or in s t i tu t io n a l  

use and systems losses .  Often, researchers w ill  also include in d u s t r i ­

al users which are t i e d  in to  the municipal system.

Reid and .Muiga (11) used socio-economic inputs  to id e n t i fy  four 

a c t iv i ty  socio-technological levels. The study was conducted in  1975 

to develop an aggregate demand model fo r  developing countries by u t i l i z ­

ing socio-economic growth pa tte rns .

The socio-economic development leve ls  represented were in turn  

used to id e n t i fy  municipal, ag r icu ltu ra l and in d u s tr ia l  water requ ire­

ments.
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Recently in  Japan, the adequacy o f  estimating future needs on the 

basis  of previous annual increments in  water consumption has become a 

very important approach, e sp ec ia l ly  in  the Tokyo metropolis (5, 12). 

Therefore, consideration i s  given to such social and economic fac to rs  

which might a f fec t  water consumption. Such factors are personal in ­

comes, taxes, products manufactured, projected area of bu ild ing ,  etc . 

The concept of a "modernization index" i s  introduced and used in  es­

timating water demands since i t  i s  considered that water requirements 

increase proportionally  to  soc ia l  modernization and economic develop­

ment. The index i s  a symbolic fac to r  including a l l  the various social 

and economic fac to rs  which toge ther  have a comprehensive e f f e c t .  Saki 

(15) developed a model for Tokyo, Japan using the co rre la t io n  analysis  

to  estimate the water requirements in 1985. He adopted an "urbaniza­

t ion  index" (I) as a kind o f  "modernization index", with some fac to rs  

having a sp ec ia lly  great e f f e c t  on urbanization being extrac ted . He 

developed the following regress ion  estimation line ,  according to  the 

availab le  data, and the weight o f  each fac to r  was appraised by applying 

the factor ana ly sis :

I = 0.5674 X, + 0.1606 X_ + 0.1149 X. + 0.1571 X , .................  (2-1)i  2 0 t

where: I = water demand in  gallon per capita per day,

X̂  = population.

X., = personal income,

X_ = in d u s t r ia l  production, 

■X̂  = sa les  of goods.
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He also developed the following l inear  equation to express the 

maximum water consumption in Tokyo:

Y = 361,521 + 32.057 I ...................................... (2-2)

where: Y = maximum water consumption per day.

C oeffic ien t of co rre la t io n  o f  the formula i s  0.986 and the stand­

ard devia tion  0.012. These f igu res  express s t a t i s t i c a l l y  th a t  th i s  

method achieves b e t te r  r e s u l t s  than the one using each fac to r  separa te ­

ly.

.Another study to be reviewed is  th a t  undertal:en a t Johns Hopkins 

U niversity during the years 1961-1966. This study was under the sponsor­

ship o f  the Federal Housing Administration (14, 15, 16, 17). The ob­

je c t iv e s  o f  th i s  study were to  determine the water use pa t te rn s  and 

demand ra te s  imposed on water system in re s id e n t ia l  areas and to  de t­

ermine the major factors  influencing re s id e n t ia l  water use (17, p . 4).

The Federal Housing .Administration (FH.A) report describes the 

method of data  co l lec t io n  as follows:

Master-meter, punched-tape recorder systems were i n ­
s ta l l e d  to monitor continuously flow in to  fo r ty  one homogen­
ous re s id e n t ia l  areas having 44 to 410 dwelling un its  and 
several apartment areas located in  various c l im atic  regions
throughout the United S ta te s ........

In developing the p ro je c t ,  the number of p a r t ic ip a n ts  
desired  was determined using a c lim atic  c la s s i f i c a t io n ,  made 
p r in c ip a l ly  according to annual and seasonal p re c ip i ta t io n  
and temperature. Selected u t i l i t i e s  were inv i ted  to  p a r t i c i ­
pate by purchasing and in s ta l l in g  master-meter recorder systems 
in  several study areas of varying economic leve ls  w ithin t h e i r  
serv ice  areas. Thus, study areas were se lec ted  according to  
climate and economic level with a l l  other fac to rs  th a t  in ­
fluence water use taken a t  random...........

Included are 28 metered re s id en t ia l  areas, 8 f l a t  r a te  
re s id e n t ia l  areas, and 5 apartment areas. The meter areas are 
fu r th e r  c la s s i f ie d  in to  areas having public sewers are separated
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into Western and Eastern United States by th e ir  location 
re la t iv e  to  100th meridian. Very l i t t l e  p re c ip i ta t io n  occurs 
in the a rea  west of the 100th meridian during most of the 
growing season (17, pp. 4 -8 )-----

The technique used was regression analysis  to determine equations 

for estim ation o f  average domestic demand and average summer sp r in k l­

ing demand. Linaweaver (17) indicated in his report th a t  the fa c to r  with 

the highest leve l  of influence on re s id e n t ia l  water use throughout 

the country was the number of homes. Economic level, climate and 

metering of consumers were found to be the fac to rs  at the second level 

of influence. The th ird  level of influence on re s id e n t ia l  water use 

included many factors  among which the cost o f  water was found to be the 

most important fac to r .

The following equation was recommended fo r  design purpose a f te r  

the re su l ts  o f  th is ,s tu d y  were compared with the (FHA) standards (IS):

Q = Q. .  0 ,6  c a with Q >   (2-31

where: Q = expected average demand fo r  any period expressed

as a r a te  in  gallons per day,

= expected average domestic (household) use in gal­

lons per  day which applies  for a l l  periods of a 

day or longer and may be re l iab ly  estimated from a 

simple function of the average market value of 

dwellings as described below,

0.6 = a co e ff ic ien t  to  adjust fo r  the d ifference between 

actual évapotranspiration from lawns and p o te n t ia l  

évapotransp ira tion ,



c = constar.r to  ad just for u n i ts ,  Z . ' I  x lO"̂  gallons per 

acre-inch of water, 

a = nuitber of dwelling units ,

= average i r r ig a b le  area in acres per dwelling u n it ,

5 = estimated average po ten tia l  evanotransniration for thepot ^  ̂ - -

period  of demand in  question in inches of water per day ,

? = amount of natu ra l o rec in i ta t io n  effec tive  in s a t i s f v -err

ing évapotranspiration of the period and t h e r e b y  r e ­

ducing the requirements for lawn sprinkling in inches 

o f  water per day (1", pp. 5S-59).

The Q i s  estimated from the following equation:

Q. = (157 -  3.46 V) a .................................................. (2-4)

where: V = average market value in $1000 per dwelling unit .

I t  should be observed here that the price of water is  not included

in the la s t  recommended equation although i t  was found in the Johns 

Hopkins study to be a s ig n if ic a n t  variable .

The most important point of the Johns Hopkins study is  the sub­

d ivision of municipal use in to  i t s  major components (^residential, com­

mercial, and so on) and then in to  smaller ones (domestic and sprinkling 

use). The number of var iab les  included in equation (2-5) and (2-4) are 

f a i r l y  low but they should provide a good foundation for predic ting 

future water use.

.Another study to be reviewed is the one which was undertaken by 

Hittman .Associates of Columbia, .Maryland. They have used the Johns 

Hopkins study to develop the "Main 1" system for estimating current
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water usage. Meyer and Mangan (19) have described the "Main I" system 

and indicated  in  th e i r  paper th a t  past water use data  was not used as 

inputs to  the model. Following th is  study, Hittman Associates again 

have developed the "Main I I "  forecasting model using the "Main I" sys­

tem. In the "Main II"  model, water requirements were estimated 

separa te ly  for the r e s id e n t ia l ,  com m ercia l/institu tional, in d u s tr ia l  

and public  unaccounted sec to rs  of the community. Furthermore, these 

estimated water requirements for the mentioned sectors  were sub­

divided and estimated fo r  individual categories of water users , such as 

sewered residences, f l a t  r a te  sewered residence, commercial e s ta b l ish ­

ments, i n s t i tu t i o n s ,  manufacturing categories , e tc . I t  should be 

pointed out here th a t  estim ates in the "Main II"  system were made 

of mean annual and peak hours requirements (20, p. I - l ) .

In th is  study, data from about f i f t y  c i t i e s  was used in order to 

develop a regression equation for each category of water use. The 

independent variab les  were a l l  economic and demographic fac to rs .  The 

variab les  used were in the form of ra te s  of changes not the absolute 

va lues . The input v a r iab les  were housing, population, income, employ­

ment and per cap ita  water use. Multiple co rre la t io n  co e ff ic ien ts  (R") 

were f a i r l y  high, t h e i r  range was from 0.74 to 0.90. Baton Rouge, 

Louisiana, Baltimore, Maryland and Columbia, Maryland were the three 

case s tud ies  presented. This application  of the model in these three 

d if fe re n t  c i t i e s  was to i l l u s t r a t e  the f l e x ib i l i ty  o f  the model in  

handling d if fe re n t  types o f  c i t i e s .  The f i r s t  c i ty  i s  considered to 

be a complete metropolitan area  with reasonable commercial and in d u s tr ia l  

a c t i v i t i e s .  The second c i ty  has a low population growth but high com-
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mercial and in d u s t r ia l  a c t iv i t i e s .  The th i rd  c i ty  is  a new c i ty  

which i s  f u l ly  planned with contro lled  population growth.

Although the .Main system i s  considered to  be one o f  the best 

operational fo recasting  systems, i t  appears to  have some shortcomings. 

One of these shortcomings is  due to the lack o f  appropriate data and 

conclusive th e o r i t i c a l  analysis . The r e s u l t  o f  th is  was that two of 

the most important variables in the Johns Hopkins study, i r r ig a t io n  

area and p r ice  of water, were not included in the Main system.

.Another study to be discussed in  the review of water demand models 

is  th a t  by Saunders (21) conducted a t  West V irginia University. The 

purpose of h is  study was to: (j )̂ id e n t ify  fac to rs  cu rren tly  c losely

associated with the  level of water use, (2_) suggest a l te rn a t iv e  methods 

of constructing  fo recas ts  of water use, and (_5) construct several 

se ts  o f  p ro jec tions  for several urban areas, based on a l te rna t ive  

assumptions about the future level of the p r ic e  determinants (21, P .2).

He co l lec ted  water re la ted  economic and demographic data from 95 

Standard Metropolitan S t a t i s t i c a l  .Areas (SMSA's), 52 d i s t r i c t s  in 

L ouisv ille ,  Kentucky and 75 North-East Central c i t i e s .  F ir s t ,  he used 

the fac to r  analysis  to  i so la te  a small number of s ig n if ican t  factors as 

a r e s u l t  o f  the fac to r  analysis . I t  should be mentioned here th a t  the 

researcher s ta r t e d  with 65 o r ig ina l  demographic and economic fac to rs .  

Next, he applied the regression analysis  technique in order to r e la te  

s ize  o f  urban areas and income to water usage. He used 1960 as a base 

year and developed the following pred ic tive  regression equation:
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h s i  - ‘■\ni '‘- S I .................  C-S)
60/C

where: E = to t a l  water use,

W = per cap ita  use,

Y = per  cap i ta  income,

P = estim ated population,

■i = SMSA number fo r  ^ = 1 , 2 ,  , 141,

60, 75, = 1960, 1975.

Saunders estimated the water consumption for 141 Standard Metro­

p o li tan  S t a t i s t i c a l  Areas (SMSA) fo r  1975.

Whitford (IS) ind ica ted  in  h is  report th a t  the fo recas ts  computed 

fo r  141 S. ÎS.A's were widely divergent and seem to be very high. For 

example, the c i ty  of Phoenix, which supplies about 70% of the metro­

po li tan  area, experienced only a 52 per-cent increase in  the years 1960- 

1969, while the ra ise  was 186 per-cen t for the Phoenix SMSA estimated 

by Saunders from 1960-1969. However, Saunders' study i s  a good example 

fo r  the importance o f  using the fa c to r  analysis  and cu t t in g  through to 

re levant facto rs .

Berry and Bonem (22) studied the municipal water use in an area 

o f  norther New Mexico in  1967. Their aim was to develop a mathematical 

regression equation re la t in g  per cap ita  da ily  municipal water use to 

pe r  capita  personal income to a number of c i t i e s  and tovms in New 

Mexico. Data used in  t h e i r  study was co llected  on the amount o f  water 

withdrawn (gross pumpage o f  municipal system) per person for a number 

o f  years. They based th e i r  regression equation on a mixture o f  c ross­
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sectional and time se r ie s  data. The regression equation obtained is :

q = 25.1 + 0.059 Y ..........................................................  (2-6)

(R" = 0.766)

where: q = the municipal water use in  gallons per  cap ita  per  day,

Y = the annual per cap ita  personal income in 1965 d o lla rs .  

The developed equation in th i s  study is  s t a t i s t i c a l l y  a reasonable
7

one with R“ value equals 0.766, but there are two d e f ic ien c ies .  F i r s t ,  

the equation developed was based on both c ro ss -sec tiona l  and time 

series  data . Second, the equation contains only one independent 

variable and omits variab les  other than personal income levels th a t  

may a f fec t  the municipal water use in  New Mexico.

The authors rev ised  and extended the 1967 work in  an attempt to 

introduce four independent var iab les ;  per cap ita  income, the p r ice  

of water, c i ty  population and a climatological v a r ia b le .  They came up 

with an equation which was very nearly the same one developed in  1967. 

They concluded th a t  the o r ig ina l regression equation (2-6) developed 

with fragmentary data  i s  consis ten t with more recent improved data.

B abbitt,  Dolland and Cleasby (23) quoted f igures  fo r  minimum, 

median and maximum water use by population group, year and region. 

These f igures  were reported  by Seidel and Baumann (24). Also, Capen 

(23) presented the following equation for well-metered, average sys­

tems:

G = 54   (2-7)

where : G = gallons per cap ita  per day.



30

P = population in  thousands.

Capen published th i s  model in a paper in 1957 based on a survey 

made in 52 c i t i e s .  He suggested th a t  population i s  the only variable  

re la ted  to per c ap i ta  use which seems invalid  to p resen t day conditions.

In 1971, Reid (26) has developed a mathematical equation to pred­

ic t  water demand by using several submodels, such as economic, population, 

l i f e  s ty le  and reco n c il ia t io n  [12). The equation can be described as 

follows:

WD̂ = (Pop^) uu

X Y
ppct^ I n c ^ Pop^

....................ü !-8 )
p p c ts _ I „ c J Poo 

_  - s_

where: IVD̂ = water demand at time t ,

uu = un it  use of water,

Pop^ = population a t time t ,  

ppct^ = p re c ip i ta t io n  a t time t ,

Inc^ = income at time t .

.Another study to be reviewed i s  tha t by .AVCO Economic Systems

Corporation. They developed a model for the Office of Saline Water

[27) called  the Economic Evaluation Modeling System [EE.MS). The major 

objective o f  the system was to use mathematical models for estim ating 

water requirements and water resource costs. The United S ta tes  was 

divided in to  19 S ta tes  groupings and a regression equation was derived 

for each one in order to determine the water demand. There were 17 

regression variab les  included to  describe population, income, housing 

and in d u s tr ia l  production. Price of water was excluded and p r e c ip i ta ­

tion was included. The coeff ic ien ts  of determination of a l l  the 19
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regions were above 0.9 for twelve cases, and between 0.8 and 0.9 for 

five cases. The lowest coeff ic ien t  of determination was about 0.6 

(18]. For Gardena, C alifo rn ia ,  the water use was over-estimated by 

180 per-cen t.  This was determined by comparing the re su l t s  obtained 

from the developed regression equations with actual water use figures 

for each c i ty  included in  the study. The e rro rs  were quite large, in 

most cases they were in the range between 30 and 50 per-cent.

Reid and Muiga (1) developed a municipal water demand model fo r  

the twelve Arabic countries included in the Economic Commission of 

Western Asia (ECWA]. Data was co llected  from the twelve countries and 

by using the stepwise multiple regression analysis ,  the authors dev­

eloped the following pred ic tive  equation fo r  the whole region:

M  ̂ = 2.2115 + 0.0005 .MP ,  + 0.0561 IN _ + 0.0017 NC _  . (2-9] n , t  n , t  n , t  n , t

where: M = municipal water demand of country n at year t ,n , t

NP = national population in thousands of country n a tn , t  ^ ^

year t ,

IN = national annual per cao ita  income in U. S. do lla rsn , t  ^

of country n at year t ,

NĈ   ̂ = national percentage of homes connected with water 

supply of country n a t  year t .

The c o e f f ic ie n t  of determination (R“] was quite high (0.98] which 

ind ica tes  a good level of regression analysis . The F -tes t  indicated the 

non-significance fo r  the cost of water, although i t  may seem to be an 

important fac to r  in  municipal water usage. The co rre la tion  coeffic ien ts  

between national population, national per cap ita  income, national p e r­



centage of hones connected to  water supply and the municipal water usage 

were found to  be very high.

Bartone (23} attempted to  develop a mathematical municipal water 

use model for the S ta te  of Oklahoma in 1970. He used the stepwise 

multiple regression  analysis  on data for 39 c i t i e s  in the S tate . The 

orig inal independent var iab les  considered in h is  study were per cap ita  

income of the country, p rice  of 5,000 gallons of water and 1968 c i ty  

population es tim ates.  He used the municipal water use in  gallons per 

capita  per day as a  dependent variab le . To a rr ive  the average da ily  

per capita consumption r a te ,  he added the water pumpage o f  the c a t ­

egories domestic, commercial, public, and unc lass if ied  in d u s t r ia l  users 

and losses, and divided the sum by 365 times the 1968 population estimate 

for each c i ty .  The municipal projection equation is  given by the f o l ­

lowing formula:

Q„. = 89 + 0.002 M................................................... (2-10)

where; = average municipal water requirement, in  gallons

per cap i ta  per day for -tth c i ty ,

= population estimate for t t h  c ity .
2

The c o e f f ic ien t  of determination (R‘) was found to  be 0.7431 

while the standard e r ro r  of estimate was 27.9.

Bartone ind icated  in  h is  report that there were two reasons tha t 

he t r i e d  time s e r ie s  data in  order to develop another municipal demand 

model. The f i r s t  reason was th a t  per capita water use changes through 

time. The second reason was th a t  other researchers have s ta ted  th a t  

the average municipal water use changes constantly  (4, 29}. He used
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data  from 1958 to  1968 from several c i t i e s  in  the S ta te .  He t r i e d  

to  examine the following re la tionsh ip :

= a + bM̂  + ct ................................................. [2-11)

where: = un it  municipal water use of ^th  c i ty  in year t ,

= population of .cth c i ty  in  year t ,

a, b, c = constants.

This ind ica tes  th a t  h is  independent variab les  were population and 

time. He concluded th a t  the inclusion o f  both variab les  in equation 

(2-11) would not be appropriate since the problem o f  m u l t ic o l l in e a r i ty  

makes i t  almost impossible to find  the values o f  the regression coef­

f i c i e n t s .

There was another study conducted by the Indian National Council 

of Governments (INCOG) in order to  p ro jec t domestic use r a te s  in  the 

S ta te  o f  Oklahoma. The equation considered was:

QSAU. = 32 + 0-01 D . ......................................................... (2 -12)

where: = the average re s id en t ia l  water requirement in  g a l­

lons per cap ita  per day for the .tth s t a t i s t i c a l  

analysis u n i t  (SAU),

= the population density of -cth SAU.

This equation was developed for towns with population in  the range 

of 1,000 to 4,000 and must be applied to the SMSA's in  the S ta te  of 

Oklahoma.
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There are many other studies and models in the area of water demand 

to  be reviewed. Fourt (50) conducted a study in  1958 applying the mul­

t i p l e  regression analysis .  His aim was to  develop a regression equa­

t io n  to explain the water usage in  terms of p r ice ,  r a i n f a l l ,  average 

number of persons pe r  meter, number of days in summer and the to ta l  

population served.

The Susquehanna Model (31, 28), population was found to be the 

water fo recast ing  fac to r  in the demographic sector o f  the model. A 

municipal use ra te  o f  160 gallons per cap i ta  per day was used to  det­

ermine the to t a l  municipal water requirements. This use ra te  was 

estimated to  be increased by 1.4 per-cent per year. I t  should be noted 

th a t  the in d u s t r ia l  use category was excluded from the  use ra te  used 

in  th i s  study.

Muiga (12) developed several water demand models in h is  d is s e r ta ­

t ion  for three regions: Africa, Asia and Latin America. He used the

stepwise multiple regression analysis as a basic  technique to re la te  

socio-economic, environmental and technological parameter to the water 

demand (in gallons per  capita per  day) in  developing countries . The 

developed models are expressed in  the following equations:

D .  = 22 .0341  + 0 .0 9 7 3  X . ................................................... (2-13)w.af 2

(R" = 0.953)

D . = 12.720 + 0.0683 X., + 0.142  (2-14)w.ar 2 6
9

(R“ = 0.968)

D = 7.1476 + 0.0827 X. ................................................... (2-15)w.as 2

(R“ = 0.902)
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D = 6.6817 + 0.04597 X. + 0.2204 X. w.as 2 0

+ 0.0265 X .............................................................. (2-16)

(R̂  = 0.968)

D , = 15.5981 + 0.0665 X . ................................................................. (2-17)w. la  2
7

(R“ = 0.810)

D . = 15.7401 + 0.0645 X. + 0.0682 X_w. la  2 0

+ 0.0550 X .........................................  (2-18)

(R" = 0.897)

where: = water demand in Africa in gallons per cap ita  per

day,

D = water demand in Asia in  gallons per can ita  per w.as o r  . r

day,

D , = water demand in Latin America in  gallons perW . la  o r

cap ita  per day,

= population of the community served by water supply 

in  thousands,

X- = percentage of homes connected with water supply 

systems,

Xg = average national annual income in  U. S. do lla rs .  

These s ix  developed equations have sa t i s fa c to ry  coeffic ien ts  of 

determination and a l l  the independent variab les  included in the models 

(X^, X_, and X )̂ passed the sequential F - te s t .

Morgan and Jonathan (52) published a paper in  the Water Resources 

B ulletin  in  1976. The objective of th i s  paper was to  determine the reg­
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ression c o e ff ic ien ts  or estimators of climatic var iab les ,  p r ice  of muni­

c ipal water and median family income in a re la t ion  with municipal water 

use. They used a data s e t  which consis ts  of monthly municipal water 

delivery data for 56 c i t i e s  in Southern California within an area bord­

ered on the north by Paso Robles, to  the west by Majave and El Centro, 

and the south by San Diego. The data used was c ross-sec tiona l in nature. 

They examined the following water demand re la tionsh ip  in th e i r  study:

Q.. = b + b, p. + b^ MFI- T b_ Climate .. + E ........................ (2-19)
-tj 0  1 X. 2 X. j  -cj

-0=1.....................33 water agencies,

j = l .....................12 months

where: Q.. = municipal water use in gallons per cap ita  per day of

the -cth d i s t r i c t  in  the j th  month,

P^ = average p r ice  of municipal water derived in  dollars 

per acre -foo t,

MFI^ = median family income in  thousands of d o lla rs ,

Climate •. = varying c lim atic  measures where T equals temperatures
-tj

in  °F, R equals p rec ip ita t io n  in  hundredths of an 

inch, and (PE - R) equals to the excess of po ten tia l  

évapotranspiration  over p rec ip ita t io n  measured in 

hundredths o f  inches,

E = i s  a random disturbance term.

They te s ted  three a l te rn a te  c lim atic  ind ica to rs : (1) temperature

and p re c ip i ta t io n ;  (2_) p o te n t ia l  évapotranspiration minus p rec ip ita t io n  

(PE - R); and (£) monthly binary seasonal variab les. They divided the 

sample in to  four separate subgroups: to t a l ,  wet domestic, dry and
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sprinkling groups. Total number o f  models developed in  th i s  study is  

12 models. Some of the models are given as follows:

= 255.01 - 1.282 P + 0.0085 MFI + 25.741 (PE-R) ................. (2-20)

(R^ = 0.61)

Q, = -55.778 - 0.7278 P + 0.0089 MFI + 5.169 T - 1.648 R . . .(2-21)

(R“ = 0.45)

Q. = 2.0019 - 1.460 P + 0.0069 MFI + 42.205 ( P E- R)  .................. (2-22)

(R- = 0.60)

Q. = -181.02 - 0.898 P - 0.0024 MFI + 6.640 I .................................(2-26)

(R- = 0.501)

where: = municipal water use in  gallons per cap ita  per day of

group 1 ( to ta l )  which consists  of the to ta l  sample 

over the 12 month period,

= municipal water use in gallons per cap ita  per  day of 

group 2 (wet domestic) which consists  of observations 

co llec ted  from November through March,

Q- = municipal water use in gallons per cap ita  per day of 

group 5 (dry) which consis ts  of observations collected  

from .'kpril through October,

= municipal water use in gallons per cap ita  per  day of 

group 4 (sprinkling) which includes both sprinkling 

and domestic demand. To iso la te  the summer sp r in k l­

ing demand, minimum wet period monthly use o f  each area 

is  subtracted from the dry period usage.
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Moncur (35] conducted a study a t  the University  of Hawaii to 

investiga te  the usefulness of two procedures for analyzing water use 

time se r ie s  data . The f i r s t  procedure was accomplished by using a stand­

ard regression estimation approach to  t r a n s la te  price data in to  a form 

of the demand function fo r  water. The second procedure was an applica­

t io n  of a simple spec tra l density estimation model to Honolulu water 

consumption da ta  in  search of identify ing p e r io d ic i t i e s  or cyc lica l 

regulations o f  water demand. Using the regression technique and data 

from 1960 to 1971 (54, 55], Moncur developed the following p red ic tive  

equation:

= 526,710 - 775,090  (2-27]

(4.6609] (-5.5696]

(r2 = 0.52]

where: = average daily  water consumption in 1000 gallons

for year t ,

= the marginal price o f  water for year t ,

CPI^ = the Honolulu consumer p r ice  index fo r  year t .

while t -v a lu es  appear below each estimated regression co e ff ic ien t .

All regression co e ff ic ien ts  were s ig n if ican t  a t  the 5% level.

Because o f  the fact th a t  the population increase would lead to  

s ig n if ic a n t  changes in even i f  real p r ice  had remained constant,

Moncur replaced the average daily  water consumption variab le  (Q^] with 

per cap ita  water consumption to  obtain the following regression equation:
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= 0.4010 - 0.76866 P^ * ......................................................... (2-28)

(6.1459) (-3.5857)

(R^ = 0.55)

where: = Q^/Pop.^ = per capita  water consumption fo r  year t ,

Pop.^ = population served by the Honolulu Board of Water 

Supply for year t ,

Again, a l l  regression coeffic ien ts  were s ig n if ic a n t  a t the 5% 

level.

Moncure ind ica ted  in  h is  report th a t  the developed models (2-27 

§ 2-28) deserve expansion to  include income and perhaps r a in f a l l  as 

independent va r iab les .

Indus tr ia l  Water Demand Models Review

In d u s tr ia l iz a t io n  i s  considered to be the p r in c ip le  feature o f  the 

economic and so c ia l  development which has taken place the la s t  century. 

The in d u s tr ia l  water use represents one of the most important ca te­

gories o f  water usage. The major groups of in d u s t r ia l  water use are: 

(a) cooling; (^) processing; (£) b o i le r  water; and (^) general use, 

such as drinking, a i r  conditioning, cleaning, e tc .  The amount of 

water used var ie s  from one group to another and also depends on types 

and s izes  of in d u s tr ie s  within each group. Figure 5 shows the major 

groups o f  in d u s tr ia l  water use categories . Table 1 shows some examples 

for normal da ily  water consutption fo r  some selec ted  in d u s tr ie s  in 

the S ta te  of Oklahoma obtained from the Bureau of Water Resources 

Research at the University o f  Oklahoma (56).
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P r o c e s s i n g

G e n e r a l
U s e

C o o l i n g

Bo i l e r
W a t e r I n d u s t r i a l  W a t e r  Us e

FIGURE 3:  INDUSTRIAL WATER USE CATEGORIES
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Again, the proportions o f  the major groups o f  water use in industry 

vary considerably from one case to another. For example, cooling (in 

the power in d u s try  and in manufacturing) is  considered to  be the dom­

inant use in  most countries and i t  may represent as much as 60 to 80 

per-cent o f  the to t a l  in d u s tr ia l  water use.

I t  is  very useful to define the in d u s tr ia l  water requirements in  

general and by each group. For example, water used for processing may 

be defined as water in  manufacturing p lan t  which comes in to  d irec t con­

ta c t  with the intermediate or f ina l product. Moreover, i t  may be sub­

divided in to  water entering the product, as in canned food and bev­

erages, and water serving functional purposes in  technological processes, 

such as washing, f lo ta t io n ,  transpo rta tion ,  e tc .  Boiler water use i s  

sub-divided in to  steam generation for power production and for manu­

facturing  process (5). .4mong the manufacturing in d u s tr ie s ,  primary 

metal in d u s tr ie s ,  manufacturers of chemical and paper products and 

petroleum re f in e r ie s  are usually  the most s ig n if ic a n t  water use. These 

four sec to rs  are accounted for about 85 per-cent of the to t a l  water uses 

in  the United S ta tes  o f  iXmerica (37). Mining a lso  uses s ig n if ican t  

amounts of water (including the ex traction  of o i l  and gas) fo r  washing 

and d r i l l in g  purposes.

Bartone (28) defined water requirements fo r  the in d u s tr ia l  secto r 

as requirements which consist of a l l  water uses by manufacturing es tab­

lishments having s ix  o r  more employees. He also ind icated  th a t  in d u s tr ia l  

water use i s  always expressed in terms of gallons per employee in many 

other studies associated  with in d u s tr ia l  water sec to r .
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Table  1

Normal Daily IVater Consumption,

Selected  Indu stries  in  Oklahoma. 

1956

Industry Daily Average Water In tak e ^ ./

Paper Manufacturing 20,600

Petro-Chemical Production 5,000

Petroleum Refining 5,000

Metal Smelting and Fabrication 2,500

Chemical Production 2,500

Glass Production 1,900

Cement Production 1,500

Food Processing 650

Transportation Equipment 400

Machinery (Except E le c tr ic a l) 400

P rin ting  and Publishing 260

Clothing Production 60

iu /ca llons Per Day Per Production Worker

Source:^^Bureau of Water Resources Research, U niversity  o f Oklahoma, 
Water - Oklahoma's No. 1 Problem, October, 1956, P. 10.
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Reid and Muiga (1) developed an in d u s tr ia l water demand model for 

(ECWA) region. The model developed in  th is  study id e n tif ie s  the fac­

to rs  a ffec tin g  in d u s tr ia l  water usage in  the reg ion . The technique used 

was the stepwise m ultip le  regression  analysis . The in d u s tr ia l  p ro j­

ec tion  equation is  generated by the equation:

I  ̂ = 0.7587 + 0.0018 NP ^ f 0.1575 GNP + 789.8 WF ^. J2- 29)n , t  n , t  n , t  n , t

where: I = in d u s tr ia l  u n it water demand fo r  country n a tn j t

year t ,

GiN'P  ̂ = p e r  cap ita  g ross-national product in U. S. d o lla rs  n, L

o f  country n a t year t ,

NP  ̂ = n a tio n a l population in  thousands of country n a t n, c

year t ,

WFn  ̂ = percentage ra tio  o f X^/X.,/X_ o f work force of 

country n a t  year t ,

X̂  = percentage o f national work force who are p ro f­

e ss io n a ls ,

X̂  = percentage o f national work force who are sk ille d .

X_ = percentage o f  national work force who are u n sk il­

led .

The c o rre la tio n  c o e ff ic ie n ts  between each o f  the th ree  independent 

variab les  and the u n it in d u s tr ia l  water use were high and the co e ffic ie n t 

of determ ination (R“) was found to  be 0.99.

Another study to be reviewed is  th a t one reported  in the United

Nations report (7). The S tate o f  Is rae l was chosen as a study area.

One o f the fo recast models used was based on s e r ia l  co rre la tio n  analysis
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fo r the u n it value product of water according to  in d u s tr ia l  branches.

In th is  study, the to ta l  value - a t market p rice  - was d ivided by the 

to t a l  annual amount o f in d u s tr ia l water demand. In general, i t  was 

found th a t the product value per cubic meters (cu.m) a t a constant p rice  

has increased s ig n if ic a n tly  over the past decade. Data used in  th is  

study was from 1962 to  1972 period. .4 ty p ica l regression  equation fo r 

one of the major consuming branches - te x t i le s  - i s  given as follow s:

Y = 5 .2 9 9  X - 10258 ................................................. (2-50)

where: Y = value of product per cu.m (IL/cu.m ),

X = calender year, 1962, 1965, ...................

Generally speaking, i t  seems very lik e ly  th a t countries and regions 

in  which in d u s tr ia liz a tio n  has not yet s ta r te d  or i s  cu rren tly  emerging 

w ill experience extensive in d u s tr ia liz a tio n  during the decade to  come.

In developed and developing coun tries, in d u s tr ia liz a tio n  is  the most 

dominant fea tu re  o f  the economic and soc ia l development. In f a c t ,  dur­

ing the Second United Nations Development Decade, which was launched on 

1, January, 1971, an average annual growth of 8 per-cen t in  manufactur­

ing output and a corresponding increase in  energy supplies is  envisaged 

fo r the developing coun tries. This growth per-cen t i s  twice as high 

.as th a t envisaged for a g ric u ltu ra l output (5).

Table 2 shows the increase of water in take fo r in d u s tr ia l  uses 

during the p as t few decades in the United S ta tes  o f America in  the over­

a l l  context o f major categories of water use. The ra te  of increase  is  

p a r t ic u la r ly  im pressive in  water use for steam -generated e le c t r i c  power 

production.
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Tabic 2

Increase in  In d u s tr ia l Water Demand in

Comparison to  O ther Major Water Demands,

United S ta te s  o f  .America, 1900-1975^ 

(B illio n s  of l i t e r s ,  d a ily  average)

Year _. a / ir r ig a tio n —
Public
water

supplies
Domestic^^

In d u s tr ia l
and

m iscellaneous­

Steam-generated
e le c tr ic
power

T otal

1900 76.4 11.3 7.5 l y . 8 IS .9 151.9

1910 147.6 17.7 8 .3 52.9 24.6 251.1

1920 211.5 22.7 9.0 68.1 37.8 349.1

1930 227.0 20.2 10.9 79.4 69.6 407.1

1940 268.7 38.2 11.7 109.7 84.0 512.3

1944 305.0 45.4 12.1 211.9 135.8 710.2

1945 314.5 45.4 12.1 131.5 109.0 662.6

1946 327.0 45.6 13.2 147.6 101.8 635.2

1950 378.5 53.3 17.4 174.1 145.3 768.5

1955 453.4 64.3 20.4 227.1 226.3 991.5

1960 510.9 83.2 22.7 272.1 293.7 1 182.5

1965 560.5 94.6 24.6 331.9 348.9 1 360.5

1970 601.S 105.2 26.1 389.8 408.0 1 330.9

(1975) 642.3 112.7 27.2 436.7 495.8 1 714.7

Source: ^IVater fo r In d u s tr ia l Use (United Nations pu b lica tio n , Sales No. 58.11. 3 .1 ).

“ ^Totai take , including d e liv e ry  lo sses but not includ ing  re se rv o ir evaporation, 
b /
~  Non-farm domestic use and farm domestic use as w ell as farm stock w ells .

-'^M anufacturing, mining, commerce, a i r  cond ition ing , re s o r ts , motels, m ili ta ry  and 
m iscellaneous.
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A gricu ltural Water Demand Models Review

Water i s  one of the most important input fac to rs  o f a g r ic u ltu ra l 

production. The way th a t water is  provided to  d if fe re n t regions is  

u sually  dependent upon the nature o f these regions. There are three 

major ca tegories  of a g ric u ltu ra l regions: (a) humid regions; (b) a rid

regions; and (£) interm ediate or sem i-arid  reg ions. R ain fa ll i s  the 

main source o f water in humid regions and i t  has a g reat e f fe c t on 

q u a lity  and amount of ru no ff availab le  fo r o ther water users w ithin 

down-stream areas. On the other hand, neighboring r iv e rs  and ground 

waters are the  basic  sources o f w ater supply fo r a rid  reg ions. For the 

interm ediate or s im i-arid  regions, a combination of both sources, on­

s i te  and ex terna l supp lies, usually  s a t i s f ie s  the a g r ic u ltu ra l water 

needs.

I r r ig a t io n  is  considered to  be the most s ig n if ic a n t key issu e  of 

water resources development on a world-wide scale  and in  a long-range 

prospective. There are several reasons to  be considered in  the concept 

of the importance of i r r ig a t io n  in  water development. F irs t o f a l l ,  

i r r ig a tio n  water is  assumed to be one of the most consumptive water use 

categories. The second reason is  th a t  food production and the r is in g  

standard o f l iv in g  emphasize expansion and development of ag ricu ltu re  

fo r which i r r ig a t io n  is considered to be a b as ic  component or a co n tro l­

ling  fa c to r . The th ird  reason l ie s  in  the fa c t th a t i r r ig a t io n  systems 

and supply methods have a s ig n if ic a n t impact on the loca l environmental 

conditions of anv region.
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There are many natu ra l fac to rs  which a f fe c t ir r ig a tio n  water use 

ra te s .  Some o f these fac to rs  are p re c ip ita tio n , tem perature, runoff, 

geographic location  and évapo transp iration  as well as many socio ­

economic, environmental and technological fa c to rs . .4reas under ir r ig a ­

tio n  i s  another important fa c to r  a ffec tin g  ir r ig a tio n  w ater requirements. 

Moreover, the water resource planner must take in to  account the ag ri­

c u ltu ra l techniques and th e i r  e f fe c ts  on water use per u n it o f land as 

well as p o l i t ic a l  and so c ia l forces th a t are lik e ly  to  be operative.

In a study fo r  the Food and A gricu lture Organization o f the United 

N ations, Holy (38] estim ated an aggregate global water use fo r i r r ig a ­

tio n  o f  1,400 b il l io n  cubic meters in  1967 and the doubling o f th is  

amount by the year 2000. Another estim ate was made by M. J .  Lovovich 

(39), he estim ated the global water use fo r ir r ig a tio n  o f 2,300 b illio n  

cubic meters fo r 1965 and p ro jec ted  i t  to  be around 4,250 b i l l io n  cubic 

meters fo r the year 2000. Lovovich also  estim ated proportions returned 

to  r iv e rs  a f te r  use of 600 b i l l io n  cubic meters fo r 1965 and 400 b i l ­

lion  cubic meters fo r the year 2000.

Reid and Muiga (1) developed an i r r ig a tio n  water demand p ro jec tion  

model to  estim ate ir r ig a tio n  water requirem ent fo r (ECW.A) region by 

applying the stepwise m ultip le reg ression  technique to  u t i l i z e  socio­

economic fac to rs . The p red ic tiv e  equation i s  given by:

IR ,  = 0.15 + 0.0007 NP  ̂ + 0.5051 IC _ .....................................(2-31)n , t  n , t  n , t

where: IR = i r r ig a t io n  u n it water demand fo r country n a t yearn, t

t .
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NP  ̂ ^ = na tional population in  thousands of country n a t 

year t ,

IC = n a tional percentage r a t io  o f ir r ig a te d  to  cu ltiv a tedn J t

land of country n a t time t ,

GNP = p e r cap ita  g ross-na tional product in  U. S. dol-n , t

la r s  of n country a t time t .

Bartone (28) explained the method he used in  h is  study to  p ro jec t 

county acreage under i r r ig a t io n  in  the S tate o f  Oklahoma. The equation 

developed is  given by;

1

]

t - t  I
1 + 2 8 . 5  ----   A.  (2-32)

where: Â  = thousands o f ir r ig a te d  acres in  j th  county at time t ,

A^° = thousands o f ir r ig a te d  acres in  j th  country during

base vear t  ,0

•Â ° = to ta l  OklaJioma ir r ig a te d  acres in thousands during

base vear t  .
0

His basic  assumption was th a t the ra tio  o f each county ir r ig a te d  

acres to  the S ta te 's  w ill  remain constant in  the future years.

Another study to  be reviewed is  th a t one ca rried  by the Bureau of 

Reclamation (40). The basic  aim of the study was to  develop u n it use 

ra te s  fo r i r r ig a t io n  w ater in  Oklahoma counties considering the e ffe c ts  

o f mean annual c lim a tic  fac to rs  and location . Figure 4 shows the aver­

age u n it water use fo r  i r r ig a tio n  in ac re -fee t per acre o f  crop per year 

fo r each county in  Oklahoma. The figures developed in  th is  study were
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found to  be consis ten t with data and estim ates given by Reid (41), 

the U. S. Department o f  A griculture (42, 43), and the Oklahoma Water 

Resources Board (44).



Review o f  Oklahoma Water Sources 

There are several sources of water availab le  to  the S tate o f  Okla­

homa, such as ground w ater, surface w ater and r a in f a l l .

Ground water is  one of Oklahoma's most valuable n a tu ra l resources 

and is  availab le  almost ever>'where in  the S ta te . Approximately 56 

per-cen t o f the to ta l  reported  water used in  Oklahoma i s  supplied by 

ground water source. Over SO per-cen t o f the S ta te 's  i r r ig a tio n  needs 

i s  s a t is f ie d  by ground water, and approximately 300 towns and c i t ie s  

obtain th e i r  water supplies from w ells and springs [45).

There are large q u a n titie s  o f ground w ater av a ilab le  to  Oklahoma 

which are not equally  d is tr ib u te d  throughout the S tate (56). The 

major o rig in  fo r th is  ground water is  moisture th a t f a l l s  on the land 

surface and perco la tes down in to  the s o i l  - bearing  s t r a t a .  Approximat­

e ly  15 per-cen t of th is  f a l l in g  water soaks down in to  the ground and 

might be c la s s if ie d  as true ground water when i t  in te rs  the cone o f 

complete sa tu ra tio n . The period th a t th is  ground water remains in  the 

so il  is  g rea tly  a ffec ted  by summer sun, winds and water consuming 

p la n ts . Moreover, the re  are o ther q u an titie s  o f ground water found in 

underground sand or g ravel, frac tu red  rock or rock such as limestone 

th a t has been eaten f u l l  of holes by the  chemical actions o f water.

These underground formations are ca lled  "aq u ife rs ."

There are four p rin c ip a l ground water re se rv o irs  o r aq u ife rs:

(1_) semiconsolidated sand and gravel underlying the  High P la ins;

(2) a l lu v ia l deposits along stream s and adjacent to  v a lley s ; (_5) sand­

stones; and (2) lim estones, including  dolomite and gypsum. The locations

51
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o f the p rin c ip a l aqu ifers in  Oklahoma are shorn in  Figure 5.

I t  should be noted here th a t due to the lack o f ava ilab le  stream 

water, ground water development is  g rea tes t in  western p a r t of the 

S ta te . In th a t  area, ground water i s  ex tensively  used fo r ir r ig a tio n , 

municipal and domestic needs. In co n tra s t, ground water in  central 

and easte rn  Oklahoma is  used only by small towns and communities. 

Therefore, p o te n tia l e x is ts  fo r increased development o f th is  natural 

resource to  help meet fu tu re  water requirements.

Surface water is  another source of water in  the S tate  o f Okla­

homa. The control and u t i l iz a t io n  o f surface water is  one o f the most 

important aspects of water resource development in  Oklahoma due to the 

fac t th a t i t  o ften  gets f i r s t  a tten tio n  to  s a t i s fy  the demands o f mu­

n ic ip a l i t ie s ,  in d u s tr ie s  and ag ricu ltu re .

Arkansas, which drains the northern two th ird s  o f the S ta te , and 

the Red River, which d rains the southern th ird ,  are the two major riv er 

basins in  Oklahoma. There are  several small r iv e rs  th a t flow in to  

these two major ones. Some o f these small r iv e rs  are very important, 

such as the Cimarron, S a lt Fork of the Arkansas, V erdigris Grand 

(NeoshoJ, I l l in o i s ,  Canadian and North Canadian r iv e rs  th a t flow into 

the .Arkansas. On the o ther hand. Salt and North Forks o f the Red, the 

Washita r iv e r ,  the Boggy and kiamichi r iv e r  are some of the most im­

portan t r iv e rs  th a t flow in to  the Red River.

A large amount of water flows out o f Oklahoma in  these  riv e rs  

every year. The average annual flow of the Arkansas River a t Fort Smith 

is  approximately 24,000,000 ac re -fe e t and the annual average flow of 

the Red River system in to  Arkansas is  b e t te r  than 15,000,000 acre-feet
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a year. Approximately 10,000,000 ac re -fe e t o f water flows in to  Oklahoma 

in the average year by way of the Arkansas River and i t s  tr ib u ta r ie s  

from Kansas and M issouri. This in d ica te s  th a t 14,000,000 a c re -fe e t 

o rig in a te  in  the Arkansas basin w ithin the S ta te 's  boundaries. Only 

a very small p a r t  o f th is  p o te n tia l supply is  now being used by the 

S ta te . However, i t  should be carried  in  mind th a t i t  is  possib le  

th a t  most o f w ater now leaving Oklahoma each year w ill be needed to  

f u l f i l l  the  fu tu re  demands of d iffe re n t water use ca teg o ries .

There are many reservo irs  th a t have been already b u i l t  and an 

even g rea te r number are under consideration . Figure 6 is  an i l lu s t r a t io n  

of the major re s e rv o irs , ex is tin g  or under construction . There are 

o ther lakes th a t have been authorized. I t  should be pointed here th a t 

the major municipal lakes are Atoka, Draper, E llsw orth, Eucha, Fugua, 

Hefner, Lawtonka, McAlester, O verholser, Shawnee and Spavinaw.

The th i rd  source o f water in  Oklahoma to  be reviewed i s  r a in f a l l .

In fa c t ,  the w ater supply of Oklahoma is  dependent upon r a in f a l l .  Part 

of p re c ip ita tio n  in  Oklalioma i s  lo s t  back to  the atmosphere through 

evaporation and p la n t tra n sp ira tio n . A very small portion  o f p re c ip ita ­

tio n  a rriv e s  in  form o f snow, h a i l  or s le e t  compared to  the to ta l  w ater 

resources in  the S ta te . Most of water which f a l l s  on Oklahoma as ra in  

is  from w ater vapor which o rig in a tes  through evaporation from the su r­

face of the oceans and marginal seas, sp e c if ic a lly  from the Gulf o f  Mex­

ico . Another source o f water vapor is  o rig in a ted  from the surface 

o f freshw ater lakes and streams, moist ea rth  and the leaves of p lan ts  

C6).
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ôOi

FIGURE G: O K L A H OMA M A J O R  R E S E R V O I R S & S T R E A M S

S o u r c e  : S e e  R e f , 4 5



2 6  2 8  3 0  3 2 3 4 _ 3 6  3 8 ^ m
T—I— T— -i----- n  u r u  NcijOhi Q \22  24

20 2018 20
f ] 7

'‘V. ^  u»i.iH“4 i t  /  (/ 1 I.. -1 r »*ijr\k #„.M. 1V,y /  o/fusiityi t

^  S /  .. 4  /• UJUU
S 5 2  5 0“v l  >=V7

1 /  ‘ I  i O .

■"  ̂ >\i\ ^  A.. \

3 ( T 3 2

ino\

f i g u r e ? :  O K L A H O M A  ME AN A N N U A L  P R E C I P I T A T I O N
I In I n c h e s  I 

S o u r c e * .  S e e  R e f . 4 5



57

As mentioned before, the geographical d is tr ib u tio n  of ra in fa l l  

decreases sharply from east to  west. .Average annual p re c ip ita tio n  

ranges from 56 inches in  southern LeFlore County in  the southeastern 

corner o f the S tate  to  approximately 15 inches in  the western section  

o f the Panhandle. P rec ip ita tio n  in  the  form of snow ra re ly  remains on 

the ground more than a few days. Figure 7 is  an i l lu s t r a t io n  to  show 

the average annual p re c ip ita tio n  in  inches in Oklahoma. Once again, 

mean annual p re c ip ita tio n s  are not co nsisten t in  Oklahoma and there  

are also extreme v a ria tio n s  from one season to  another and area to  area 

(45).

Review of Municipal, In d u s tr ia l and 

A gricultural Water Uses in  Oklahoma 

Municipal Water Use

The demands fo r municipal supplies is  u su a lly  con tro lled  by urban 

population, the growth of business e n te rp rise s  and some other fa c to rs , 

such as the increased usuage o f a i r  co n d itio n ers , automatic washing 

machines, garbage d isposal u n its , e tc . Urban population seems to be 

the most s ig n if ic a n t fac to r  th a t might have a g rea t influence on 

municipal water demand.

In 1950, the to ta l  number of people resided  in  ru ra l areas was 

1,575,000 while approximately 822,000 liv ed  in  urban areas. By 1950, 

the population o f urban areas has increased to  1,140,000 while the 

ru ra l population was only 1,094,000. These f ig u re s  might ind ica te  a 

co nsisten t m igration from ru ra l to  urban areas in  Oklahoma. Consult­

ing with Table 5, i t  is  obvious th a t th e  d a ily  municipal water use has
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Table 3

Oklahoma Municipal, In d u stria l and 

A gricu ltu ral Water Uses H istory^^’ 

(In M illion Gallons Per Day)

Year Municipal Use In d u stria l Use .Agricultural Use 
(Irrig a tio n )

1930^^ 170.116 25.806 1.00

1935^^ 172.792 21.423 1.00

1940 '̂^ 133.152 20.250 1.00

1945^^ 148.432 29.680 2.00

1930^^ 192.038 39.613 3.00

1955^ 233.007 51.927 196.00*

1966^^ 403.00 159.45 433.00

1975^^ 447.00"" 323.99 692.00

*■4n estim ate

**Adjusted va lue

Source: —'Water: Oklahoma's No. 1 Problem, Bureau of 'Water Resources
Research, U niversity  of Oklahoma, and Oklahoma Water Resources 
Board,1956. See Reference (36).

— Reported Water Use in Oklahoma, Oklahoma Water Resources Board. 
See Reference (^6).
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increased from approximately 170 m illion  gallons per day to  192 m illion 

gallons per day during the year 1950-1950. The u n it municipal water use 

ra te  dropped from 196 gallons per cap ita  per day in  1950 to  ap­

proxim ately 150 gallons per cap ita  per day in  1940. This decline in u n it 

municipal use ra te  could be due to  the drought conditions th a t occured 

during th a t period  (56).

Records from the Oklahoma Water Resources Board (46) show a reported 

municipal w ater use o f 405 m illion gallons per day in  the year 1966.

That in d ica te s  an increase o f  110 per-cen t in  the municipal water use 

ra te  between 1950 and 1966. Furthermore, the  reported  municipal water 

use in  1975 was 447 m illion gallons per day, in d ica tin g  about 11 per­

cent increase between the years 1966 and 1975.

Therefore, Oklahoma must increase the amount o f  water presen tly  

availab le  to  meet and s a tis fy  the future expansion o f i t s  urban com­

m unities which w ill be resu lted  in increased municipal water requ ire­

ments .

Chapter V in  th is  study includes a l l  the fo recasts  of municipal 

water requirem ents from 1980 to  2040 and p ro jec ted  fo r both the State 

and county le v e ls  as well as some se lec ted  c i t i e s  in  the S ta te .

In d u s tr ia l Water Use

The amount o f  water used in industry  depends on the c la s s if ic a t io n  

of industry  (cooling, b o ile r, processing and other uses) as well as types 

and s ize s  o f in d u s tr ia l  p lan ts  w ithin each group. I f  we take Oklahoma, 

fo r  example, and re fe rin g  to Table 1, i t  is  very obvious th a t paper 

manufacturing industry  represents the h ighest average d a ily  water con­

sumption per worker. In d u stries , such as paper m ills , petroleum re ­
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f in e r ie s , petro-chem icals and cement are considered to  be la rg e r  users 

o f  water than o the r in d u s tr ie s , such as p rin tin g  and c lo th ing  in d u s tr ie s . 

Therefore, each in d u s tr ia l  process has d if fe re n t water requirements 

leve l which is  dependent on type of industry  as well as the a v a ila b il­

i t y  of raw m ateria ls .

The geographical d is tr ib u tio n  o f surface water a f fe c ts  the level 

o f  in d u s tr ia liz a tio n  in  the S ta te  o f Oklahoma besides the a v a i la b i l i ty  

o f  many other n a tu ra l resources than water. In o ther words, su r­

face water i s  more availab le  in the northeastern  p a r t  than many other 

portions o f the S tate  which provides a good support fo r b e t te r  indus­

t r i a l i z a t io n  standard  a t present and future years.

Consulting with Table 5, the to ta l  water used by in d u s tr ia l  

p la n ts  in  Oklahoma was 28.8 m illion  gallons per day in  the year 1950.

In 1950, the to ta l  water used was approximately 59.6 m illion  gallons 

p e r  day, which in d ica te s  an increase of 55 per-cent from 1950 to  1950. 

Between 1950 and 1940, the to ta l  water used by in d u s tr ia l p la n ts  in 

Oklahoma had dropped from 25.8 to  20.5 m illion gallons per day due 

to  the severe drought conditions th a t ex isted  a t th is  period .

Records from the Oklahoma Water Resources Board show th a t the in ­

d u s tr ia l water use in  Oklahoma was about 160 m illion  gallons per day 

in  1966. This i s  considered to  be a sharp increase from 1950 to  1966, 

which is  approximately 505 p e r-cen t. In 1975, the reported  in d u s tr ia l 

water use was 526 m illion  gallons per day. This im plies an increase 

o f  227 per-cen t between 1966 and 1975.

There is  no doubt th a t the ra te  of increase in the in d u s tr ia l  water 

use is  higher than the municipal ra te . The in d u s tr ia l  w ater use has
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increased from 1930 to  1975 a t a ra te  of 11 m illion  gallons per day 

per year, while the municipal ra te  was about 6 m illion  gallons per day 

per year during the  same period . This might be due to continuing develop­

ment of petro-chem icals and other in d u s tr ie s  in  the S tate  as well as the 

population increase .

I r r ig a tio n  h'ater Use

The concept o f fo recasting  water demands fo r a g r ic u ltu ra l purposes 

is  more d i f f i c u l t  due to the fact th a t i t  is  dependent on a v arie ty  

of socio-economic, environmental and technological fa c to rs , .■\mong a l l  

fac to rs  a ffe c tin g  a g ric u ltu ra l water use, number of acres ir r ig a te d  

appears to  be one o f the most important fac to rs  which should be taken 

in to  account.

There was a rap id  increase in number o f acres ir r ig a te d  in  Oklahoma 

in the p ast 50 y ears . In 1940, the i r r ig a t io n  w ater use was approximately 

1 m illion  gallons per day with ir r ig a te d  area equals 5,000 acres in the 

S ta te . The i r r ig a t io n  water use had reached the amount of 3 m illion 

gallons per day w ith associated  number of acres ir r ig a te d  equals 90,000. 

This ind icates  200 per-cen t increase in  ir r ig a t io n  water use from 1940 

to 1950. In 1956, there were 284,000 acres under i r r ig a t io n  in  Okla­

homa and the w ater use average had reached 254 m illion  gallons per day. .

The reported  w ater use fo r ir r ig a t io n  in  Oklahoma was 455 m illion 

gallons per day in  1966, which is  about 79 per-cen t increase over the 

1956 figu re . The reported  ir r ig a te d  area was 428,000 acres in  1966, 

which is  about 144,000 acres increase from 1956 to  1966. In 1975, the 

reported water use for i r r ig a tio n  was 692 m illion  gallons per day. The 

increase between 1966 and 1975 in ir r ig a t io n  water use is  around 52 per-
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cent (see Table 5).

Records of the Oklahoma IVater Resources Board r e f le c t  th a t almost 

one m illion  acres of land being i r r ig a te d ,  and th is  i s  expected to  

double within the  next 20 years (45). With the improved water u t i l i z a ­

tion  methods and increased acres o f  land under i r r ig a t io n ,  water must 

be availab le  to Oklahoma farmers to  feed c itize n s  and meet the fu ture 

a g ric u ltu ra l water requirem ents o f the S ta te . Figure 8 shows number 

o f acres under i r r ig a t io n  in  Oklahoma in  1975.
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CHAPTER I I I

FORECASTING APPROACHES .AND THE STEPWISE 

-MULTIPLE REGRESSION TECHNIQUE

Introduction

One of the main ob jectives of th is  chapter is  to discuss b r ie f ly  

the concept o f  fo recas tin g  and approaches o f fo recasting  methodologies. 

Then a review of the stepwise m ultiple reg ression  analysis is  p res­

ented since i t  i s  the basic  technique used in  th is  study in order to 

develop the S ta te 's  water demand models required .

Forecasting .Approaches 

I t  i s  d i f f i c u l t  to  d istingu ish  between estim ate , p red ic t and fo re­

cast. Certon (47) makes a fine destinction  in  a textbook on technologi­

cal fo recasting :

A technolog ical fo recast is  defined as a p red ic tio n , with 
a level of confidence, of a technological achievement 
in a given time frame with a spec ified  level of sunport

.A fo recast or p red ic tio n  may be defined to be a statem ent about 

unknown events whose occurance or non-occurance ty p ic a lly  l ie s  in  the 

fu tu re .

Following the h is to ry  of estim ating techniques, in  1950's engin­

eers and demographers based th e ir  estim ates on eye p ro jec tio n s . In 

the 1940's ,  engineers used arithm etic  progressions fo r small towns and

64
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farming areas and geometric progressions fo r vigorous c i t ie s  and old 

dying ones in  order to  form alize these p ro jec tio n s  mathematically.

A fter the 1940's ,  the p ic tu re  o f use of estim ating  techniques has 

s ig n if ic a n tly  changed esp ec ia lly  when economists entered the act.

Before the 1940's , a l l  p ro jec tio n s  were based on the p ast projected 

in to  the fu tu re . In the 1930's , economists applied  macro-economic 

fo recast procedures and then they re la ted  to people and water.

They used population syn thesis , regional ana ly sis  and market demand 

models as d if fe re n t t>’pes o f  estim ating techniques. During the 1960's, 

econometricians used s u p p l y  models, fa c to r  and component-analysis, 

cohort analysis and estim ating  techniques.

In the I 960' s . g a i n  applying the

Reid .ch s teps:

than
(3) - Validai
(4) - Reason^
0  - Dissaggr
0  - A lte rn a tif

Reid s ta ted  in  h is  systems approach is  one of

the techniques which has developed from operations research and 

systems engineering which allows us to  look a t  a l l  the in te rac tio n s  

a t one time using inductive followed by deductive reasoning or feed­

back (4).

There are severa l approaches to fo recasting  methodology. Some 

of these approaches are fo recasting  by ex trap o la tio n , fo recasting  by 

growth analogies, fo recastin g  by trend c o rre la tio n , dynamic fo recast­

ing, delphi technique and fo recasting  by in te rp re ta tio n  o f forecast 

data.
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Table 4

Use of Estisiating Techniaues''

Tvue Year Adolic a tio n

Eye 1930's Engineers and

Birth over deaths Demographer;

Logistic

.Arithmetic

Geometric 1940's Engineers

Incremental

Population theory

Curvilinear

Population systhesis

Factor and component analysis 1950's 'Economists

Cohort analysis

Input/output analysis

Supply Model 1960's

Factor and component-analysis

Cohort analysis

Input/output analysis

Goal o rien ta tion 1970's
R eid 's Study

Econometric techniques

4
Source: Reid, George iV., A Mult i s t ru c tu ra l Demand Model fo r  Vater

Requirement Forecasting, Bureau or K'ater Resources Resear: 
University of Oklahoma, January, 1970.
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farming areas and geometric progressions fo r vigorous c i t ie s  and old

dying ones in  order to  formulize these projections m athematically.

After the  1940's , the  p ic tu re  o f use of estimating techniques has

s ig n if ic a n tly  changed e sp ec ia lly  when economists en tered  the ac t.

Before the 1940's, a l l  p ro jec tions were based on th e  p as t p ro jec ted

into  the fu tu re . In the 1950's , economists applied macro-economic

forecast procedures and then they re la ted  to  people and w ater.

They used population  syn thesis , regional analysis and market demand

models as d if fe re n t t>'pes of estim ating techniques. During the 1960's,

econometricians used supply models, fac to r and component-analysis,

cohort an a ly sis  and inpu t/ou tpu t analysis as estim ating techniques.

In the la te  1960's, engineers entered the act again applying the systems

approach. Reid (4) explained the systems approach in follow ing steps:

(_1) - The model (recognition  o f a l l  variables)
(2) - The emphasis on goals _ (o u tp u t/ra th e r than inputs)
(2) - V alidation
(4̂ ) - Reasonable m etrics
(2) - D issaggregation to  p ro jec t level
(^) - A lte rn a tiv e s  (4, p . 8).

Reid s ta te d  in  h is  rep o rt th a t the systems approach i s  one of 

the techniques which has developed from operations research and 

systems engineering which allows us to  look a t all the in te rac tio n s  

a t one time using inductive followed by deductive reasoning or feed­

back (4) .

There are  several approaches to  forecasting  methodology. Some 

of these approaches are fo recasting  by extrapolation , fo recas tin g  by 

growth analog ies, fo recastin g  by trend corre la tion , dynamic fo re c a s t­

ing, delphi technique and fo recasting  by in te rp re ta tio n  o f  fo recast 

data.
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Table

Use of Estimating Techniques’’

Type Year Annlication

Eye 1930's Engineers and

Birth over deaths 

Logistic

Demographers

Arithmetic

Geometric 

Incremental 

Population theory 

C urvilinear

1940's Engineers

Population systhesis

Factor and component analysis 

Cohort analysis 

Input/output analysis

1950's 'Economists

Supply Model

Factor and component-analysis 

Cohort analysis 

Input/output analysis

1960's Econometricians

Goal o rien ta tion  

Econometric techniques

1970's
Reid's Study (4]

Source : Reid, George iV., A M ultistructural Demand Model for Water
Requirement Forecasting, Bureau of Water Resources Research, 
U niversity o f Oklahoma, January, 1970.
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Forecasting by ex trapo lation  includes four categories which are 

simple, curve f i t t i n g ,  trend  curves and system atic curve f i t t in g .

The two basic  assumptions associated  with trend  ex trapo lation  are:

0 )  th a t those forces which crea ted  the  p r io r  p a tte rn  o f progress 

w ill more lik e ly  continue than change ; and (2_) th a t the combined 

e ffe c t o f these forces is  more lik e ly  to  extend the previous p a tte rn  

of progress than i t  is  to  produce a d if fe re n t p a tte rn . The growth 

is  considered in  terms o f cumulative time or calender year. Simple 

ex trapo lation  i s  the  most popular p resen t method.

Forecasting by growth analogies has two major methods which are 

growth method using a lo g is t ic  curve and h is to r ic a l  method which is  

a comparison with o ther cases in the p a s t where subsequent trends 

are known. Experience demonstrates such an ex trapo lation  to  be approp­

r ia te .  R eflection upon the growth fac to rs  a t  play seem to  ind ica te  

th a t u n ti l  some physical lim it is  reached, an in c re a se ,in  functional 

c a p a b ili tie s  is  to be expected.

Forecasting by trend co rre la tio n  i s  the trend  of a techn ica l para­

meter which is  complex and d i f f ic u l t  to  p re d ic t by i t s e l f  and may some­

times be more e a s i ly  expressed as a r e s u l t  o f  a re la tionsh ip  between 

two or more o ther trends. The trend  c o rre la tio n  has four major methods 

which a re : U) p re-cu rso r events which is  o ften  used in econometric

models where a change in  one param eter may foreshadow a change in  

another; c o rre la tio n  analysis where a l l  variab les are assumed 

uncertain ; (£) regression  analysis  where some variab les are assumed 

to  be d e te rm in is tic ; and (£} c o rre la tio n  co e ff ic ie n t which i s  s im ila r 

to  co rre la tio n  analysis method.
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The dynamic fo recasting  approach is  a technique of " In d u s tr ia l 

Dynamics." The technolog ical progress i s  based upon mathematical 

expression o f the influence o f those fac to rs  over which contro l may be 

exercised. Those fac to rs  include number of people tra in ed  fo r  a 

given research and development function , the number of people employed 

to  perform th a t function and the f a c i l i t i e s  provided fo r experiment.

The e ffe c t o f each o f these fa c to rs , and the feedback re la tio n s h ip , are 

combined in  equations which provide a p red ic tion  of the technolog ical 

progress to  be obtained from a given input of the fac to rs  involved.

The delphi technique i s  simply the system atic s o l ic i ta t io n  o f 

expert opinion instead  o f using the tra d itio n a l approach toward achiev­

ing a consensus through open d iscussion . The delphi technique co n sis ts  

o f in te ra c tiv e  process which allows fo r anonymous p resen ta tio n , 

feedback and re-eva lu a tio n  o f a se t o f judgements supplied by a group 

o f  informed ind iv id u a ls . This technique elim inates committee a c t iv i ty  

a lto g e th e r, thus i t  reduces the  influence of ce rta in  psychological 

fa c to rs . In sh o rt, the delphi technique seems worthy o f study as a 

too l of water resource planning and i t  could be used in  conjunction 

with more mathematical methods to  prove th a t the re su lts  o f these are 

r e a l i s t i c  and consis ten t with a consensus of expert opinion (IS ).

With public systems, such as water systems, the model th a t p red ­

ic ts  the need (demand) fo r  w ater i s  usually  generated based on p as t 

tren d s , casting  forward; l in e a r ly  or s tra ig h t lin e ; geom etrically  i f  

growth is  acce le ra tin g  o r d ece le ra tin g ; or by using a growth analog 

and find  one 's  p o s itio n  in  time on i t ,  such as the lo g is t ic  population 

theory . The demand fo r w ater can a lso  be p red ic ted  by using operations
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research techniques, such as s to c h a s tic , regression  an a ly sis , auto­

co rre la tio n  an a ly sis  or moving and weighted averages, or o ther pudential 

smoothing techniques, or cohort an a ly sis . These techniques are based 

prim arily  on p ast performance since a t  le a s t by p rac tice  we are tie d  

to  the past tre n d s .

There are  two major components o f  any reasonable fo recasting  

procedure which are  theory and data. The levels of so p h is tic a tio n  

fo r the theory  and the data  requirements range from the naive and 

lim ited  to  the  h igh ly  complex and ex tensive. In order to  evaluate 

the th e o re tic a l aspect o f fo recas tin g , the concept of "v e rif ic a tio n "  

i s  imposed upon both the technique and the p red ic tio n . V erifica tion  

o f the  p red ic tio n  simply means th a t a f te r  a ce rta in  period o f time 

has elapsed, i t  must be possib le  to a sce rta in  i f  fo recast is  true  or 

not. V erific a tio n  of method requ ires th a t the lin e  o f thought leading 

to  the  p red ic tio n  should be based upon th e o re tic a l considerations which 

involve mathematical concepts from the f ie ld  o f s t a t i s t i c s  and prob­

a b i l i ty .

The o ther component o f a fo recasting  procedure is  data . Data 

used in fo recas tin g  and p red ic tio n  o rd in a rily  a rise  as d isc re te  time 

se r ie s  data th a t  may rep resen t large number o f physical or economic 

measurements. I f  the fo recas t is  to  be e f fe c tiv e , the data must be 

a good rep resen ta tio n  o f the actual process and must be free  of e rro r . 

E rrors can be a major e rro r  o f  inaccuracy in  estim ation  and the use 

o f fo recastin g  models.

However, the p r in c ip le  o f a n a ly tic a l p ro jec tion  i s  simple. F ir s t  

o f a l l ,  i t  req u ire s  a system atic examination o f a l l  the fac to rs
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th a t might a ffe c t the variab le  to  be p ro jec ted . Secondly, analysis 

of the re la tio n sh ip  between these fac to rs  and the variab le . The form 

th a t the re la tio n sh ip s  should take is  u sually  very hard to be c e rta in . 

In some cases, l in e a r i ty  seems to  be the sim plest assumption, but a 

"better"  re la tio n  might tu rn  out to  be, such as linear in  the lo g a ri­

thms of the v a ria b le s , or a polynomial form. A fter deciding upon a 

certa in  form, s t a t i s t i c a l  methods, for example, m ultiple regression  

analysis , are applied  in  o rder to  estim ate the "best" values o f the 

constants given the observed values av a ilab le . There a re  various te s ts  

to be applies to  evaluate the re s u lts ,  in  p a r t ic u la r ,  t o  assess the 

s ign ificance level o f the estim ated constant co e ff ic ien ts . Once 

these te s t s  are passed, p ro jec ted  values of the variab le  are  obtained 

by in se r tin g  assumed o r  fo recasted  values of the p red ic to r fac to rs .

I t  should be mentioned here th a t we always deal with the  problem 

of uncerta in ty  o f p ro jec tio n s  as we consider a system atic p ro jec tio n  

methodology. The ex istence  o f uncerta in ty  of p ro jec tions may be gener­

ated from several sources. The f i r s t  group o f sources o f  uncerta in ty  

re la te s  to  possib le  e rro rs  in  the data base. Again, erro rs  in meas­

urements and in te rp re ta tio n  in  the data base can be a major source of 

inaccuracy in  estim ation  and in the app lica tion  o f forecasting models. 

The second source o f  u n ce rta in ty  might be re la te d  to  s tru c tu ra l e rro rs  

of the p ro jec tio n  model. F in a lly , the exogenous variab les introduced 

in to  the p ro jec tio n  model might group the  th ird  category of sources of 

uncertain ty  of p ro jec tio n s  (5).

To achieve the ob jec tives  o f th is  study, the analysis sh a ll 

consist o f  two major phases. The f i r s t  phase deals with the id e n t i f i -
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cation o f a l l  orginal fac to rs  co llec ted  to be involved in  computing 

the p red ic tiv e  demand equations. The second phase is  the app lica tion  

of the "Stepwise M ultiple Regression .Analysis" through the use of 

computer programs in  o rder to  re la te  these fac to rs  to  one another.

Both of these two phases are discussed in  the next chapter. However, 

i t  is  necessary to  give a b r ie f  d iscussion of the basic  technique used 

in  th is  study.

Stepwise M ultiple Regression Analysis 

M ultiple regression  analysis i s  one of the most widely used o f a l l  

s t a t i s t i c a l  to o ls . Stepwise m ultiple regression analysis i s  a technique 

used to  help choosing independent v ariab le  which provide the best 

p red ic tion  possib le with the appropriate number o f  independent 

variab les . In general, a stepwise m ultip le  regression program works 

as follows (48):

Step 1. From a l l  the independent variab les considered in the 

study, the program w ill  pick up the independent variab le  with the la rg e s t 

absolute value of the simple c o rre la tio n  co e ffic ien t [r] with the dep­

endent variab le  Y, say X ,̂ to  compute the  regression  equation Y = f  (X^). 

The simple co rre la tio n  co e ffic ien t between any two random variab les  is  

a good ind ica tio n  o f the lin e a r  re la tio n sh ip  between them. In general, 

the mathematical equation to  define the simple co rre la tio n  between any 

two random variab les can be w ritten  as:

_ Z(XY -  W )
Tvv =  (3.1)- rj

YV 7  ^  7  V
[Z(X - X)" E(Y - Y)-''^



72

where: = simple co rre la tio n  co e ffic ie n t o f Y vs. X,

Y = dependent v a riab le ,

X = independent v a riab le ,

Y = arithm etic mean value o f  Y,

X = arithm etic mean value o f  X,

XY = product o f X and Y,

XY = arithm etic mean value o f  XY.

Step 2 . The program w ill pick up the subsequent independent 

variab le  which has the highest p a r t ia l  c o rre la tio n  c o e ffic ie n t with 

the dependent v a ria b le . In o ther words, from X, to  X^, the program w ill 

se lec t X̂  with the highest p a r t ia l  c o rre la tio n  c o e ffic ie n t with the 

dependent variab le  Y to  compute the regression  lin e  Y = f(X^, X^).

In general, the p a r t ia l  co rre la tio n  c o e ff ic ie n t o f  Y, X and Z, fo r 

example, can be defined as follows:

r^^  ̂ = ^YX - ^YZ ^XZ  [3-21

-

where : r^^ ^ = p a r t ia l  co rre la tio n  c o e f f ic ie n t o f Y and X while

Z is  held constant,

= simple co rre la tio n  c o e ff ic ie n t o f Y and X,

= simple co rre la tio n  c o e ff ic ie n t o f Y and Z,

r ^ 2  = simple c o rre la tio n  c o e ff ic ie n t o f X and Z.

I should be ind icated  here th a t a zero value fo r  the simple or 

p a r t ia l  co rre la tio n  co effic ien t does not imply "no re la t io n ."  Rather, 

i t  means "no l in e a r ."  Thus, c o rre la tio n , simple o r  p a r t i a l ,  is  a

measure o f lin e a r  re la tio n  only; i t  i s  of no use in  describ ing  non­

lin e a r re la tio n s  (49).



75

Step 5. By means o f  F - te s t ,  over-a ll and p a r t ia l  F - te s t ,  the

program w ill decide to  accept or re je c t new independent variab les  in

the estim ated equation. For any newly added independent v a ria b le , say

X , i f  F - value i s  more than F - value (where F is  an F - value e e 0  0

p erta in in g  to  p re se le c ted  lev e l o f s ig n if ican ce ), the program w ill allow 

to  be the new added variab le  in  the estim ated equation since i t  w ill 

increase the reg ression  mean squares, otherw ise, i t  w ill go back to  

Step 2. The program w ill repeat computing F  ̂ - value fo r each new en­

te rin g  independent variab le  and compare i t  with F - value of p rese lec ted  

level o f s ig n ifican ce  u n ti l  i t  reaches the h ighest co e ffic ien t of 

m ultip le determ ination (R"). This means th a t no increase in  reg ression  

mean squares can be p ossib ly  achieved. Then, the program w ill go to  

Step 4.

R“ is  ca lled  the c o e ff ic ie n t of m ultiple determ ination and defined

by Iv’onnacott (49) as follows: 

7 : (Yi - "  '
R

-  —  2
2 _  ̂ *-̂ i _ explained varia tio n  of Y _ "1

—  ? tnral ira-ri nn nf Y ............... ̂ _ Y)*" to ta l  v a ria tio n  of Y

7
where: R“ = c o e ff ic ie n t of m ultiple determ ination,

Y. = .estim ated value fo r the observed i th  value of the1

dependent variab le  Y,

Y = a rith m etic  mean value of Y,

Ŷ  = observed i th  value of the dependent variab le  Y.

Thus, the program w ill add add itional explanatory variab les  to  

the model in  order to  decide how helpfu l these v ariab les  are in  im­

proving the explanation of the v a ria tio n  in  Y.
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F -test*  is  used to  t e s t  the s t a t i s t i c a l  s ign ificance o f each reg­

resso r. Simply, i t  is  the r a t io  o f add itional variance explained by the 

add ition  o f  the new v a riab le  divided by the unexplained variance, 

which is  ca lled  the re s id u a l mean square (50). Thus, i t  can be def­

ined as follows (49):

Z (Y. - Ÿ)“/K -l , . , . _P _ 1   ^ explained variance  (j-4)
„ j-Y y Jn K unexplained variance

1 1

where: K = number of param eters considered in  the model a t  a

sp e c if ic  s tep  including the in te rc e p t, 

n = sample s ize  or number of observations,

Y ., Y and Y are as defined before.

Step 4 . The program w ill adopt the model which has the "best"
2

R value and a l l  the p o ssib le  explanatory variab les  th a t passed the 

sequen tial F - te s t .

The general form o f a l l  the developed water demand models for 

the S ta te  o f Oklahoma w ill be expressed as follows:

= «0 ♦ h  h i  ’  h  h i  " ----------- * h h i .......................

where: Y. . = water demand fo r  category j o f  water use fo r year
J > ̂

i  fo r Oklahoma,

= reg ression  c o e ff ic ie n ts  to  be estim ated,

= independent socio-economic and environmental var­

iab les  fo r  year i .

* F -te s t i s  explained in  more d e ta i ls  in Appendix A as well as R“ and 
t - t e s t .
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n = number o f  independent variab les which varies  from one 

model to  another, 

j  = d iffe re n t ca tegories of water use of Oklahoma:

municipal water use (M); in d u stria l water use [I) ; 

to ta l  w ater use (T) ; and per capita municipal 

water use (PC).

The following section  o f  th is  chapter i s  a review o f  the p r in c ip le s  

of the general lin e a r  reg ression  model, .toy general regression model 

with normal e r ro r  term can be defined as follows:

 * Sp-i ' i '  P - i  * ' i  ■ •

where: i  = 1, 2, . . . . ,n which denotes the number of indep­

endent v a ria b le s ,

\ l '  ^ 2 ’ ' • • • ^ i ,  p-1 =

are known constants or independent v a riab les ,

ô' 1̂' ^2'..................... ' %-r
reg ression  parameters to be estimated 

e^ = are independent random variab les which are normally 

d is tr ib u te d  and have a constant variance, th a t i s ,

N (0, 0 - ) .

Assume = 1, equation (3.6) may be defined as follows:

^ i  ̂ ^ 0  h o   ̂ ^1 ^ i l  ^ ^2 ‘̂ 2  ^ ' • • • ^ % -l - \ , p - l  * ®i • • 

S u b stitu ting  the value of X.^ = 1 in equation (3 .6 a ), we obta in :
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p-1

" i  + ' i ................................................................................

Since are assumed to  be normally d is tr ib u te d , thus, E (e^) = o, 

th e re fo re , the response function fo r equation (5.6b) can be given by the 

following mathematical equation:

E (Y ) = 6 ,  +  + 6 2  -"̂ 2 + . . . . . . . . . . . . . . . . . . . . . . . . . . "  S - 1  ̂ - 1 - -- --- - - - - -

The general l in e a r  regression model im plies several basic  assump­

tio n s .  F ir s t ,  the observations of are s t a t i s t i c a l l y  independent 

random v ariab les  which are normally d is tr ib u te d  with mean value E(Y^)

given by equation (3 .7 ). Moreover, Y.. have constant variance equals 
o

0 ". Secondly, the e r ro r  terms e^ are also  assumed to  be independent 

random v ariab les  with mean value E (e^) = 0 , and a constant variance 

equals o^. F in a lly , i t  is  assumed th a t th e re  are no in te ra c tin g  

e f fe c ts  between the independent variab les  p-1 given by the general 

l in e a r  model, which is  a f i r s t  order model, given by equation (3 .6 ).

The e rro r  terms e^ may be regarded as the sum of two major com­

ponents. The f i r s t  component is  due to  measurement e rro r  in  the dep­

endent v a riab les  Y^. The second conponent i s  ca lled  s to ch as tic  erro r 

which occurs because o f  the  inherent ir re p ro d u c ib il ity  b io lo g ica l 

and so c ia l phenomena. Since the n a tu r i l iz a t io n  o f extraneous influence 

by holding constant can not be achieved, the  useful technique fo r 

reducing s to ch as tic  e rro r  is  to regress Ŷ  on as w ell as the ex­

traneous fa c to rs . This i s  called  the m ultip le  regression  technique (49)



The general linear regression  model defined by equation (3 .6 ], 

can be expressed in  matrix no ta tion  as follow s:

Y
n . l (3.8)

11

21

12

22

1, p-1

S ,  p-1

X
n.p

. . (3.9)

P-1

nl n2 Xn p-1

8
P-1

(3.10)
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e.

e
n .l" (3.10)

Both of Y and e are vectors having number o f  rows equals to  number 

o f observations n. The B vector contains add itional reg ression  para­

m eters. The X m atrix  contains a column o f I 's  as well as a column of 

n observations on each of the p-1 X variab les in  the reg ression  model.

In m atrix form, the general lin e a r  reg ression  model i s :

Y = X 6 ^ e
n . l  n.p p . 1 n .1 (3.11)

where: Y = i s  a vector of observations,

X = i s  a m atrix of constan ts,

8 = i s  a vector of param eters,

e = i s  a vector of independent normal random v a ria b le s  with

expectation  E (e^) = o, and variance - covariance 

m atrix  as:

(e) = a" I . (3.12a)

The random v ecto r Y has expectation

E (Y) = X 8 ........................................................................... (3.13)
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and the variance - covariance m atrix o f Y is :

a“ (Y) = a" I (3.14)

To obtain the le a s t squares estim ato rs , le t  us denote the vector of 

estim ated regression co e ffic ien ts  b^, b^, b ^ , ................. , b  ̂ as b:

b ^

P-1
(3.13)

6 - i j

The le a s t squares normal equations for the general lin ear regression 

model are:

(X'X) b = X'Y 
p.p p . l  p . l (3.16)

The le a s t squares estim ators in m atrix form are;

b = (X'X)"^ X'Y
p . l  p .p  p . l (3.17)

The le a s t squares estim ators are maximum likelihood estim ators which 

have the "BLUE" p ro p e rtie s . "BLUE" means "best lin ear unbiased estima­

to rs ."*

E (b) = 3 (3.18)

* Proofs of the "BLUE” p roperties  of the le a s t squares estim ators are 
explained in Chapter 2 in  references (49, 30, 31).
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Linear estim ator is  refered  to  the fac t tha t the le ast squares es­

tim ators have a lin ea r re la tio n  with the random variables Y ,̂ th a t i s :

b. = I W. Y..............................................................................................(3.19)1 1 1  ^

where each i s  a fixed constant.

The term "best estim ators" means th a t within the class o f " lin e a r"  

and "unbiased" estim ators of the le a s t squares estim ators b^ have 

minimum variance ( th is  i s  ca lled  Gauss Markov Theorem).

In summary, the basic  assumptions of the least squares technique

can be s ta te d  as follows:

(1̂ ) The observations o f Y. are s ta t i s t ic a l ly  independent 
random variab les . They are normally d istribu ted  with a 
constant variance and mean value given by equation (3 .7 ).

(2̂ ) The e rro r terms e. are assumed to  be independent random 
variab les with mean value equals zero and constant 
variance. They are independent from each other 
(covariance of e. and e. is  equal to  zero) as well 
as they are independent^from the independent variab les
X. (covariance of e. and X. is  equal to zero).1 1 1 ^

(_3) The independent variab les X. are assumed to constant or 
fixed , th a t i s ,  they are determined outside the model 
and assumed to  be independent from eacn otaer.

Evaluation of Regression Models 

There are several s t a t i s t i c a l  indices and tests  th a t provide 

helpful approaches to  evaluate regression lin e s . However, most o f 

these indices are based on ra th e r s t r i c t  assumptions about the ex­

planatory variab les and the e rro r term. Violations o f  these as­

sumptions might lead to meaningless re su lts  when applied to  model 

s tru c tu re s .

The f i r s t  problem area is  ca lled  the "m ultico llinearity" problem. 

This e x is ts  when some or a l l  the independent variables are co rre la ted . 

I f  i t  is  a complete m u ltic o llin ea rity  problem, the coeffic ien ts  o f the



81

regression can not be estimated (49). In the case o f p a r t ia l  m ulticol­

lin e a r ity , some o f important independent variables might be omitted 

from the model ju s t  because th e ir  coeffic ien ts  are not s ign ifican tly  

d iffe re n t from zero. That is  due to  misleading t  and F te s ts .

The second problem area is  due to v io la tions o f assumptions about 

the e rro r terms e^ which is  called the "au tocorre la tion" problem. I t  

occurs when there  is  a correlation  between the e rro r terms e^, that i s ,  

i f  they are not independent from each o ther. I t  a lso  might occur due 

to measurement e rro rs  in the explanatory variab les . The consequence 

of th is  problem is  th a t we might not get the "best" co effic ien ts  es­

tim ators, th a t  i s ,  the estim ators w ill have large variances. ,A.lso, we 

might face the problem of omitting some of the important independent 

variab les from the re la tio n . Moreover, i f  e^ are not independent from 

each o ther, we might face what is  called  the "heteroscedastic ity"

problem which means th a t e^ w ill have unequal variances. Tlie only 

problem associated  with the "heteroscedasticity" is  th a t the estim ators, 

again, w ill have large variances but they w ill stay  unbiased.

There are several common sense checks th a t can be performed on reg­

ression lin e s  in  order to measure the "goodness o f f i t "  o f these 

lin e s . These checks are:

(1_) Evaluation o f  signs of regression c o e ffic ien ts . This is  one 

of the fundamental te s ts  o f any regression lin e . Suppose, fo r example, 

th a t population was determined to be a s ig n if ican t independent variable 

in  a to ta l  municipal water demand model. The co e ffic ien t of population 

in th is  case must be positive  because to ta l  municipal water use in­

creases when population r is e s , otherwise, we must conclude then some­

thing must be wrong.
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(^) Evaluation o f  standard  econometric ind ices.*  The most common 

methods th a t often  used are :

( a ) , S ta t i s t ic a l  t - t e s t  or F - te s t to  decide whether or 

not the reg ress io n  co e ff ic ien ts  are s ig n if ic a n tly  

d iffe re n t from zero, th a t i s ,  8,. = o versus 8^ f  o.

(b ) . Analysis o f variance (ANOVA) which is  b a s ic a lly  the 

sequential F - te s t  which i s  the r a t io  o f  the regression  

sum of squares (explained variance of Y )̂ divided by 

the re s id u a l mean squares (unexplained variance of

Y^). This t e s t  is  to  determine how much v a r ia tio n  

o f Ŷ  can be explained by addition of new in ­

dependent v a riab les  .X̂ a t  a given sign ifican ce  le v e l.
2

(£ ). The c o e ff ic ie n t of m ultip le determ ination R

which measures the appropriate reduction in  to ta l

v a ria tio n  o f Ŷ  associated  with the use o f a s e t 
2

of X. v a r ia b le s . R takes on the value o f 1 when 
1

a l l  observations f a l l  d ire c t ly  on the f i t t e d  r e s ­

ponse su rface , th a t i s ,  when Ŷ  = Ŷ  fo r a l l  i .

(£) Evaluation o f  p lo ts ,  resid u a ls  against the independent variab les  

X̂  or the f i t t e d  values o f  Y^. These p lo ts  are he lp fu l to  examine 

whether the variance o f  the e r ro r  terms i s  constant (51). Our ob jective 

is  to  obtain a horizontal band about the lin e  on which the e r ro r  equals 

zero, with a narrow band. This w ill ind ica te  a small constant variance 

o f the e rro r  terms e^ which in p lie s  a good regression  model. In the 

case of having a conical shape o f the p lo t ,  th is  suggests th a t the e rro r

See Appendix A for more d e ta i ls .
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variance increases with o r . I f  we have an in c lin ed  p lo t shape,

th is  in d ic a te s  a system atic b ias  which most of the times occurs because

of om itted v ariab les (48).

Now, and a f te r  the theory and the technique have been discussed in

th is  chap ter, the  p ra c tic a l app lica tions are  explained in  Chapter IV

using the "BMD02R" 8 "BMDOIR" stepwise regression  programs. Also,

Appendix A includes discussion in  more d e ta i ls ,  o f F - te s t ,  t - t e s t ,  analysis

2
of variance (ANOVA), and c o e ff ic ie n t o f m ultiple determ ination R“ .



CH.4PTER IV 

THE DEVELOPED WATER DEMAND MODELS 

FOR OKLAHOMA

Introduction

This chapter i s  a comprehensive p resen ta tio n  o f  th e  major water 

demand models developed fo r the S ta te  of Oklahoma fo r  d iffe re n t categories 

o f  water use . These water demand models a re ; to t a l  municipal and domestic 

w ater demand model, per cap ita  municipal and domestic water demand 

model, to ta l  in d u s tr ia l  water demand model, to t a l  a g r ic u ltu ra l [ i r ­

r ig a tio n ) w ater demand model and the to ta l  w ater demand model fo r the 

S ta te . The o r ig in a l data se t of a l l  the independent and the dependent 

v ariab les  i n i t i a l l y  t r i e d  in the process o f models development as well 

as sources o f  inform ation are included in  th is  chap ter. Moreover, 

s t a t i s t i c a l  ind ices and evaluation o f the developed models are f a ir ly  

d iscussed based on the regression  theory  explained in  the previous 

chapter. .Appendix B contains a l l  ta b le s  o f h is to r ic a l  data fo r  each 

v a riab le  used in  developing these water demand models.

I t  is  very e s se n tia l here to  define each category o f water use fo r 

which the demand models have been developed. The following d e fin itio n s  

were adapted from the  Oklahoma Water Resources Board [GWRB] from annual 

rep o rts  (46). These d e fin itio n s  o f terms are :

84
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I r r ig a t io n  water use includes a l l  farm crops, such as a lfa lfa ,  

grain com , silag e  corn, co tton , h o r tic u ltu re , pastu re , peanuts, wheat, 

small g ra in , soybeans, grain sorghum, forage sorghum, and other crops. 

Truck gardens, flower gardens, greenhouses and nursery stock are genera lly  

included as "h o rtic u ltu re "  crops. "Other crops" term includes uses 

not sp ec ified , such a broom com , mung beans, p re ir r ig a tio n  and g o lf 

courses.

Municipal water use term i s  water used by a l l  m unicipalities and 

may include in d u s tr ia l  and i r r ig a t io n  whenever water is  supplied by 

the c ity . I t  also includes domestic water use.

In d u s tr ia l water use term includes a l l  o ther kinds o f se lf-su p p lied  

in d u s tr ie s , such as paper manufacturing, petro-chem ical production, 

petroleum re f in in g , chemical production, g la ss  production, cement prod­

uction , food processing, p r in tin g , metals and fab ric a tio n , machinery, 

c lo thing production and many o ther in d u s tr ie s . Water flood operations 

are not included under the in d u s tr ia l  water use category.

Total water use term includes a l l  the previous th ree categories 

of water use besides w ater used in rec rea tio n  and w ild life , secondary 

o i l  recovery and o th e r municipal and in d u s tr ia l uses. The term rec rea ­

tio n  and w ild ldfe includes w ater used o r re leased  from storage fo r 

propagation of f ish  and w ild l ife  bu t does not include evaporation lo sses  

re la te d  to  lakes and r iv e rs .  The term secondary o il  recovery covers 

w ater-flood operations using fresh  water on ly , th a t i s ,  s a l t  water is  

not included. The term o ther municipal and in d u s tr ia l includes m ultip le- 

u n it domestic use, laund ries , ca fes, h o te ls , in s ti tu tio n s  and housing 

development not reported elsewhere. S ing le-un it domestic use does not
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have to  be reported .

I t  should be emphasized th a t the accuracy of the water use data 

obtained from the Oklahoma water use reports (46) depends, therefore , 

on the accuracy o f these reports by the water u sers . The water use 

reports show whether the use was from ground water or from stream water. 

In th is  study and fo r  each category of water use considered, the sum 

of both ground and stream water was used. In some cases and fo r some 

years, water d a ta  obtained from the (OWRB) had to  be ad justed  by con­

su ltin g  with o th e r pub lica tions (6, 8, 56) and by tak ing  some years 

data as base years .

Another p o in t to  be cleared i s  tha t the Oklahoma S ta tu te s  require 

th a t any person tak ing  and using water fo r b e n e fic ia l purposes, other 

than domestic, must f i r s t  obtain a permit from the (OWRB) and must sub­

mit annual water use re p o rts . Domestic use i s  defined as water for 

household, stock water and gardens and orchards not exceeding three 

acres .

The S ta te 's  Municipal and Domestic 

Water Demand Model 

In order to  develop the S ta te 's  municipal and domestic water demand 

model, and since the S ta te 's  p o ten tia l economic growth i s  rap id ly  

increasing , a s e t  o f socio-economic and clim ato log ical explanatory 

variab les was considered. For both municipal and domestic water use 

variab le  and the independent variab les , h is to r ic a l  data from the year 

1966 to  the year 1976 were used. The to ta l  number of independent var­

iab les i n i t i a l l y  t r i e d  was s ix  variab les. These dependent and indepen-



dent variab les  w ith th e ir  data  co llec tio n  sources can be l i s te d  as 

follows:

= to ta l  municipal and domestic water use of Oklahoma in  

thousands o f ac re -fe e t per year as defined previously  

in  th is  chapter. I t  is  the sum o f ground and stream 

water used by m u n ic ip a lities . Values were obtained from 

the (OWRB) and ad justed  based on 1966 and 1976 fig u res .

= to ta l  population o f  Oklahoma in  thousands. Data on 

population was b a s ic a lly  co llec ted  from the Oklahoma 

Employment S ecurity  Commission (OESC) recoreds (54) and 

fu r th e r  checked w ith the records availab le  a t the Center 

fo r Economic and Management Research, College o f Business 

A dm inistration, Oklahoma U niversity  (55) and o ther published 

books (56). Population values used from the year 1966 

through the year 1976 were mid-year estim ates.

= nominal per cap ita  personal income of Oklahoma in curren t 

d o lla rs . Data used was co llec ted  from the same sources 

of inform ation fo r population data mentioned above.

X_ = n o n -ag ricu ltu ra l employment o f  Oklahoma (annual average 

values) in  thousands. N on-agricu ltural wages and sa la ry  

employment re la te s  to  place o f  work o f workers and not 

to  th e i r  place o f residence. The term n o n -ag ricu ltu ra l 

engloyment - as defined by the  Oklahoma Employment 

S ecurity  Commission - includes mining, co n trac t construc­

tio n , m anufacturing, tran sp o rta tio n  and pub lic  fac­

i l i t i e s ,  wholesale and r e ta i l  trade , finance, insurance
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and re a l e s ta te , services and government employment.

Data was co llec ted  from the (OESC) records (57, 58,

59, 60) and checked with the records o f  the Center fo r  Econo­

mic and Management Research a t  Oklahoma U niversity  (55).

X. = to ta l  g ro s s -s ta te  product o f Oklahoma in  m illions of 

cu rren t d o lla rs . Data used was developed by Liew (61) 

a t the Center fo r Economic and Management Research, College 

o f Business Adm inistration a t Oklahoma U niversity .

X_ = mean annual temperature o f Oklahoma in  F°. I t  was 

determined by taking the average o f the  values o f  the 

nine d iv isio n s  o f the S ta te .

= mean annual p re c ip ita tio n  of Oklahoma in  inches.

The same procedure of determining the mean annual 

tem perature of Oklahoma was followed in  order to 

determine the mean annual p re c ip ita tio n . Clima­

to lo g ic a l data was co llec ted  from the U. S. Department 

o f Commerce from the National Oceanic and Atmospheric 

A dm inistration records (62) and checked again with the  

records o f the Center fo r Economic and Management 

Research a t Oklahoma U niversity  (55).

There are  several t r i a l s  made using d if fe re n t combinations of the 

s ix  independent v ariab les  mentioned above with the  to ta l  S ta te 's  

municipal and domestic water use in order to  develop the b est m ultiple 

regression  equation . For instance, to ta l  population (X^), per cap ita  

income (X^), g ro ss -s ta te  product (X^), mean annual temperature (X_) and 

mean annual p re c ip ita tio n  (X^) were t r i e d  toge ther with the dependent
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variab le  . Applying the stepw ise m ultiple reg ression  programs 

(BMD02R) § (BNDOIR), the following p red ic tiv e  equation was developed:

Yĵ j = 13 .8052 + 0 .1 5 5 7  -  0 .0 025  + 0 .8 14 8  X̂

+ 0 .0614  X ................................................( 4 . 1 )

R" = 0 .9 9 5 7

SEE = 1 .8678

F = 256 .956  c

= 5.55 a t 5% lev e l

= 9 . 1 5  a t 5% le v e l

Employment was no t included among the independent v a r ia b le s . The 

model developed in  equation (4.1) has a very high c o e ff ic ie n t o f  m ultip le 

determ ination (R^) and a l l  the independent variab les  included pass the 

sequential F - te s t  a t both 5% and 1% sign ificance le v e ls . However, the 

sign o f  the p r e c ip i ta t io n 's  c o e ff ic ie n t does not look c o rre c t, th a t  i s ,  

a p o s itiv e  sign fo r th a t  c o e ff ic ie n t implies a p o s itiv e  re la tio n sh ip  

between p re c ip ita tio n  and municipal and domestic water use which i s  not 

log ic . The r e s t  of th e  c o e ff ic ie n ts  have co rrec t signs in  the equation.

Another attem pt was to  try  X ,̂ X^, X̂  and excluding income, employ­

ment and tem perature. The developed equation in  th is  case is  given by 

the following r e la t io n :

Y,, = 1.7788 + 0.1849 X, - 0.0002 X̂  + 0.0577 X , ...............................(4.2)M 1 4  6

= 0.9952

SEE = 1.80
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F = 340.002 c

= 5.53 a t 5% lev e l

=9 . 1 5  a t 5% lev e l

The c o e ff ic ie n t o f m ultip le  determ ination is  high and a l l  the in ­

cluded independent v ariab les  pass the sequential F - te s t .  But the prob­

lem of a p o s itiv e  sign o f the p r e c ip ita t io n 's  c o e ffic ien t s t i l l  e x is ts .

The b est t r i a l  which provides the b est m ultiple regression  equation 

i s  the one using to ta l  popula tion , per cap ita  income, non-agricu ltu ra l 

employment, to ta l  g ro s s -s ta te  product and mean annual p rec ip ita tio n  as 

our independent variab les  and excluding mean annual temperature. The 

steps o f developing the  f in a l  municipal and domestic water demand model 

fo r the S ta te  by applying the  stepwise m ultiple regression  program are 

i l lu s t r a te d  in  Table 5 with a l l  the s t a t i s t i c a l  ind ices.

The f in a l S ta te 's  municipal and domestic water demand model can be 

given by the following formula:

Y... = 55.147 + 0.1344 X,. + 0.1145 X_. - 0.0015 X,. Ml l i  4i

- 0.0668 X.. (4.3)
01

where: = to ta l  municipal and domestic water requirements

fo r  Oklahoma fo r  year i  in thousands o f acre- 

fe e t p e r  year,

Xfi = to ta l  popu lation  o f Oklahoma (mid-year estim ates) 

fo r  year i  in  thousands,

.X_̂  = n o n -ag ricu ltu ra l employment of Oklahoma (annual

average) fo r  year i  in  thousands.
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= to ta l  g ro s s -s ta te  product o f Oklahoma fo r year i  

in  m illions o f cu rren t d o lla rs ,

= mean annual p re c ip ita tio n  of Oklahoma fo r year 

i  in  inches.

Total population o f  Oklahoma seems to  be the fac to r  w ith the high­

e s t influence on municipal and domestic water use in  the S ta te . The 

simple co rre la tio n  c o e ff ic ie n t (r) between to ta l  population and munici­

pal and domestic water use is  equal to 0.9964. The simple co rre la tio n  

co e ffic ien t between n o n -ag ricu ltu ra l employment v a riab le  and municipal 

and domestic water use i s  also  high with a  value equals 0.9934 while 

i t  i s  equal to  0.9743 between g ro ss-s ta te  product variab le  and the

dependent v a ria b le . The simple co rre la tio n  c o e ff ic ie n t between X and
6

i s  low with a value equals 0.2298. The simple co rre la tio n  co effic ien t 

between per c ap ita  income and municipal and domestic water use has a 

high value equals 0.9810, however, per cap ita  income variab le  was found 

to  be in s ig n if ic a n t based on the analysis of variance-(ANOVA] or the 

sequential F - te s t .  All the independent v a riab les  included in  the de­

veloped model pass the seq u en tia l F -te s t since F -ca lcu la ted  is  more than 

F-tabulated  a t  both 5% and 1% sig n ificance  le v e ls . The c o e ff ic ien t of 

determ ination is  very s a tis fa c to ry  with a considerably high value 

equals 0.9963. All the "signs o f  the regression  c o e ff ic ie n ts  are co rrect.

The S ta te 's  municipal and domestic w ater demand model expressed by 

equation (4.3) w ill be used in Chapter V to  fo recas t the fu tu re  munici­

pal and domestic water requirem ents fo r Oklahoma up to  the year 2040.
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Step 1

Step 2

Table 5

The Final Municipal § Domestic Demand Model 

S ta t is t ic a l  Indices*

^M = 10.354 +

9
R“ = 0.9929

SEE = 1.6234

F = 1253.655c

= 5.12 • 

= 10.56

a t  5% level 

a t  1-5 level

^M = 107.243 + 0.12 X, T 0.073 X. 1 0

9
R- = 0.9949

SEE = 1.4538

Fc = 783.167

= 4.46 a t  5% level

= 8.65 a t  1% level

* = co e ffic ien t of m ultiple determination.
SEE = standard e rro r of estim ate of 

F. = F -ra tio  or F-calculated.
F  ̂ = F -tabulated .
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T able 5 - Continued

Y = 63.916 + 0. 134 X + 0.096 X_ - 0.001 X, M i 0

R" = 0.9960 

SEE = 1.5781

F = 531.66 c

-  4.35 a t 3% level

= 8.45 a t l°i level

Y„ = 35.147 + 0.1344 X, + 0.1145 X. - 0.0015 X, - 0.0668 X. M 1 o 4 o

r’ = 0.9963

SEE = 1.4252

F = 408.058 c
F  ̂ = 4.55 a t 5% level

= 9.15 a t 1% level
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The S ta te 's  Per Capita Municipal and Domestic 

Water Demand Model 

There were several attempts made in  order to  develop the S ta te 's  

per c ap ita  municipal and domestic water use model. F ir s t  o f a l l ,  the 

same s ix  independent v ariab les  t r i e d  in the process of developing the 

S ta te 's  municipal and domestic water demand model were considered with 

rep lacing  the to t a l  municipal and domestic water use v a ria b le  by 

the per cap ita  municipal and domestic water use variab le  (Y^g). 

Estim ates fo r the  per c ap ita  use variab le  from 1950 to  1976 were used. 

These estim ates were developed by the Bureau o f  Water and Environmental 

Resources Research a t the U niversity  of Oklahoma (36) and they are 

presented in  Appendix B (see Table B-6). H is to ric a l data on the s ix  

independent v a ria b le s  was co llec ted  from the same sources in d ica ted  

before and from the year 1950 through 1976. The best model developed 

at th is  stage o f  the  study is  the one considering the th ree  independent 

v a ria b les ; to t a l  population (X^), per cap ita  income (X^) and to ta l  

n o n -ag ricu ltu ra l employment (X.) w ith the per cap ita  municipal and 

domestic water use (Yp^). The model developed can be given as:

Yp  ̂ = -92.71 + 0.0322 X̂  - 0.0181 X, + 0.2740 X _ .........................(4.4)

= 0.9413

SEE = 5.2319

F = 122.970 c

= 3.03 a t 5% lev e l

= 4 . 7 6  a t  1% le v e l
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From th e  s t a t i s t i c a l  point o f view, the model seems to  be very
?

sa tis fa c to ry  with a considerably high value o f R“ and the sequential 

F -te s t eva lua tion . However, the model expressed by equation (4.4) 

w ill give very high values fo r the per cap ita  municipal and domestic 

water use fo r  the S tate  o f  Oklahoma. For in s tan ce , i f  we apply th is  

model and by using the  fo recas ts  o f population, per cap ita  income and 

n o n -ag ricu ltu ra l employment (these independent v a riab les  fo recasts  are 

included in Chapter V), we obtain a per cap ita  municipal and domestic 

water use equals 168 gpcd, 241 gpcd and 424 gpcd fo r the years 1980, 

2000 and 2040, re sp ec tiv e ly . Therefore, another attem pt had to  be 

t r ie d  in  order to  develop a model which can provide more reasonable 

re su lts .

The second attem pt was to  t ry  to reduce the  number o f explanatory 

variab les in  the equation. .Another model was developed by considering 

the to ta l  population as the only independent v a riab le  in  the equation 

with the per cap ita  municipal and domestic w ater use v a ria b le . Again, 

the same estim ates fo r  Yp^ were used from the year 1950-1976. The 

developed model can be expressed by the following equation:

Yp_ = -136.766 + 0.1061  (4.5)

r  = 0.874

SEE = 7.545

F = 175.825c

F  ̂ = 4.24 a t 5% level

= 7 .7 7  a t  5% le v e l
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Again, the model given by equation (4.5) i s  a good model from the 

s t a t i s t i c a l  po in t o f view. But the over-estim ation problem fo r the per 

cap ita  municipal and domestic water use s t i l l  e x is ts .  For example, 

using the  fo recas ts  o f population developed by the Oklahoma Employment 

Security  Commission (OESC), which are presented in  Chapter V, we obtain 

a per cap ita  ra te  equals 180 gpcd, 264 and 590 gpcd fo r the years 1980, 

2000 and 2040, re sp ec tiv e ly .

There were many o ther t r i a l s  to  reach the optimum model which 

provides us with the  best possib le  re su lts  concerning both s ta t i s t i c a l  

evaluation and fo recas ts  fo r  future per cap ita  municipal and domestic 

water use fo r Oklahoma. The f in a l model was reached by regressing  per 

cap ita  income and to ta l  population of the S tate against the per capita 

municipal and domestic water use. But actual values on the per capita 

water use were used in stead  of the estim ates t r ie d  in  the previous two 

attem pts. H is to r ia l data  on the two independent variab les  and the depen­

dent one from the year 1920 to  the year 1970 was co llec ted  from the 

Bureau o f Water and Environmental Resource Research (6) and the Bureau 

of Business (55) a t  Oklahoma U niversity. This data is  included in 

.Appendix B in  Table B-7.

The f in a l model fo r the  S ta te 's  per cap ita  municipal and domestic 

water usage ra te  i s  given by the following equation:

Yp = 45 .5 2 6 0  + 0 .0 1 4 3  X . + 0 .0101  X .  (4 .6)

where: Y = per ca p ita  municipal and domestic water usage ra te
i

fo r  Oklahoma for year i  in  gpcd.
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= to ta l  population o f  Oklahoma (mid-year estim ates) fo r 

year i  in  thousands,

= nominal per c a p ita  income o f Oklahoma fo r  year i  in  

curren t d o lla rs .

From Table 6, i t  is  very c le a r  th a t the model has a good value fo r 

the c o e ff ic ie n t of m ultiple determ ination and both p e r cap ita  income and 

to ta l  population  variab les  pass the sequen tial F - te s t .  The simple cor­

re la tio n  c o e ff ic ie n t between to ta l  population and per cap ita  water usage 

ra te  is  0.9699 and equals 0.6857 fo r  per capita  income and the depend­

ent v a r ia b le .

There are a v a r ie ty  of reasons fo r expecting per cap ita  income to 

be c lo se ly  re la te d  to  per cap ita  water use. As income r is e s ,  more water- 

using app liances, such as dishwashers and garbage disposal u n its , may be 

in s ta l le d .  Moreover, there  w ill be more d iscre tio n ary  income availab le  

to  be devoted to  lawns, shrubs, and tre e s  and to the purchase o f lo ts  

with room fo r  land scaping. Also, high-income areas may give r is e  to  

more commercial a c t iv i t ie s  as to ta l  consumer expenditure increases. 

Therefore, i t  i s  not su rp ris in g  th a t  per cap ita  income was found to  be 

one o f the major input fac to rs  in  the S ta te 's  per cap ita  municipal and 

domestic w ater use model.

The model expressed by equation (4.6) w ill be used in  Chapter V to  

fo recast th e  fu tu re  per cap ita  municipal and domestic water usage ra te  

fo r the S ta te  o f Oklahoma.

The S ta te 's  In d u s tr ia l Water Demand Model
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Step 1

Step 2

Table 6

The Final Per Capita Municipal and Domestic 

Demand Model S ta t is t ic a l  Indices

= 76.618 + 0.011

R" = 0.9407

SEE = 5.6432

F = 63.506 c
= '7 .71 a t 5% level

= 21.20 a t 1% level

^PC ■ 45.3260

R“ = 0.9643

SEE = 3.2634

F = c 40.568

F. = 9.55

30.81

at 5% level 

a t 1% level
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In order to develop the S ta te 's  in d u s tr ia l water demand model, 

h is to r ic a l data on both in d u s tr ia l water use (the dependent v a r ia b le ) , 

socio-economic, in d u s tr ia l production and clim atological independent v a r­

iab les  were co llec ted  from the year 1966 through the year 1976. The 

to ta l  number of independent variab les  t r i e d  in the process o f developing 

the S ta te 's  in d u s tr ia l water demand model was twelve v a ria b le s . The 

dependent and independent variab les with th e ir  associated  sources of 

inform ation can be l i s te d  as follows:

Yj = to ta l  in d u s tr ia l water use of Oklahoma in  thousands of 

ac re -fee t p e r year. The in d u s tr ia l  water use i s  the 

sum of ground and stream w ater used by a l l  kinds of 

in d u strie s  in  Oklahoma. Data was b as ica lly  co llec ted  

from the (OWRB) rep o rts  (46) and then adjusted based on 

1966 and 1975 values.

= to ta l  population o f Oklahoma in  thousands.

= nominal per c a p ita  income o f  Oklahoma in current d o lla rs .

X, = non -ag ricu ltu ra l employment o f Oklahoma in  thousands.

X̂  = to ta l  g ro ss-s ta te  product o f  Oklahoma in m illions of 

current d o lla rs .

X. = mean annual tem perature of Oklahoma in F°.

.Xg = mean annual p re c ip ita tio n  o f Oklahoma in  inches. Both 

mean annual tem perature and p re c ip ita tio n  were determined 

as explained p rev iously  in  the municipal and domestic 

water demand model development.

Xy = crude o il  production o f  Oklahoma in  m illions of b a rre ls .
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Xg = n a tu ra l gas production o f Oklahoma in b il l io n s  of cubic 

fe e t .

Xg = bituminous coal and lig n ite  production o f Oklahoma in  

thousands of sh o rt tons. Data on X_, Xg and Xg was 

obtained from the U. S. Bureau of Mines in  Oklahoma 

C ity  (65) and the Center fo r Economic and Management 

Research, College of Business A dm inistration a t Oklahoma 

U niversity  (55).

= to ta l  value added by mineral production of Oklahoma in 

m illions of d o lla rs . Data was obtained from the U. S.

Bureau o f  mines in  Oklahoma City (65) and Oklahoma 

U niversity  (55).

X = to ta l  value added by manufacturai production of
11

Oklahoma in  m illions of d o lla rs . Data was obtained from 

the U. S. Bureau o f Census (64) and Oklahoma U niversity  

(55).

= to ta l  in d u s tr ia l  and commercial e le c tr ic a l  energy 

sa le s  of Oklahoma in m illions of k illo w a tt hours. In fo r­

mation was co llec ted  from the U. S. Department o f Com­

merce (64), Edison E le c tr ic  In s ti tu te  (65) and Oklahoma 

U niversity  (55).

The f in a l S ta te 's  in d u s tr ia l  water demand model developed in  th is  

study is  given by the  follow ing equation:

Y,. = -2177.718 + 0.7626 X,. + 0.6555 X_. + 0.652 X,.
I i  l i  01 6 i

+ 0 . 0 2 8  Xg. (4 .7 )



101

where :

= to ta l  in d u s tr ia l w ater requirements fo r Oklahoma for 

year i  in  thousands o f  a c re -fe e t per year,

= as defined before in  the municipal model given by 

equation (4 .5 ),

= as defined before in  equation (4 .5 ),

Xĝ  = as defined before in  equation (4 .5 ),

Xgi = to ta l  bituminous coal and l iq n ite  production of 

Oklahoma fo r year i  in  thousands o f short tons.

Consulting with ta b le  6, i t  i s  obvious th a t the developed model has

a very high c o e ff ic ie n t of m ultiple determ ination and a l l  the s ig n if ic a n t 

independent v a riab les  included in  the model pass the sequential F - te s t.

The simple c o rre la tio n  co e ffic ien t o f X ,̂ X^, X̂  and Xg with Yj are

0.9964, 0.9926, 0.2298 and 0.9068, re sp ec tiv e ly . Per cap ita  income, 

to ta l  g ro s s -s ta te  product, mean annual tem perature, crude o il  production, 

n a tu ra l gas production, to ta l  value added by mineral production, to ta l  

value added by manufacturai production and to ta l  in d u s tr ia l and commerical 

e le c tr ic a l  energy sa les  were found to  be in s ig n if ic a n t explanatory 

v ariab les due to  the  analysis of variance. Table 7 is  a summary of the 

f in a l in d u s tr ia l  water demand model development steps and i t  provides 

a l l  the s t a t i s t i c a l  ind ices fo r each s tep .

The developed model given by equation (4.7) w ill be used in  Chapter 

V to  fo recas t th e  in d u s tr ia l water requirem ents fo r the S tate up to the 

fu tu re  year 2040.
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Step 1

Sten 2

Table 7

The Final Industrial Demand Model 

S ta t is t ic a l  Indices

Y, = -3458.035 + 1.486 X,

R“ = 0 .9929

SEE = 13.4222

F = 1252.053 c
F  ̂ = 5.12 at 5% level

= 10.56 at 1% level

Yj =-3159.546 - 1.356 + 0.019 X̂

R“ = 0 .9949

SEE = 12.0900

F = 773.137 
c

F  ̂ = 4.46 at 5% level

= 8.65 at 1-0 level
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Step 4
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T able 7 -  Continued

=-2162.925 + 0.750 + 0.715 X. + 0.024 Xg

R" = 0.9974

SEE = 9.1216

F = 907.854 c
F_ = 4.55 a t 5% level

= 3.45 a t 1-i level

Y, =-2177.713 + 0.7626 X,  ̂ 0.6555 X. + 0.652 .X. + 0.028 X. I 1 j  0 y

R“ = 0.9981

SEE = 8.5792

F = 807.449 c
F  ̂ = 4.55 a t S-s level

= 9.15 a t 1% level
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The S ta te 's  I r r ig a tio n  Water Demand 

Model

Irr ig a tio n  is  considered to  be the most s ig n if ic a n t key issue of 

water resources development on a worldwide sca le  and in  a long-range 

prospective due to  the fa c t  th a t i t  is  one o f the most consumptive water 

use categories . Another reason fo r the importance of ir r ig a tio n  is  th a t 

i t  rep resen ts the basic component o f  a g ric u ltu re  which is  in  tu rn  highly 

re la ted  to  food production and the r is in g  standard of liv ing .

There are a v a r ie ty  o f n a tu ra l,  socio-economic, environmental and 

technological fac to rs  which a f fe c t i r r ig a tio n  water use ra te s . Therefore, 

there  were many o rig in a l v a ria b le s  considered in  the development of the 

S ta te 's  i r r ig a tio n  w ater use model. H is to ric a l data from the year 1966 

through the year 1976 on both the ir r ig a tio n  water use as well as the 

explanatory variab les were co llec ted  and used in  order to reach the  best 

possib le  model. The to ta l  number o f the independent variab les  considered 

was twelve v ariab les . The following l i s t  provides a l l  the variab les used 

to  develop the S ta te 's  i r r ig a t io n  water demand model:

= to ta l  i r r ig a tio n  water use o f Oklahoma in thousand? of 

ac re -fe e t per year. I t  is  the sum of ground and stream 

water used in  i r r ig a t io n  from the year 1966 to  the year 

1976. Data was obtained from the (GIVRB) repo rts  (46).

= as defined before:

= as defined befo re .

X_ = as defined before.
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X = as defined before.4

Xg = as defined before.

X̂  = as defined before.D

= to ta l  acres ir r ig a te d  in Oklahoma in thousands. Data was 

co llec ted  from the (OWRB) rep o rts  (46).

= to ta l  number of farms in Oklahoma in thousands.

X^g = to ta l  land in  farms in  Oklahoma in  thousands of acres.

X^  ̂ = average size  of farms in Oklahoma in acres.

X^^= to ta l  livestock  on farms and ranches in Oklahoma in

thousands. I t  i s  the sum o f a l l  c a t t le  and calves, a l l  

sheep and lambs and a l l  hogs.

X = to ta l  cash rece ip ts  from farm marketing in  Oklahoma inio

m illions of d o lla rs .

X^g = to ta l  number of workers on farms in  Oklahoma in thousands.

Data on the independent v a riab les  X.^, X^g, X^  ̂and X^g was

b as ica lly  obtained from both the  S ta te  Department o f  A griculture and the 

U. S. Department o f A griculture (66). Data on X̂  ̂ and X^g was obtained 

from the S tate and the U. S. Department of A griculture (66) and fu rth e r 

checked with the records availab le  a t the Center fo r  Economic and Manage­

ment Research, College of Business A dm inistration a t  Oklahoma U niversity  

(55).

Based on the re s u lts  given by Table 8, the f in a l  S ta te 's  ir r ig a tio n  

water demand model can be given as follow s:

Y,. = -17509.066 + 0.1095 X.. - 0.9635 X,. + 1.8021 X ...Ai 2i 6 i lo i

+ 0.4506 X ^ g ....................................(4.8)
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where :

^Ai = to ta l  i r r ig a tio n  water requirements fo r Oklahoma 

fo r year i  in  thousands o f ac re -fe e t per year,

= as defined before in  equation (4 .5 ),

= as defined before in  equation (4 .5 ),

Xi5 i  = to ta l  acres ir r ig a te d  in  Oklahoma for year 

i  in  thousands,

X̂ gĵ  = to ta l  land in  farms in  Oklahoma fo r year i  in 

thousands o f acres.

The model expressed by equation (4.8) is  a s a tis fa c to ry  model fo r 

2i t s  high value of R“ and the sequen tia l F - te s t evaluation . The high­

est simple co rre la tio n  c o e ff ic ie n t i s  between the to ta l  acres ir r ig a te d  

variab le  and the ir r ig a tio n  water use with a value equals 0.9004, th a t 

i s ,  acres ir r ig a te d  i s  the fa c to r  w ith the  highest influence on i r ­

rig a tio n  water use in  Oklahoma, which i s  co rrec t. The simple co rre la tion  

co e ff ic ien t of per cap ita  income and land in  farms v ariab les with the 

ir r ig a tio n  water use variab le  are 0.7774 and 0.7609, resp ec tiv e ly . Pre­

c ip ita t io n  has a low simple c o rre la tio n  c o e ff ic ie n t with the dependent 

variab le  (0 .1 ). .411 the signs of reg ression  c o e ff ic ie n ts  are correct

fo r a l l  th e  explanatory v ariab les  included in the developed model.

Based on th e  analy sis  of variance, population was found to be an in s ig ­

n if ic a n t v a riab le  in  the i r r ig a tio n  model although i t  was found to  be 

s ig n if ic a n t in  the S ta te 's  municipal and in d u s tr ia l  models.

The i r r ig a t io n  model given by equation (4.8) w ill be used in  

Chapter V to  fo recast the fu tu re  i r r ig a t io n  water requirements fo r the 

S tate up to  the year 2040.
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Step

Step 2

Table 8

The F inal I r r ig a tio n  Water Demand Model 

S ta t is t ic a l  Indices

Y, = -407.844 + 2.164 X A lo

R" = 0.8108

SEE = 47.8706

' c - 58.565

Ft = 5.12-

= 10.56

at 5-5 level 

at 1% level

Y, = -259.575 + 0.054 X, + 1.656 X,_ A lo

R" = 0.8846

SEE = 59.6501

F = 50.666 c
F. = 4.46 at 5-i level

=8. 65 at 1% level
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Step

Step 4

Table 8 -  Continued

= -15831.461 + 0.102 + 1.795 X̂ _ + 0.411 X^^

R- = 0.9094

SEE = 37.5587

F = 23.423 c
= 4.35 a t 5-5 level

=8 . 45  a t Vi level

Y^ = -17309.066 + 0.1095 X̂  - 0.9635 X̂  + 1.8021 X_ + 0.4506 X^.

R" = 0.9130

SEE = 39.7569

F = 15.740 c

F^ = 4.53

= 9.15 a t 1°5 level
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The S ta te 's  Total Water Demand Model

As defined before in  the beginning o f th is  chapter, the term 

" to ta l"  water use o r requirements includes municipal and domestic, in ­

d u s tr ia l ,  a g r ic u ltu ra l ,  rec rea tio n  and w ild l ife ,  secondary o il  recovery 

and o ther municipal and in d u s tr ia l  uses. The number of independent 

v a riab les  f i r s t  t r i e d  to develop the S ta te 's  to ta l  demand model was four 

v a riab les . These explanatory variab les  are to ta l  population , nom­

in a l per cap ita  income (X^), to ta l  s ta te -g ro ss  product (X^) and a new 

variab le  which i s  to ta l  employment (X^^). Total employment is  the sum 

of n o n -ag ricu ltu ra l (which is  wages and sa la ry  employment] and a g r ic u l­

tu ra l  employment. Data on the four independent variab les  from the year 

1966 to  the year 1976 was co llec ted  as explained before in  the municipal 

model. The to ta l  w ater use data  was co llec ted  from the (OWRB) rep o rts  

(46) and had to  be adjusted .

Total population and to ta l  employment are the two s ig n if ic a n t in ­

put fac to rs  in fluencing  the to ta l  water use in the S ta te . The f in a l 

S ta te 's  to ta l  w ater demand model developed in  th is  study can be given 

by the following equation:

= -6258.047 + 2.856 X^  ̂ + 0.450 X ,^ ^ .......................................(4.9)

where :

= to t a l  water requirements fo r  Oklahoma fo r year i  in  

thousands of a c re -fe e t per year,

Y^  ̂ = as defined before in  equation (4 .3 ),

Y^q  ̂ = to t a l  employment o f Oklahoma fo r year i  in  thousands.
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The model given by equation (4.9) has R" value equals 0.9930 and 

both of the independent v a riab les  pass the sequential F - te s t .  The 

simple co rre la tio n  c o e ff ic ie n t between and i s  0.9962 and equals 

0.9514 between X̂ q and Y^, th a t  i s ,  both o f the independent variab les  

are h ig ly  co rre la ted  with the to ta l  water use v a ria b le .

Now, and a f te r  th e  s t a t i s t i c a l  evaluation has been discussed fo r 

each o f the water demand models developed fo r the S ta te , the  app lications 

of these models using the appropriate fo recasting  methodologies fo r a l l  

the s ig n if ic a n t explanatory variab les  are explained in  the next chapter.



I l l

Stet) 1

Step 2

Table 9

The Final Total Water Demand Model 
S ta t is t ic a l  Indices

= -6471.477 + 3.116 X,

R“ = 0.9924

SEE = 28.8687

F = 1179.695 c

F =5 . 12  a t 5% levelt
= 10.56 a t 1% level

= -6258.047 + 2.856 X̂  -  0.450 X^^

R“ = 0.9950

SEE = 28.950

F = 587.855 c
F  ̂ = 4.46 a t 5% level

= 8.65 a t 1% level



CHAPTER V 

WATER REQUIREMENTS PROJECTIONS

Introduction

The major ob jec tive  of th is  chapter i s  to apply the fiv e  developed 

water demand models discussed in  Chapter IV in order to  ob ta in  water req­

uirements p ro jec tio n s  for the S ta te . Projections fo r a l l  the  s ig n if ic a n t 

explanatory v a riab les  are provided in  th is  chapter as well as the methodol­

ogy involved in  determining each one o f them. Furthermore, comparisons 

of the developed water requirements p ro jec tions with o ther s tu d ies  p ro jec ­

tions are  included in  th is  chapter.

Another aim of th is  chapter is  to  present the methodology used in  order 

to disaggregate the  S ta te 's  w ater requirements p o rjec tions from the S ta te  

to county-level as well as some se lec ted  large c i t ie s  in  Oklahoma. The 

pro jections of municipal and domestic, in d u s tr ia l and i r r ig a t io n  water 

requirements fo r counties and se lec ted  c i t ie s  are included in  .Appendix 

C and Appendix D. This chapter a lso  contains water requirem ents p ro jec­

tions fo r  the S ta te 's  planning reg ions.

The S ta te 's  Municipal and Domestic Water 

Requirements P rojections

112



113

I t  has been discussed in  Chapter IV th a t  the function o f  municipal 

and domestic water requirements of Oklahoma contains four major input 

fa c to rs  which are to ta l  population, n o n -ag ricu ltu ra l employment, gross- 

s ta te  product and mean annual p re c ip ita tio n . This i s  expressed p re ­

v iously  by equation (4 .3 ).

Oklahoma is  experiencing tremendous growth in  popula tion . Population 

growth has varied  over the la s t  century. Between 1890 and 1970, the 

population grew from 258,657 to 2,559,299, an increase o f  more than nine 

tim es. In 1890, only 19.2 percent of the to t a l  population was c la s ­

s i f ie d  as urban (resid ing  in  towns of 2,500 or more). This f ig u re  had 

increased to  37.6 percent by 1940 and in 1970, i t  reached 76 percent 

( 5 6 ,  6 8 ) .

The S ta te 's  population p ro jec tio n s  used to  fo recast municipal and 

domestic w ater requirements fo r Oklahoma are  u t i l iz e d  in Phase I and 

Phase II  o f  the  Oklahoma Comprehensive Water Plan and were developed by 

the  Oklahoma Employment Security  Commission (OESC).

The basic  methodology used in  the (OESC) population p ro jec tio n s  was 

a basic  cohort-surv iva l method. The f in a l  p ro jec tions  were derived to  

th e  year 1990 by combining pro jected  b i r th s ,  surv ival of the base year 

population and m igration of the population. Moreover, the  e f fe c ts  of 

th i s  short-range methodology were ca rried  over in to  the p ro jec tio n s  beyond 

the  year 1990. These p ro jec tions by the (OESC) are s l ig h t ly  h igher than 

th e  Census Bureau's Series "E" p ro jec tions  due to  the d ifferences  in  the 

f i r t i l i t y  and m igration confutations in  th e i r  methodologies (67).

Oklahoma's population p ro jec tio n s  are i l lu s t r a te d  in  Figure 9 and 

th e i r  values are presented in  Talbe 10 and denoted as (X^^). Figure 10
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show urban and ru ra l population p ro jec tions fo r  Oklahoma from 1970 to

2070 which was developed by the (OESC).

Based on the (OESC) population p ro je c tio n s , Oklahoma is  expected 

to  continue i t s  population  growth. The population is  projected  to reach 

over 2.9 m illion  by 1980, more than 3.7 m illion  by 2000 and be in  excess

o f 4.9 m illion  by the year 2040. Most of these  people w ill be concen­

tra te d  in  urban a rea s . Consulting with Figure 10, urban population is  

expected to  rep resen t 0.79 percent of the to ta l  population by 1980 and 

0.32 percent by 2000. By 2070, i t  is  expected th a t  0.91 percent of the 

to ta l  population o f Oklahoma w ill be c la s s if ie d  as urban.

The second s ig n if ic a n t fa c to r  appears in  the  S ta te 's  municipal and 

domestic water demand model is  the n o n -ag ric u ltu ra l enrployment (X.^). 

R eid 's economic model is  used to  obtain  figu res fo r  pro jected  employment 

by industry  as w ell as to ta l  employment p ro jec tio n s  fo r Oklahoma.

R eid 's economic model*, as i l lu s t r a te d  in  Figure 11, is  made up of 

two major sub-models, the population sub-model and the employment sub­

model. The population  sub-model is  based on the cohort-su rv ival tech­

nique. Both the  popula tion  and employment sub-models s ta r t  with the 

nation leve l and d isaggregate to  the region, then to  the next desired 

geographical area (4).

The employment sub-model i s  based on economic indices vs. demographic 

ind ices. I t  supplies the labor force by in d u stry , such as ag ricu ltu re , 

mining, construction , manufacturing, tra n sp o rta tio n , trad e , finance, se r­

v ices, government and to ta l  ençloyment. These labor forces are provided 

a t  the tw o-d ig it Standard In d u stria l C la ss if ic a tio n  Code (SIC) fo r

manufacturers which i s  achieved by using d isaggregation  fac to rs  from 

* See reference (4) fo r  complete descrip tion  o f R eid 's  economic model.
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growth of the Growth National Product (GNP) and the value added by

manufacturing employees. Reid s ta te s  in  h is  rep o rts  (4 , 69) tha t the

outputs of the employment sub-model take the following format for each

o f the required  geographical areas:

(_!) Gross N ational Product (GNP)
(2) GNP/employee
(_5) GNP/manufacturing employee
(£) Manufacturing employee
(£) Value added/manufacturing employee
(Q  Value added/GNP
(%) Labor force by 1 -d ig it SIC
(^) T otal labor force
(£) T otal population (4, p . 55).

Based on R e id 's  economic model p ro je c tio n s , the S ta te 's  non-

a g r ic u ltu ra l employment is  expected to  reach over 1.02 m illion  by 1980

and more than 1.45 m illion  by 2000. In the year 2040, the non-

a g r ic u ltu ra l  employment i s  pro jected  to be in  excess o f 2.42 m illion . 

These p ro jec tio n s  a re  tab u la ted  in  Table 10 and denoted as (X.^^).

The th i rd  key fa c to r  highly influencing the S ta te 's  municipal and 

domestic water requirem ents i s  the g ro s s -s ta te  product fa c to r . The 

g ro s s -s ta te  product has increased tremendously over the la s t  50 years. 

From 1950 to  1960, the  g ro ss-s ta te  product o f  Oklahoma increased from 

2749.5 to 5006.61 m illio n  d o lla rs . By 1970, the g ro s s -s ta te  product 

reached 9094.81 m illio n  d o lla rs  and a value o f 16729.07 m illion  do lla rs  

by 1976. This in d ica te s  an increase of approximately 500 percent from 

1950 to  1976 (55, 61).

Since th e re  a re  no reasonable figu res av a ila b le  fo r  g ro ss-s ta te

product p ro je c tio n s , the s tra ig h t lin e  approach model i s  applied in

order to obta in  the required  p ro jec tio n s . The s tr a ig h t  lin e  approach 

model can be simply expressed by the following re la t io n :
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“t"? '  “t l
^t2 + ......................................................................

where :

= fu tu re  value of ï  variab le  in  year t ,  

t  = ta rg e t year to p ro je c t, 

t^  = the f i r s t  year fo r which actual data on = was a v a ila b le , 

t^  = the la s t  year fo r  which ac tual data on = was av a ila b le , 

re fe red  as base year, 

n = t  - t j .

In o rder to  i l lu s t r a t e  the  procedure o f applying the  s tra ig h t  lin e  

approach model, le t  us suppose th a t our goal i s  to  p ro jec t the s ta te -  

gross product fo r the  ta rge t year 2000. We have a value o f 3699.89 

m illion  d o lla rs  fo r year 1954 and 16729.07 m illion  d o lla rs  fo r  the  base 

year 1976 (see Table B-4 in  Appendix B), as determined by Liew (61), and 

in  th is  case we have t  = 2 000, t^ = 1954, t^  = 1976, n = 24, = 3699,89

and = 16729.07 million d o lla rs . .Applying the  model given by equa­

tio n  (5 .1 ) , we ob ta in  the follow ing:

=2000  = 1* 7 2 9 - 0 ? +  24

= 50942.72 m illion  d o lla rs

Based on th i s  methodology, p ro jec tions o f the s ta te  gross-product 

are computed. They are included in  Table 10 and denoted as (X^^). The 

s ta te -g ro ss  product i s  expected to  expand in  the fu tu re  to  reach 30942.72 

and 54652.14 m illion  dollars by the  years 2000 and 2040, re sp e c tiv e ly .
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The fourth  explanatory variab le found to be re la ted  to the S ta te 's  

municipal and domestic water requirements is  the S ta te 's  mean annual 

p re c ip ita tio n . The p ro jec ted  value used in  forecasting water req u ire ­

ments is  determined by taking the average of the S ta te 's  mean annual 

p re c ip ita tio n  figures from the year 1950 to the year 1976 (see Table 

B-5 in  Appendix B).

Now, and a f te r  the pro jections of a l l  the four s ig n ifican t fac to rs  

have been obtained, the  procedure o f fo recasting  the S ta te 's  municipal 

and domestic water requirements seems to  be simple. I t  is  accomplished 

by in sertin g  these fo recasts  of the p red ic to r factors into equation 

(4 .3 ). This is  explained by Table 10 and the S ta te 's  municipal and dom­

e s t ic  water requirements pro jections are graphically  i l lu s tra te d  in 

Figure 12.

Refering back to  Table 3 in  Chapter I I ,  the S ta te 's  municipal and 

domestic water use was 170 m illion gallons per day in  1930. By 1940, 

th is  figure had dropped to 133 m illion gallons per day due to  the 

drought conditions ex isted  during th is  time. In 1930, the S ta te 's  

municipal and domestic water use increased to 192 m illion gallons per 

day. In 1966, the reported  municipal and domestic water use was 403 

m illion gallons per day and 4SI m illion gallons per day by 1976. This 

ind icates an increase in  the S ta te 's  municipal and domestic water use 

o f approximately 13 percent between 1930 and 1950 and 110 percent be­

tween 1950 and 1966. Between 1966 and 1976, the S ta te 's  municipal and 

domestic water use increased by 12 percent.
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Based on the model developed in  th is  study and i t s  p ro jec tio n s , the 

S ta te 's  municipal and domestic water requirem ents are expected to  ex­

perience a s ig n if ic a n t gain during fu tu re  years. Refering to  Table 10, 

the S ta te  i s  expected to  need 544 thousand a c re -fe e t (486 MGD) by 1980 

and 677 thousand a c re -fe e t (605 MGD) by 2000 fo r  municipal and dom­

e s tic  water requirem ents. These figu res are  expected to  change by the 

year 2040 when the S ta te  w ill need 915 thousand a c re -fe e t (817 MGD) for 

the same usage purpose. In o ther words, the S ta te 's  municipal and dom­

e s t ic  water requirem ents are pro jected  to  be increased  by 68 percent from 

1976 to 2040.

Table 11 provides a comparison between the p ro jec tio n s  developed 

in  th is  study with o ther p ro jec tions av a ilab le  a t  the Oklahoma Water 

Resources Board (67, 68), the Bureau o f Water Resources Research and the 

Bureau o f  Business Research a t Oklahoma U niversity  (6).

Oklahoma must be concerned with an adequate w ater supply system to 

serve the  e n tire  S ta te  and s a t is fy  th is  expected increase  in  municipal 

and domestic water requirem ents.

The S ta te 's  Per Capita Municipal and 

Domestic Water Usage Rate P ro jec tions

There were sev era l models developed to  describe the  per capita 

water usage ra te  function  of Oklahoma. These models are  discussed in  

Chapter IV and two o f them were re je c ted  because o f  the  over-estim ation 

problem in  fo recas tin g  the  fu tu re per c ap ita  usage ra te .



T a b l e  1 0

O k la h o m a  M u n i c i p a l  a n d  D o m e s t i c  W a te r  U e q u i r e m e n t s  P r o j e c t i o n s '

T he  M ode l :  Y^,. = 5 5 . 1 4 7  + 0 . 1 3 4 4  X j .  + 0 . 1 1 4 5  X^ .  -  0 . 0 0 1 5  X j .  -  0 . 0 6 6 8  X^^

Y e a r
" l i

( T h o u s a n d s )
^31

( T h o u s a n d s )

............... Ÿ *  »
4 i

( M i l l i o n  $ )
....... - X c i " '  -

( I n c h e s )
^M i

( 1 0 0 0 ' s  A . 1 / Y e a r )
^M i

(MGD)

1980 2 9 8 9 .9 1 0 2 4 .6 4 1 9 0 9 8 .0 0 3 2 .  74 544 486

1990 3 3 9 8 .7 1 2 2 4 .6 6 2 5 0 2 0 . 3 7 3 2 .  74 612 547

2 0 0 0 3 7 7 2 .8 1 4 3 0 .8 7 3 0 9 4 2 .7 2 3 2 .  74 6 77 6 05

2 0 1 0 4 1 1 0 .1 1 6 3 7 .6 8 3 6 8 6 5 .0 8 3 2 .7 4 738 659

2020 44 2 8 . 7 1 8 6 7 .0 9 4 2 7 8 7 . 4 3 3 2 .  74 798 713

2030 4 7 1 3 . 7 2 1 2 6 .1 6 4 8 7 0 9 . 7 8 3 2 .7 4 857 765

2040 4 9 6 2 . 5 2 4 2 2 . 0 6 5 4 6 3 2 .1 4 32 .  74 915 817

t s jK»

* A l l  t h e  v a r i a b l e s  i n c l u d e d  i n  t h e  m ode l a r e  a s  d e f i n e d  i n  e q u a t i o n  ( 4 . .3 )  i n  C h a p t e r  I V .
* *  l i s t i m a t e d  b y  u s i n g  t h e  s t r a i g h t  l i n e  a p p r o a c h  m o d e l .
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T a b l e  11

C o m p a r is o n  o f  O k la h o m a  M u n i c i p a l  an i l  D o m e s t i c  W a te r  R e i i u l r c m e n t s  P r o j e c t i o n s

(In Tliousands o f  Acre-Poet/Year]

s Y e a r 1980 1990 2000 2010 2020 2030 2040

<11
544

411

612

484

6 77

5 40

738

640

798

701

857

746

915

784

68
M i

4 5 7 .5  

3 8 1 .  3

5 6 2 . 0

1 7 2 .9

6 6 1 .1

5 6 3 . 7

7 8 0 .5

6 8 2 .5

8 8 0 . 3

7 8 8 . 3

1 0 0 5 .0 ---

*  M u n i c i p a l  a n i l  d o m e s t i c  w a t e r  r e q u i r e m e n t s  p r o j e c t i o n s  e s t i m a t e d  b y  t h i s  s t u d y

S o u r c e :  O k la h o m a 's  L o n g -R a n g e  W a te r  R e q u i r e m e n t ^ ,  lJu re a u  o f  W a te r  R e s o u rc e s  R e s e a r c l i ,  and B u re a u  o f  B u s in e s s  R o s e a r c l i ,
O k la i io m n  U n i v e r s i t y ,  J a n u a r y ,  19 6 5 .

6 7  S t a t e w i d e  W a te r  R e s o u rc e  and  R e q u i r e m e n t  I n v e n t o r y , O k la l io m a  W a te r  R e s o u rc e s  B o a r d ,  p r o j e c t  r e p o r t ,  F e b r u a r y  
2 2 ,  19 7 7 .

6 8  O k la h o m a  C o m p r e l i e n s lv c  W a te r  P l a n ,  P r o j e c t e d  W a t e r  R e q u i r e m e n t s ,  O k la l io m a  W a te r  R e s o u rc e s  B o a r d ,  J a n u a r y ,  19 7 3 .

.A.
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The f in a l S ta te 's  per cap ita  municipal and domestic water usage 

ra te  model is  co n tro lled  by two major fac to rs  which are to ta l  population 

of the S ta te  and the per cap ita  income. The population p ro jec tions 

developed by the (OESC) are used to fo recast fu tu re  per cap ita  ra te s  

for Oklahoma. The s tra ig h t lin e  approach model is  applied to obtain 

p ro jec tions fo r the  S ta te 's  per cap ita  income by using the year 1976 

as a base year. R eid 's  economic model provides p ro jec tio n s  fo r the 

S ta te 's  per c a p ita  income but they were re jec ted  because o f  the under­

estim ation disadvantage. For instance, per cap ita  income o f Oklahoma 

is  p ro jec ted  by R eid 's  model to  be 4143 d o lla rs  fo r 1980 while i t  was 

ac tua lly  5259 d o lla rs  in  1975 fo r Oklahoma. Therefore, the s tra ig h t 

line  approach model i s  p refered  to ob ta in  p ro jec tions  fo r per cap ita  

income.

Oklahoma's p e r  cap ita  income has im pressively increased over the 

la s t  30 years. Between 1950 and 1960, the per cap ita  income grew from 

1143 to 1876 d o lla rs ,  an increase o f approximately 64 percent. In 1970, 

the per c ap ita  income was 5387 do lla rs  and 5259 d o lla rs  by 1975 (see 

Table B-2 in  .Appendix B).

Based on the s tra ig h t line  approach model p ro je c tio n s , the S ta te 's  

per cap ita  income is  expected to  reach 6409 d o lla rs  by 1980 and 9920 dol­

la rs  by 2000. By 2040, the per cap ita  income i s  pro jected  to be equal 

to  16941 d o lla rs . These p ro jec tions  are tabu la ted  in  Table 12 and de­

noted as (X^^).

The S ta te 's  p e r  cap ita  municipal and domestic water usage ra te  

was 84 gpcd by 1950 and 110 gpcd by 1960. In 1970, i t  was estim ated 

in  a study conducted by the Oklahoma Water Resources Board and the
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Bureau o f Water Resources a t  Oklahoma U niversity (6) a t  116 gpcd.

With the  expected expansion in  Oklahoma, population growth and per 

cap ita  income, and based on the model developed in  th i s  study, the S ta te 's  

per cap ita  usage ra te  is  expected to  reach 153 gpcd by 1980 and 199 gpcd 

by 2000. By 2020, th is  figu re  i s  pro jected  to  be 244 gpcd and 287 gpcd 

by 2040. This in d ica te s  th a t  between the year 1980 and the year 2040, 

the S ta te 's  per cap ita  municipal and domestic w ater usage ra te  w ill 

grow at a ra te  o f approximately 2.23 gpce per year. That seems to  be 

consisten t w ith th a t study conducted by the Bureau of Water Resources 

Research a t Oklahoma U niversity  (36). In th is  study, i t  was estimated 

th a t the per cap ita  ra te  of Oklahoma w ill reach a value o f 150 gpcd by 

the year 1976 given an ac tu a l value o f 84 gpcd fo r the year 1950, tha t 

i s ,  a ra te  o f growth equals 2.54 gpcd per year.

All the  p ro jec tio n s  of the S ta te 's  per cap ita  m unicipal and dom­

e s t ic  water usage ra te  are presented  in  Table 12 with the p ro jec tions 

o f  both population (X^^) and per cap ita  income (X^^^). Furthermore, 

these p ro jec tio n s  o f the per cap ita  usage ra te  are g raph ica lly  i l lu s tr a te d  

in  Figure 13. A comparison o f  the p ro jec tions of th is  study with other 

s tud ies p ro jec tio n s  fo r the S ta te 's  per cap ita  usage r a te  i s  given in 

Table 13.

Municipal and Domestic Water Requirements 

P ro jec tions fo r  Counties 

The p ro jec tio n s  of the S ta te 's  municipal and domestic water 

requirements are disaggregated from the S tate to  county-level. The 

methodology involved in  th is  disaggregation process i s  to  m ultiply the
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Table 12

Oklahoma Per Capita Municipal and Domestic 

Usage Rates Projections*

(sped)

The Model: Y__, = 4S.3260 + 0.0143 X .̂ + 0.0101 .X,.

Year
^ l i

(Thousands)
%2i'" 

(Current D ollars)
^pci

CSPCîi)

1980 2989.9 6409 133

1990 3398.7 8163 176

2000 3772.8 9920 199

2010 4110.1 11673 222

2020 4428.7 13431 244

2030 4713.7 13186 266

2040 4962.5 16941 287

* All the v ariab les  included in  the model are as defined in  equation (4.6) in 
Chapter IV.

*■* Estimated by using the s t r a ig h t  l in e  approach model.
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T a b l e  1 3

C o m p a r is o n  o f  O k la h o m a  P e r  C a p i t a  M u n i c i p a l  and  D o m e s t i c  W a te r  

U sage  R a te s  P r o j e c t i o n s  

( g p c d )

Y e a r 1980 1990 2000 2010 2020 2030 2040

Y,.C1 153 176 199 222 244 266 287

'. .c . 130 144 155 168 175 --- ---

36
PCi

156 170 190 208 223 --- ---

Y 67'pCi 154 168 179 192 199 207 ----

10

*  P e r  c a p i t a  m u n i c i p a l  a nd  d o m e s t i c  w a t e r  u s a g e  r a t e s  e s t i m a t e d  b y  t h i s  s t u d y .

S o u r c e  : ^ O k la h o m a 's  h o n g -R a n g e  W a te r  R e ( |u i r e n ie n t s , B u re a u  o f  W a te r  R e s o u rc e s  R e s e a r c h ,  a nd  B u re a u  o f  B u s in e s s  R e s e a r c h ,
O k la h o m a  U n i v e r s i t y ,  J a n u a r y ,  19 6 5 .

^ ^ W a t e r :  O k la h o m a 's  No. 1 P r o b l e m , B u re a u  o f  W a te r  R e s o u rc e s  R e s e a r c h ,  O k la h o m a  U n i v e r s i t y ,  a nd  O k la h o m a  W a te r
R e s o u rc e s  B o a r d ,  1956 .

^ ^ S t a t e w i d o  W a te r  R e s o u rc e  and  R e q u i r e m e n t  I n v e n t o r y ,  O k la h o m a  W a t e r  R e s o u rc e s  B o a r d ,  p r o j e c t  r e p o r t ,  F e b r u a r y  
2 2 ,  19 7 7 .
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r a t io  o f each county municipal and domestic water use to  to ta l  S ta te 's  

municipal and domestic water use times the p ro jec ted  S ta te 's  municipal 

and domestic w ater requirements. These counties to  S tate ra tio s  are 

determined by using 1970 figures o f the S ta te  and counties which are 

presented in  the Oklahoma Comprehensive Water Plan a t  the Oklahoma 

Water Resources Board (68). Simply, th is  methodology o f S ta te  to  county 

d isaggregation can be expressed as follows:

" S k
wCij '  (gkT-:i- 'N i ..................................................................

where :

= municipal and domestic w ater requirements fo r county

j in  fu ture year i ,

= municipal and domestic w ater use o f  county j in the

base year 1970,

MS, = municioal and domestic w ater use o f  the S ta te  in k

the base year 1970,

^Mi ~ p ro jec ted  S ta te 's  municipal and domestic water req­

uirem ents in  fu ture year i ,

K = the base year 1970.

Therefore, the method of p ro jec ting  county municipal and domestic 

water requirem ents assumes th a t each county w ill  m aintain i t s  re la tiv e  

proportion o f municipal and domestic water use compared to  the S ta te 's .

Based on th i s  methodology, county municipal and domestic water 

requirem ents p ro jec tio n s  are derived and they  are tab u la ted  in  Table 

C-1 in  Appendix C. From th is  ta b le , we can conclude th a t Oklahoma Coun­

ty  w ill  continue to  dominate the municipal and domestic water requ ire­
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ments in  the S tate  with 22.2 percent of the S ta te 's .  Tulsa County ranks 

2nd with 16.6 percent o f  the S ta te 's  to ta l  municipal and domestic 

water requirem ents. Cleveland, Comanche, Creek, G arfie ld , Kay, Mus­

kogee, Oklahoma, Payne, Pottowatomie, Tulsa and Washington counties 

represent 60.2 percent o f the S ta te 's  municipal and domestic water 

requirements. The geographical locations o f these eleven counties are 

given in  Figure 14.

Oklahoma County is  expected to  need 120.7 thousand ac re -fe e t 

(107.8 MGD] by 1980 and 150.2 thousand acre -fee t [154.2 MGD] by 2000.

In the year 2040, th is  county w ill need 202.9 thousand a c re -fe e t (181.2 

MGD] for municipal and domestic water requirements. Tulsa County is  

expected to  need 90.2 thousand a c re -fe e t (80.6 MGD] by 1980 and 112.2 

thousand ac re -fe e t (109 MGD] by 2000. Between the year 2000 and the 

year 2040, the municipal and domestic water requirements fo r Tulsa 

County are p ro jec ted  to  reach 151.7 thousand a c re -fe e t (135.5 MGD].

Oklahoma, Tulsa, Comanche and Cleveland counties w ill experince most 

of the S ta te 's  municipal and domestic water requirem ents. T heir pro­

jec tions are i l lu s t r a te d  in  Figure 15.

Municipal and Domestic Water Requirements P ro jec tions 

fo r Selected C ities  

The S ta te 's  municipal and domestic water requirem ents p ro jec tions 

obtained in  th is  study are disaggregated to  some se lec ted  c i t i e s  level. 

The disaggregation from the S ta te  to  c ity - le v e l is  accomplished by 

using the 1976 municipal and domestic water use f ig u re s  o f both the 

S tate  and se lec ted  c i t i e s  as a base year. The methodology involved in
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the d isaggregation  procedure i s  the same as explained in  the municipal 

and domestic water requirements disaggregation from the S tate  to  county- 

lev e l. That can be explained by the following equation:

MSC.,

................................................................... (5-3)

where :

MSC.. = municipal and domestic water reouirements fo r se lec-i j

ted  c i ty  j in  fu ture year i ,

MSCj  ̂ = e x is tin g  average flow of c i ty  j  in the base year h,

MŜ  = municipal and domestic water use o f the S tate in the 

base year h,

= p ro jec ted  S ta te 's  municipal and domestic water r e ­

quirements in  fu ture year i ,  

h = th e  base year 1976.

The basic  d a ta  on water supplies fo r  c i t ie s  was obtained from a 

report submitted to  the Office of Economic Research, Economic Develop­

ment .Adm inistration, U. S. Department o f  Commerce by Pulliam [72).

This rep o rt is  an inventory of public water supplies fo r c i t ie s  of 

2000 population and over. A personal v i s i t  was made to  each of the 

S ta te ’s o ff ic e s  responsib le  fo r obtaining water supply inform ation and 

also the federa l EPA data was obtained and u t i l iz e d  where possib le .

The d a ta  in  th is  rep o rt includes name o f c ity  served by the water sup­

p ly  system, name o f the county where the water supply system is  located , 

population served, design capacity , ex is tin g  average flow, per cap ita  

use, percentage o f p lan t capacity  used and storage capacity .
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Based on the methodology involved and the accuracy of the basic  

data used, Oklahoma C ity is  expected to  need the h ighest municipal and 

domestic water requirements among a l l  c i t i e s  in  the S ta te . By the year 

1980, Oklahoma City w ill require approximately 66.7 MGD and 85.03 MGD 

by the year 2000. The municipal and domestic water requirements are 

estim ated a t 112.13 MGD fo r 2040 fo r  th is  c ity .

The municipal and domestic w ater requirements fo r Tulsa City, 

which is  ranked number two, are estim ated a t 59.17 MGD for 1980. This 

f igu re  i s  expected to  increase from 73.66 MGD by the year 2000 to  99.47 

MGD by the year 2040.

Lawton i s  another large c ity  in  Oklahoma with population served in  

1976 equals 74,000. The municipal and domestic water requirements fo r 

th is  c i ty  are expected to  reach 12.05 MGD by 2000 and 16.28 MGD by 2040.

P rojections fo r the la rgest 53 c i t i e s  in  Oklahoma, based on 5000 

population served and over, are provided in  Table D-1 in  Appendix D.

From th is  ta b le , i t  i s  very obvious th a t  Ardmore, Enid, Lawton, Mid­

west C ity , Muskogee, Norman, Oklahoma C ity , S tillw a te r  and Tulsa are 

the c i t i e s  th a t w ill experience and dominate most of the S ta te 's  municipal 

and domestic water requirements in  the fu tu re .

The S ta te 's  In d u s tr ia l Water Requirements Pro jections

I t  has been discussed previously  in  Chapter IV th a t  to ta l  population, 

n o n -ag ricu ltu ra l employment, coal production and mean annual p rec ip ita tio n  

are the major fac to rs  th a t explain the S ta te 's  in d u s tr ia l water use func­

t io n . Coal production o f the S ta te  is  the new v a riab le  here to be 

reviewed.
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S ta t i s t i c s  from the U. S. Bureau o f Mines (63) show th a t the 

S ta te 's  coal production has been f lu c tu a tin g  over the l a s t  30 years. 

Between 1950 and 1960, coal production of Oklahoma decreased from 2679 

to  1342 thousand short tons and then increased to  2427 thousand short 

tons by 1970. In 1976, the S ta te 's  coal production was estim ated a t 

2900 thousand short tons.

P ro jections of the S ta te 's  coal production are  determined by using 

the s tra ig h t  lin e  approach model. Based on th is  approach, Oklahoma is  

expected to  produce 2934 thousand short tons by 1980 and 3104 thousand 

short tons by 2000. In the year 2040, the coal production i s  p ro jec ted  

to reach approxim ately 3444 thousand short tons. These p ro jec tio n s  are 

included in  Table 14 and denoted as (Xg^).

Oklahoma is  experiencing tremendous growth in  in d u s tr ia l  water use. 

S ta t is t ic s  from the Bureau of Water Resources Research a t Oklahoma 

U niversity  and the Oklahoma Water Resources Board (36) show th a t b e t­

ween 1930 and 1955, the S ta te 's  in d u s tr ia l water use increased from 

25.8 to  52 m illio n  gallons per day. Records o f the  Oklahoma Water 

Resources Board (46) ind ica te  th a t the in d u s tr ia l water use in  Okla­

homa was approximately 160 m illion  gallons per day in  the year 1966.

This i s  considered to  be a sharp increase from 1955 to  1966 which 

represen ts about 208 percent increase between the two years. The 

reported  w ater use was 526 m illion gallons per day fo r the year 1975.

Oklahoma i s  expected to  have a g reat expansion in  in d u s tr ia l  

development. There were 2911 in d u s trie s  in  1972. The S ta te  ranks 33rd 

among a l l  s ta te s  in  industry  (8). With the population growth o f the 

S ta te , in d u s tr ia l  development, continuing development o f petro-chem icals.
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technology expansion and based on the in d u s tr ia l water demand model 

developed in  th is  study, the S ta te 's  in d u s tr ia l water requirements 

pro jections ind icate  a very impressive ra te  of increase in in d u s tr ia l 

water needs in  the fu tu re . Refering to  Table 14, the S ta te  is  expected 

to  need 875 thousand acre -fee t (782 MGD) fay 1980 and 1742 thousand 

ac re -fee t (1556 MGD] by 2000.

By the year 2040, Oklahoma is  expected to require 3307 thousand acre- 

fee t (3954 MGD) for in d u s tr ia l use. This indicates a ra te  of increase 

equals 40.53 thousand ac re -fee t per year (36.2 MGD per year] from the 

year 1980 to the year 2040 which is  considered to be a very rapid  ra te . 

Figure 16 i l lu s t r a te s  the  future trends o f the S ta te 's  in d u s tr ia l water 

requirements expansion.

In d u s tria l Water Requirements Projections 

fo r Counties

The disaggregation o f the in d u stria l water requirements p ro jec tions 

from the S tate to  county-level is  accomplished by following the same 

methodology involved in the disaggregation of the municipal and dom­

e s tic  water requirements p ro jec tions. The 1970 in d u s tr ia l water use 

figu res of both the S tate  and counties were obtained from the Oklahoma 

Comprehensive Water Plan at the Oklahoma 'Water Resources Board (68].

The disaggreation  method can be explained fay the following re la tio n :

• h i .................................................................



Tal)lo 14

Okliilionm liuhiBtriul Water Ueqiii renient.s Projec t ions *

•Iho M o d e l : Y , .  = - 2 1 7 7 . 7 1 8  f  0 . 7 6 2 6  X,. *  0 . 6 f . 3 3  X .̂ + 0 .6 ,62  t  0 . 0 2 8  X,,,

Yea r
^11

( T h o u s a n d s )
*31

( T h o u s a n d s )
*61  

( I n c h e s )
* 9 i

( lO O O 's  S h o r t

lOSO 2 9 8 9 . 9 1 0 2 4 .6 4 3 2 .  74 2934

1990 3 3 9 8 . 7 1 2 2 4 .6 6 3 2 .7 4 3 019

2000 3 7 7 2 . 8 Id  3 0 . 8 7 3 2 .  74 3104

2010 4 1 1 0 .1 1 6 3 7 .7 8 3 2 .  74 3189

2 0 2 0 1 4 2 8 .7 186 7 . 0 9 3 2 .  74 3274

2030 4 7 1 3 . 7 2 1 2 6 . 1 6 3 2 .7 4 3359

2 0 4 0 4 9 6 2 . 5 2 1 2 2 . 0 6 3 2 .7 4 3444

^11 ^11
( lO O O 's  A . P / V o a r )  (MGO)

875 782

1320 1 1 79

1742 1556

2137 1909

2532 2261

292 1 2609

3307 2954

Ol
00

*  A l l  t h e  v a r i a b l e s  i n c l u d e d  i n  t h e  m o i le l  a r e  as  d e f i n e d  i n  e q u a t i o n  ( 1 . 7 )  i n  C l i a p t e r  I V .
* *  U s t i i n a t e d  h y  u s i n g  t h e  s t r a i g l i t  l i n e  a p p r o a c h  m o d e l .
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where :

IC^j = in d u s tr ia l  water requirements for county j in  

fu tu re  year i ,

= in d u s tr ia l  water use of county j in  the base year 1970, 

IS^ = in d u s tr ia l  water use of the State in  the base year 

1970,

= p ro jec ted  S ta te 's  in d u s tr ia l water requirements in 

fu tu re  year i ,  

k = the base year 1970.

Pro jections fo r  a l l  the 77 counties in  Oklahoma fo r  in d u s tr ia l 

water requirements are tabu la ted  in  Appendix C in  Table C-2.

Tulsa County is  expected to  continue to  dominate the in d u s tr ia l 

water needs in  Oklahoma. In 1980, th i s  county w ill need 171.7 thousand 

a c re -fe e t (153.4 MGD) to  s a t is fy  i t s  needs for in d u s tr ia l water uses. 

This figure is  expected to  reach 542 thousand a c re -fe e t (505.5 MGD) by 

2000 and 649.1 thousand ac re -fe e t (597.7 MGD) by the year 2040. Tulsa 

County represents approximately 19.6 percent of the S ta te 's  to ta l  in ­

d u s tr ia l water requirem ents.

Oklahoma County i s  ranked number two in  the in d u s tr ia l water req­

uirements in  the S ta te . I t  rep resen ts  17.6 percent of the S ta te 's  to ta l  

in d u s tr ia l water needs. Oklahoma County is  pro jected  to  requ ire  154.1 

thousand a c re -fe e t (155.2 MGD) by 1980 and 506.7 thousand ac re -fe e t 

(275.9 MGD) by 2000. By the year 2040, th is  county w ill need 582.5 

thousand a c re -fe e t (520.1 MGD) fo r  in d u s tr ia l  water uses.

Comanche County ranks 3rd in  the in d u s tr ia l water requirements with 

4.42 percent of the  S ta te 's .  Comanche County in d u s tr ia l  water needs are
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p ro jec ted  to  be 77 thousand ac re -fe e t (68.8 MGD) by 2000 and 146.2 

thousand ac re -fe e t (130.6 MGD) by 2040.

C arter, Comanche, G arfie ld , Oklahoma, Payne, Pontotoc and Tulsa 

counties represen t the la rg e s t seven in d u s tr ia l  water usage counties 

in  Oklahoma. They a lto g e th e r represen t 53.7 percent o f the S ta te 's  in ­

d u s tr ia l  water uses. Figure 17 shows the geographical locations of 

these  seven counties. Figure 18 shows the fu tu re  expansion in  in d u s tr ia l 

w ater requirements fo r Tulsa, Oklahoma, Comanche and G arfield  counties.

The S ta te ’s I r r ig a tio n  Mater Requirements 

P ro jections

Oklahoma's in d u s tr ia l  economy is  dependent on ag ric u ltu re . There 

are  many segments o f  the S ta te 's  economy th a t  co n s titu te  a m u lti-b illio n  

d o lla r  con tribu tion  to  the to ta l  economy o f the S ta te , such as food 

and a l l ie d  products, a g r ic u ltu ra l sup p lie s , m a te ria ls , equipment and 

se rv ic e s , tran sp o rta tio n  and marketing. A ll o f these segments are a g r i­

c u l tu ra l ly  o rien ted .

As mentioned before in  Chapter I I ,  i r r ig a t io n  is  considered to be 

the most s ig n if ic a n t key issue  o f water resources development on a 

world-wide scale and in  a long-range p rospective .

Based on the  i r r ig a t io n  model developed fo r  the S tate  and expressed 

by equation (4 .8 ) , Oklahoma's i r r ig a t io n  w ater use is  b a s ic a lly  depend­

en t on four fac to rs  which are per cap ita  income, acres i r r ig a te d , land 

in  farms and mean annual p re c ip ita tio n . .Acres ir r ig a te d  in  Oklahoma 

have the highest influence on i r r ig a t io n  water use.
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Oklahoma's to ta l  land area i s  45,819,111 acres. Records of the 

Oklahoma Water Resources Board (8) show th a t o f  th is  to ta l ,  12,992,641 

acres are in  cropland, 18,953,655 acres are in ranches and pastu reland , 

8,580,907 acres are  in  fo res tlan d  and the remainder i s  not a g r ic u ltu ra l 

use. The number o f ir r ig a te d  acres in  Oklahoma has increased rap id ly  

in  the l a s t  50 years . Records o f the Bureau o f  Water Resources Research 

a t  Oklahoma U niversity  (56) in d ica te  th a t  in 1940, the ir r ig a te d  acres 

were 5,000 and reached 90,000 by the year 1950. In 1956, the same source 

o f  inform ation shows th a t  the ir r ig a te d  acres in Oklahoma were 284,000. 

According to  1967 reported  water use (46), the number of ir r ig a te d  

acres was 508,220 while i t  was 558,805 acres, reported  by Oklahoma 

S tate  Extension Serv ice . In 1975, the irr ig a te d  acres were 941,214, 

reported  by the f i r s t  source o f inform ation, and 551,275 acres, ac­

cording to  the second source.

The S ta te 's  i r r ig a t io n  w ater use has sharply increased. Between 

1940 and 1950, the i r r ig a t io n  water use grew from 1 MGD to  5 MGD. By 

the year 1956, the i r r ig a t io n  water use had reached 254 MGD. The reported 

water use fo r i r r ig a t io n  was 455 MGD in  1966, 692 MGD in 1975 and 829 

MGD in  1976.

Pro jections o f ir r ig a te d  acres in  Oklahoma obtained from the Okla­

homa Comprehensive Water Plan (68) are presented in  Table 15 and de­

noted as (X^_^). P ro jections o f both per capita income (X,^) and land 

in  farms are determined by using the s tra ig h t lin e  approach model

and are included in  the same ta b le .



T a b l e  15

O k la l iun ia  I r r i g a t i o n  W a te r  l l c i i i i i r c i i i e n t s  I’ r o j e c t i o n s *

The M ode l : Y .  . = - 1 7 3 0 9 . 0 6 6  + 0 ,1 0 9 5  X_.  -  0 .9 6 3 5  . + 1 .8 02 1  X , ... + 0 . 4 5 0 6  X , ^ .
A i  2 1  6 1 l . i l  151

Y e a r

X * f

( C u r r e n t  D o l l a r s )
6i

( I n c h e s )
13 i

( lO O O 's  A c r e s )

V *  *
151

( lO O O ’ s A c r e s ) ( lO O O 's  A. IV  Y e a r )  (MCI))

1980 6109 32 . 7-1 7 9 5 .6 0 36600 - 1287 1 1-19

1990 8165 32.7-1 9 7 6 .6 0 36100 1580 1411

2000 9920 3 2 .  7-1 1 1 5 5 .6 0 35600 1869 1669

2010 11675 32 . 7-1 1 4 5 6 .9 0 35100 2379 2125

2020 13-131 3 2 .7 4 1 7 5 8 .2 0 34600 2889 2580

2030 1 5 186 3 2 .  74 2 0 0 1 . 5 6 * * 34 1 00 3295 294 3

2010 169-11 32 . 74 2 2 4 -1 .9 1 * * 33600 3700 3305

* A l l  t h e  v a r i i  
* *  l i s t ! m a t e d  b y

i i b l e s  i n c l u d e d  i n  t h e  m ode l a r e  as d e f i n e d  
u s i n g  t l i e  s t r a i g h t  l i n e  a p p i 'o a c h  m o d e l .

i n  e i p i a t i o n  ( 4 . 8 ) i n  C h a p t e r  IV .
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Based on the developed model fo r the S ta te 's  i r r ig a tio n  water req- 

uriem ents, Oklahoma is  expected to  need 1287 thousand a c re -fe e t (1149 

MGD) by the year 1980 and 1869 thousand a c re -fe e t (1669 MGD) by 2000.

In the year 2040, i r r ig a tio n  water requirements fo r Oklahoma are pro­

jec ted  to  reach 3700 thousand ac re -fe e t (3305 MGD). This im plies a ra te  

of growth in  the S ta te 's  i r r ig a tio n  water requirements between 1980 and 

2040 of approximately 40 thousand ac re -fe e t per year (36 MGD per y e a r) .

These i r r ig a tio n  water requirements p ro jec tio n s  are i l lu s t r a te d  in 

Figure 19. Table 16 contains a comparison between the p ro jec tio n s  derived 

in  th is  study and the Oklahoma Water Resources Board p ro jec tio n s  (67) 

estab lished  by the planning d iv ision .

I r r ig a t io n  Water Requirements P ro jections 

fo r Counties

The disaggregation o f the S ta te 's  i r r ig a t io n  water requirements 

p ro jec tions to  county-level i s  achieved by applying the same methodol­

ogy explained in  the municipal and domestic, and the in d u s tr ia l  water 

requirements p ro jec tions  disaggregation. Again, the 1970 ir r ig a t io n  

water use figu res o f the S ta te  and counties were obtained from the 

Oklahoma Comprehensive Water Plan a t the Oklahoma Water Resources Board 

(68). The process of d isaggration  can be explained by the following 

equation:

- ^ i j  = - ̂ A i ...............................................................................( - 5 )
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T ab le  16

Compui i ü ü n  o f  O k lahom a  I r r i g a t i o n  W a te r  K e q i i i r e i n c n t s  I’ r o j e c t i o n s  

( I n  T l io i ia a iu ls  o f  A c re  -1 e e t / Y e a r )

Y e a rs i<J80 1 !)*)0 20(10 2010 2020 2030 2040

<1 1287 1S80 1860 2370 2880 3205 3700

\ i '
1 l i t 1700 1836 I 80-1 10.32 1012 1841

\ i "
1 7 1 2 .3 20 .17 .7 2 3 7 2 .7 2 0 0 1 .0 3 3 0 4 .0 3 8 6 7 .0 -----

I r r i g a t i o n  w a t e r  r e q i i i  r o m e n ts  p r o j e c t i o n s  e s t i i n a t e d  by  t h i s  s t i u l y . -IS
CO

S o u r c e ;  boV c labon ia 's  l.o ii g - l l a i i g e  W a te r  l ( e i | i i i  r e m e i i t s , b u re a u  o f  W a te r  U e s o u rc e s  l l e s e a r c i i ,  and b u re a u  o f  b u s in e s s  R e s e a rc h ,  
O k lahom a  I h û v e r s i t y .  J a n u a r y ,  1!)65.

^ ^ S t a t e w i d o  W a te r  R e s o u rc e  a nd  R e ip i i  re n ie n t  I n v e n t o r y ,  Ok I alioiiia W a te r  R e s o u rc e s  b o a r d , p r o j e c t  r e p o r t , r e b i u a i y  
2 2 ,  1977,
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where :

= i r r ig a t io n  water requirements fo r county j in  future 

year i ,

= i r r ig a t io n  w ater use o f county j in  the base year 1970, 

AS  ̂ = i r r ig a t io n  water use o f the S tate  in  the base year 1970,

= p ro jec ted  S ta te 's  i r r ig a tio n  water requirem ents in 

fu tu re  year i ,  

k = the base year 1970.

Texas County rep resen ts  the la rg est ir r ig a tio n  water use county in  

Oklahoma with approximately 54 percent of the S ta te 's .  The number of 

ir r ig a te d  acres in  Texas County was 154,851 in  1970 with an associated 

i r r ig a tio n  water use equals 265.4 thousand a c re -fe e t (255.26 MGD). 

According to  the Oklahoma Water Resources Board p ro jec tio n s  (68), th is  

number of i r r ig a te d  acres is  expected to  reach 214,800 by 1980, 276,500 by 

2000 and 502,800 acres by the year 2070. With th is  expected growth in  

ir r ig a te d  acres in  th i s  county and based on the methodology involved in  

i r r ig a tio n  water requirem ents disaggregation, Texas County w ill continue 

to  dominate the expansion in ir r ig a tio n  water use in  the S ta te . In 1980, 

i r r ig a tio n  water needs a re  p ro jec ted  to  be 457.9 thousand a c re -fe e t (591 

MGD) and 656 thousand a c re -fe e t (568 MGD) by 2000. In 2040, Texas County 

w ill requ ire  1259.1 thousand acre -fee t (1124.6 MGD) fo r  i r r ig a t io n  use.

Cimarron County i s  ranked number two in Oklahoma in  i r r ig a t io n  water 

use with 12.5 percent o f the S ta te 's .  Ir r ig a te d  acres are p ro jec ted  to  

be 126,100 and 171,400 by 1980 and 2000, resp ec tiv e ly . On the  other 

hand, i r r ig a t io n  w ater requirem ents are expected to  reach 158.4 thousand 

a c re -fe e t (141.5 MGD) by 1980 and 250 thousand ac re -fe e t (205.4 MGD) by
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2000. Cimarron County w ill need 445.3 thousand a c re -fe e t (397.7 .MGD) 

by the  year 2040.

Caddo County, which is  ranked number th ree  in  ir r ig a tio n  water use, 

i s  expected to  need 166.6 thousand ac re -fee t (148.8 MGD) by 2000 and

329.8 thousand a c re -fe e t (294.6 MGD) by the year 2040. For Jackson 

County, which i s  ranked number four, i t  is  p ro jec ted  th a t th is  county 

w ill need an amount of 137.9 thousand a c re -fe e t (123.2 MGD) by the 

year 2000 and 273 thousand ac re -fe e t (243.9 MGD) by 2040.

Beaver, Caddo, Cimarron, Harmon, Jackson, Major, Texas, Tillman 

and Washita counties are the la rg e s t nine counties in  ir r ig a tio n  w ater 

requirem ents in  Oklahoma, they a ltogether rep resen t 77.1 percent o f the 

S ta te 's .  Figure 20 shows the geographical loca tions of these counties. 

Table C-3 in  .Appendix C contains p ro jec tio n s  o f i r r ig a tio n  water req u ire ­

ments by county. Moreover, Figure 21 is  an i l lu s t r a t io n  of fu tu re  i r ­

r ig a tio n  w ater requirem ents fo r Texas, Cimarron, Caddo and Jackson 

counties.

The S ta te 's  Total Water Requirements P ro jections 

The two s ig n if ic a n t independent variab les in  the  S ta te 's  to ta l  

w ater demand model are to ta l  population and to ta l  employment. The 

population p ro jec tio n s  developed by the Oklahoma Employment Security  

Commission are used to fo recast to ta l  water requirements fo r Oklahoma. 

R eid 's  economic model i s  used to  obta in  p ro jec tio n s  fo r the S ta te 's  

to t a l  employment. These p ro jec tions  are presented in  Table 17, to ta l  

population  i s  denoted as (X̂ ^̂ ) and to ta l  employment as (X^Q^).
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I t  i s  very e s s e n t ia l  to  emphasize th a t the term " to ta l"  water 

requirements inc ludes municipal and domestic, in d u s tr ia l ,  i r r ig a tio n  

uses besides o th e r uses. The term "others" includes water used in  

rec rea tio n  and w ild l i f e ,  secondary o il  recovery and o th e r municipal and 

in d u s tr ia l  water uses.

Based on the developed model, the S ta te 's  i s  expected to experience 

a great growth in  to ta l  water requirem ents. In the year 1980, i t  is  

p ro jected  th a t  Oklahoma w ill need 2760 thousand a c re -fe e t (2465 MGD) 

and an amount of 5167 thousand ac re -fe e t (4615 MGD) by 2000. By 2040, 

the to ta l  water requirem ents fo r Oklahoma i s  expected to  reach 9007 

thousand a c re -fe e t (8045 MGD). These p ro jec tio n s  are i l lu s t r a te d  in 

Figure 22.

By the  year 2000, 56 percent o f the to t a l  water requirements of 

Oklahoma i s  determined to  be c la s s if ie d  as i r r ig a t io n ,  54 percent as 

in d u s tr ia l ,  13 percen t as municipal and domestic and the remaining 17 

percent w ill be f o r  o ther uses. By the year 2040, the p ic tu re  w ill  be 

s lig h t ly  d if fe re n t .  I r r ig a tio n  water requirem ents percentage i s  ex­

pected to  increase  from 56 percent to  41 percent of the S ta te 's  to ta l .  

In d u s tr ia l water needs percentage w ill grow from 54 percent in  the year 

2000 to  57 percent of the S ta te 's  to ta l  by the year 2040. Municipal 

and domestic w ater use percentage i s  p ro jec ted  to  be decreasing from 15 

percent to  10 percen t while the percentage o f o ther uses, such as recrea­

tion  and w ild l ife ,  secondary o il  recovery and o ther municipal and in ­

d u s tr ia l uses is  expected to  decrease from 17 percent to  12 percent.

These percentages o f  d if fe re n t water use ca tego ries fo r  the years 2000 

and 2040 are explained  in  Figure 25.
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Table 17

Oklahoma T otal IVater Requirements P ro jections*

The Model; Y.J.. = -6233.047 + 2.856 X, . ♦ 0.430 X„,. 
U  20i

Year
\ i

(Thousands)
^20 i  

(Thousands)

V
•Ti

(lOOO's A.F/Year)
4 i

(MGD)

19S0 2989.9 1061.693 2760 2465

1990 3398.7 1242.148 4009 3381

2000 3772.8 1440.90 3167 4615

2010 4110.10 1637.78 6219 3354

2020 4428.7 1867.09 7233 6460

2030 4713.7 2126.166 3163 7291

2040 4962.3 2422.06 9007 8043

A ll the v a r ia b le s  included in  the model a re  defin ed  in  equation  [d .9 ) in C hapter IV.
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l o i )  l e  1 8

Rot Los o f  IVator R e qu irem ents  i n  Okloliomo

R a t i o 1980 1990 2000 2010 2020 2030 2040

I n d . /M u n .* 1 .0 1 2 . 1 0 2 . 5 7 2 . 9 0 3 . 1 7 3 .4 1 3 .6 1

I r r . / M u n . * 2 . 3 7 2 . 5 8 2.  70 3 . 2 2 3 . 6 2 3. 84 4 . 0 4
tn'-J

Miin. = M u n ic ip a l  and d o m e s t i c  w a t e r  rec iuirem on ts .  
Ind.  = I n d u s t i ' i a l  w a t e r  r e q u i r e m e n t s .
J r r .  = I r r i g a t i o n  w a t e r  r e ( | u i r e m e n t s .
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Records o f the Oklahoma Water Resources Board [8) show th a t the 

to ta l  w ater supply storage of f a c i l i t i e s  constructed  and under construc­

tio n  i s  approxim ately 3690.3 thousand a c re -fe e t.  This storage provides 

a y ie ld  o f 1979.8 thousand ac re -fee t per year (1768 MGD). The seven 

major lakes authorized fo r construction w ill add an add itio n a l 1710.0 

thousand a c re -fe e t o f conservation storage and provide a y ie ld  o f 963.8 

thousand a c re -fe e t per year (861 MGD). This in d ic a te s  th a t the es­

timated p resen t and p o te n tia l water resource development from surface 

water i s  approxim ately 2943.6 thousand a c re -fe e t p e r  year (2629 MGD).

Ground w ater i s  one o f the S ta te 's  most valuable resources. I t  

supplies 48 percent o f the water used in  Oklahoma and more than 80 p e r­

cent o f p resen t i r r ig a t io n  water is  provided from ground w ater re s e r ­

vo irs. More than 300 towns and c i t ie s  ob tain  th e i r  water supply from 

wells and sp rings. Eighty percent o f a l l  ground w ater used in  the S tate 

is  in  western Oklahoma.

Oklahoma has approximately 308,930 thousand a c re -fe e t s to red  in  

i t s  ground b as in s . Of th i s  amount o f s to rage, i t  i s  estim ated  th a t 

only 40 percent o r about 123,572 thousand a c re -fe e t,  i s  recoverable. 

There i s  no doubt th a t more hydrogeologic data than is  cu rren tly  a v a il­

able i s  h ighly  requ ired  to  assess p re c ise ly  how much ground water is  

ava ilab le  to  the S ta te .

From the previous d iscussion , and considering the present and po t­

e n tia l water resource development from both surface water and ground 

water resources, i t  i s  obvious th a t Oklahoma has s u f f ic ie n t  water within 

i t s  boundaries to  supply a l l  present and fu ture needs. This w ill be ex­

plained more s p e c if ic a l ly  in  the next p a r t  of th is  chap te r.
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Statewide Water Supply and Demand

The major ob jective of th i s  section  of the study is  to  show that 

the problem o f water in Oklahoma is  not one o f quan tity  ra th e r  than the 

d is tr ib u tio n  o f  the w ater to  various sec to rs  of the economy in  a l l  parts 

of the S ta te .

Oklahoma S ta te  i s  d iv ided  in to  e igh t planning reg ions. These 

regions are i l lu s t r a t e d  in  Figure 24. The p ro jec tio n s  o f municipal 

and domestic, in d u s tr ia l  and ir r ig a tio n  water requirements of counties 

are aggregated to  each planning region le v e l. These p ro jec tio n s  are 

tabu la ted  in Table 19.

The Oklahoma Water Resources Board has estim ated the water re s ­

ource development p o te n tia l fo r  each planning region in  the S tate  

fo r the year 2050 (67). This development p o te n tia l includes ground 

water supply, m ultipurpose s i t e s  and farm ponds, major re se rv o irs  which 

are ex is tin g  o r cu rren tly  under construction  and federal p ro jec ts  auth­

orized fo r  construction . These development p o te n tia l estim ates fo r the 

year 2030 are compared with to ta l  municipal and domestic, in d u s tria l, 

and ir r ig a t io n  water requirem ents p ro jec ted  in  th is  study fo r the year 

2050 in  order to  determine the  surplus or the d e f ic i t  o f w ater fo r  each 

planning region. This i s  summarized in  Table 19.

The to ta l  water resource development fo r  the Southwest twelve 

region i s  estim ated a t  659 thousand a c re -fe e t fo r the year 2050. The 

to ta l  water requirem ents for th is  region are expected to  increase  from 

545.1 thousand a c re -fe e t in 1980 to 1596.2 thousand a c re -fe e t by 2040.
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Based on 2050 w ater requirements p ro jec tions and development pot­

e n t ia l ,  the Southwest twelve region is  expected to  su ffe r  from a def­

i c i t  of 784 thousand a c re -fe e t.

S im ilarly , the to ta l  2050 water resource development p o te n tia l fo r 

the South Central e igh t region is  estim ated a t 252.2 thousand ac re -fe e t 

with pro jected  to ta l  water requirements equal 450.7 thousand acre- 

fe e t. This ind icates a d e f ic i t  of 198.5 thousand ac re -fe e t for th a t 

region.

The p ic tu re  is  completely d iffe re n t in  the Southeast eight region 

where a surplus of w ater i s  expected. The to ta l  w ater requirements 

are determined to  increase from 114.9 thousand ac re -fe e t in  1980 to

565.7 thousand a c re -fe e t by 2040. The to ta l  2050 water resource dev­

elopment p o ten tia l fo r th is  region is  estim ated a t  5551.4 thousand acre- 

fee t and the water requirem ents a t 525.6 thousand a c re -fe e t.  This 

im plies a surplus o f 5005.8 thousand a c re -fe e t in  the Southeast 

e igh t region.

The Central five reg ion  is  one of the S ta te 's  planning regions th a t 

w ill have a great lack o f w ater sources. This region w ill need

901.9 thousand a c re -fe e t in  the year 2050 while the to t a l  water re s ­

ource development p o te n tia l i s  estim ated a t 289.5 thousand ac re -fe e t.

This region w ill su ffe r from 612.4 thousand a c re -fe e t d e f ic i t  o f water 

i f  not supplied from other sources and locations w ithin the S ta te .

The Northwest eleven region w ill have the same problem of lack 

of water sources. The d e f ic i t  of water in th is  region by the year 2050 

is  expected to be 1017.2 thousand a c re -fe e t, which is  the h ighest d e f ic it  

among a l l  the S ta te 's  reg ions. The i r r ig a tio n  water requirements in
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th is  region represent about 62 percent of the S ta te 's .  P ro jec tions of 

ir r ig a tio n  water requirem ents in  th is  region show th a t the growth w ill 

be sharply increasing  from 748.3 thousand ac re -fee t in  1980 to  2140.9 

thousand a c re -fe e t by the  year 2040.

The to ta l  water resource development p o te n tia l for the North 

Central nine region fo r  the year 2030 is  estim ated a t  573.1 thousand 

ac re -fee t with to ta l  w ater requirements equal 475.6 thousand a c re -fe e t. 

This region w ill have a surplus of water equals 97.5 thousand a c re -fe e t.

S im ilarly , the N ortheast f if te e n  region is  estim ated to  have to ta l  

water resource development p o te n tia l fo r the year 2030 equals 2251.8 

thousand a c re -fe e t. By 2030, the to ta l  water requirements p ro jec tions 

ind ica te  th a t th is  region w ill need 1283.34 thousand a c re -fe e t.  Thus, 

the surplus of water in  the Northeast f if te e n  region is  estim ated a t 

968.46 thousand a c re -fe e t.

F in a lly , the East C entral nine region i s  another planning region 

th a t w ill have a tremendous amount o f surplus water. The to ta l  water 

resource development p o te n tia l  is  estim ated a t 2432.5 thousand acre- 

fe e t fo r the year 2030. Out of th is  amount, a to ta l  of 169.07 thousand 

ac re -fee t w ill be requ ired  to  s a tis fy  municipal and dom estic, in d u s tr ia l 

and ir r ig a tio n  water needs fo r the same year. In o ther words, the 

East C entral nine region is  expected to  have a surplus o f  w ater equals 

2263.427 thousand a c re -fe e t by the year 2030.

In sh o rt, the Southwest twelve region, the South C entral e igh t 

region, the Central f iv e  region and the Northwest eleven region are the 

S ta te 's  planning regions th a t are expected to  su ffe r  from a lack of 

water sources. On the o ther hand, the S ta te 's  planning regions ex-
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pected to have surplus water are the Southeast e ig h t region, the North 

Central nine reg ion , the Northeast f if te e n  region and the East Central 

nine region.

The previous d iscussion must imply the fa c t th a t the d is tr ib u tio n  

o f water resources throughout the S ta te  is  not id e a l.  Most of the 

S ta te 's  water resources are located in Eastern Oklahoma, while Western 

Oklahoma s u ffe rs  from a lack of water sources.

On the statew ide lev e l, Oklahoma has and w ill  maintain su ff ic ie n t 

water w ithin i t s  boundaries to  supply p resen t needs and the future 

sharp increase in  water demands. Consulting with Table 19, the to ta l  

water resource development p o te n tia l fo r  the S ta te  i s  estim ated at 

10795.5 thousand ac re -fe e t (9642 MGD) fo r the year 2050. This is  more 

than enough to  s a t is fy  a to ta l  p ro jec ted  water requirem ents fo r the 

S tate  o f approxim ately 8165 thousand ac re -fe e t fo r  2050 (7290.8 MGD).
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CHAPTER VI

SUMÎ'LARY, CONCLUSIONS AND RECOMMENDATIONS 

Introduction

Oklahoma is  experiencing tremendous growth and expansion. Popula­

tion  growth, in d u s tr ia l development, a g r ic u ltu ra l i r r ig a tio n  expansion, 

g ro ss-s ta te  product growth, u rbanization , technological development as 

well as many o ther economic, environmental and c u ltu ra l p a tte rn s  w ill 

make the S tate  face the problem of ever increasing  in  water demands.

The S ta te  must be concerned with the development and a llo ca tio n  of an 

adequate water supply system to  s a tis fy  the fu tu re  water requirements.

I t  i s  lik e  providing a foundation fo r continued growth. Oklahomans 

are looking forward to  a b rig h t fu ture w ith adequate supplies of water. 

But th e re  i s  no doubt th a t the solu tion  to  Oklahoma's water problems 

begins with the knowledge o f how much water w ill be needed and the time 

i t  w ill be required , qu ite  independent o f  c u rren t, or foreseeable a v a i l­

a b i l i ty  of p o te n tia l needs, and then fu ture fo recas ts  must be considered 

in  the l ig h t  of available o r p o te n tia l w ater.

Summary
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The immediate ob jective of th is  study i s  to  develop mathamatical 

water needs models fo r the S ta te  o f Oklahoma in  order to p re d ic t muni­

c ip a l, in d u s tr ia l, i r r ig a tio n  needs; per cap ita  municipal and domestic 

water usage ra te s ;  and to ta l  water requirements by u t i l iz in g  socio ­

economic, environmental and c lim ato log ical in d ic a to rs . Another ob­

je c tiv e  o f  th is  study is  to  break down the statew ide fo recas ts  o f 

water requirements to  county le v e l, se lec ted  c i t ie s  and the S ta te 's

planning regions lev e l by d iffe re n t categories o f water use.

This process s ta r t s  w ith id en tify in g  the ro le  of water in  develop­

ment and the ob jectives o f the assessment o f fu ture w ater demands. 

Problems associa ted  with water resources in  Oklahoma are discussed to 

c la r ify  the  needs fo r adequate planning and the importance of determ in­

ing fu tu re  water needs by d if fe re n t ca tego ries  o f water use in  the

S ta te . Then a comprehensive l i te r a tu r e  review o f water demand models

are presented and used to  decide on the models parameters to  be used.

A stepwise m ultip le regression  analysis  was se lec ted  as the basic  

technique to be used to  develop the required w ater needs models fo r  

Oklahoma. A specia l review of regression  analysis  is  provided p re se n t­

ing several s t a t i s t i c a l  ind ices and te s ts  to  a s s is t  in  the  v a lid a tio n  

o f reg ression  models.

H is to ric a l d a ta  on water use as well as socio-economic and environ­

mental in d ica to rs  on a statew ide level from the year 1966 to  the year 

1976 were used to  develop the municipal and domestic w ater demand model, 

the in d u s tr ia l  w ater demand model, the i r r ig a t io n  water demand model 

and the to ta l  w ater demand model fo r the S ta te . Data on p e r ca p ita  

usage ra te s  and socio-economic in d ica to rs  by the S ta te 's  level from the
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year 1920 to  the year 1970 were used to  develop the S ta te 's  per cap ita  

municipal and domestic water usage ra te  model.

Data analysis and the technique used ind ica te  th a t  the S ta te 's  

municipal and domestic water demand model is  a function o f to ta l  pop­

u la tio n , non- a g r ic u ltu ra 1 employment, g ro ss-s ta te  product and p re c ip ita ­

tio n . The S ta te 's  in d u s tr ia l w ater demand model is  form ulated by to ta l  

population , non -ag ricu ltu ra l employment, coal production and p re c ip ita ­

tio n . The input v a ria b le s  fo r the S ta te 's  i r r ig a t io n  model are per 

c a p ita  income, i r r ig a te d  acres, land in  farms and p re c ip ita tio n . The 

S ta te 's  to t a l  water demand model i s  a function o f  to ta l  population and 

to ta l  employment. F in a lly , the s ig n if ic a n t explanatory v a riab les  in  

the S ta te 's  per c a p ita  municipal and domestic water usage ra te  model are

to ta l  population and per cap ita  income. All the c o e ff ic ie n ts  o f
2

m ultip le determ ination (R ) are over 0.90 and a l l  the independent var­

ia b le s  in  each demand equation pass the  sequen tia l F - te s t  a t  both 5% 

and 1-5 s ign ificance  le v e ls .

The fiv e  mathematical water demand models developed in  th is  study 

and the fo recas ts  o f  a l l  the s ig n if ic a n t explanatory v a r ia b le s , available 

or developed, are then  used to  p ro je c t the fu tu re  water needs fo r  Okla­

homa by d if fe re n t ca tegories o f  w ater use. The S ta te 's  water req u ire ­

ments p ro jec tio n s  are  disaggregated from the S ta te 's  le v e l to  counties 

and se lec ted  c i t i e s  lev e l based on the assumption th a t each county or 

c i ty  w ill maintain i t s  re la tiv e  p roportion  o f water use compared to  the 

S ta te 's .  The counties water requirem ents p ro jec tio n s  are  then ag­

gregated to  obtain w ater requirements fo r each s ta te  planning region in 

Oklahoma. A conçarison o f the p ro jec ted  water requirem ents fo r  each
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planning region w ith the estim ates o f to ta l  water resource development, 

provided by the Oklahoma Water Resources Board, is  accomplished in  order 

to  id e n tify  regions w ith water surplus or shortages in  future years.

The v a l id i ty  o f the developed models i s  confirmed by two approaches. 

F i r s t ,  each p re d ic tiv e  equation is  evaluated from the s t a t i s t i c a l  

p o in t o f view. Secondly, the water requirements p ro jec tions using the 

developed models are compared with o ther e a r l ie r  stud ies p ro jec tions  to  

t e s t  the reasonableness o f the re s u lts .

Conclusions

Based on the an a ly sis  o f data and the water demand models developed

in  th is  study, the  following conclusions can be dram :

U ) . All th e  models developed in  th is  study are valid  from the

2s t a t i s t i c a l  po in t o f view with th e i r  s a tis fa c to ry  values of R and the 

re s u lts  o f the seq u en tia l F - te s t a t both 5% and 1% sign ificance le v e ls . 

The w ater requirem ents p ro jec tio n s  of th is  study are te sted  aga in st 

o ther e a r l i e r  s tu d ie s  p ro jec tio n s  developed by the Oklahoma Water 

Resources Board (OWRB), the Bureau of Water and Environmental Resources 

Research (BlïERR), and the Center fo r Economic and Management Research 

(CE.̂ IR) a t  Oklahoma U niversity  and they in d ica te  very reasonable r e s u l t s .  

For example, the S ta te 's  per cap ita  municipal and domestic water usage 

ra te  is  estim ated  by the BWERR (36) a t 150 gpcd fo r the year 1976 given 

an ac tu a l value o f 84 gpcd in  1950, th a t i s ,  an annual ra te  o f  increase  

equals 2.54 gpcd from 1950 to  1976. In the same study, the per cap ita  

usage r a te  i s  estim ated  a t  156 gpcd fo r the year 1980 and 190 gpcd fo r 

the year 2000. Based on the model developed in  th is  study, the per
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cap ita  usage ra te  i s  expected to  reach 153 gpcd by the year 1980 and 199 

gpcd by the year 2020. The annual ra te  o f increase o f  the per cap ita  

usage ra te  is  estim ated a t 2.23 gpcd from 1980 to the year 2040. In a 

study by the OWRB [68), the S ta te 's  municipal and domestic water requ ire­

ments are estim ated a t  563.7 thousand acre -fee t fo r the year 2000 and 

788.3 thousand a c re -fe e t fo r the year 2020. Based on the model developed 

in  th is  study, the S ta te  is  expected to  need an amount o f 677 thousand 

a c re -fe e t by 2000 and 798 thousand acre -fee t fo r  the  year 2020 fo r muni­

c ipal and domestic water use. Another example of the reasonableness 

of the re s u lts  o f th i s  study is  the S ta te 's  i r r ig a tio n  water req u ire ­

ments. The OWRB (67) has estim ated th a t Oklahoma w il l  need an amount of

2372.7 thousand a c re -fe e t fo r the year 2000 and 3867 thousand acre- 

fee t by the year 2030 fo r  ir r ig a tio n  use. The p ro jec tio n s  o f th is  study 

show th a t the S ta te 's  i r r ig a t io n  water requirements w ill reach approx­

im ately a value of 1869 thousand acre -fee t in the year 2000 and 3295 

thousand ac re -fe e t by the year 2030 given a reported w ater use fo r i r ­

r ig a tio n  in  1976 equals 927.8 thousand acre -feet. The reported  in d u s tr ia l 

water use o f  Oklahoma was 588.92 thousand acre -fee t fo r the year 1975.

By the year 1980 and based on the model developed in  th is  study, Okla­

homa is  expected to  need an amount of 875 thousand a c re -fe e t.  Records 

of the OWRB show th a t from 1930 to  1975, the annual ra te  o f increase 

was 6.15 MGD for municipal and domestic water use, 11.12 MGD fo r in ­

d u s tr ia l water use and 15.35 MGD for ir r ig a tio n  w ater use. Based on 

the p ro jec tio n s  of th is  study, the S tate i s  expected to  experience the 

e sse n tia l same annual ra te s  o f increase mentioned above fo r  municipal, 

in d u s tr ia l and i r r ig a t io n  water uses from the year 1980 to  the year
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2040. These previous examples should in d ica te  the v a lid a tio n  o f the

water demand models developed in  th is  study.

(^ ) . In general, the models developed in  th is  study are considered

to be more refined  than the e a r l i e r  stud ies models. However, i t  i s  pos­

s ib le  th a t add itional socio-economic and c u ltu ra l v a riab les  can be in t ro ­

duced to  the developed p red ic tiv e  models. The mathematical models va l­

id i ty  can also  be confirmed by annual inventory  updating. Marked changes 

in annual inventory from year to  year would suggest exploring the need 

for ad justing  the techn ical c o e ff ic ie n ts .

(_3). The S ta te 's  municipal and domestic water requirements are 

expected to  reach 605 MGD by the year 2000 and SI7 MGD by the year 2040. 

The S ta te 's  p e r cap ita  municipal and domestic water usage ra te  i s  es­

timated a t 153 gpcd by 1980, 199 gpcd by 2000 and 287 gpcd by the year 

2040. This in d ica tes  a ra te  o f  increase in  the per cap ita  ra te  equals 

2.25 gpcd per year form 1980 to  2040.

(£). The municipal and domestic water requirements fo r Oklahoma 

City are estim ated a t 83.03 MGD by 2000 and 112.13 MGD by 2040. Tulsa 

City w ill need 73.66 MGD by 2000 and 99.47 MGD by the year 2040 fo r  

the same purpose o f water use. Ardmore, Enid, Lawton, Midwest C ity , 

Muskogee, Norman, Oklahoma C ity , S til lw a te r  and Tulsa w ill rep resen t the 

la rg e s t municipal and domestic water usage c i t ie s  in  Oklahoma.

(5). Oklahoma, Tulsa, Comanche and Cleveland counties, in  order, 

are expected to  have the la rg e s t municipal and domestic water req u ire ­

ments in  the S ta te .

(^ ) . The S ta te 's  in d u s tr ia l water requirem ents expansion i s  ex­

pected to  be im pressive. Based on the re s u lts  of th i s  study, the to ta l
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in d u s tr ia l  water requirements are estim ated a t  1556 MGD by 2000 and 

2954 MGD by 2040.

(2) - Tulsa, Oklahoma, Comanche and G arfie ld  counties, in  order, 

are expected to  dominate the in d u s tr ia l  w ater requirements growth in  

the S ta te .

(_8) • The S ta te 's  ir r ig a te d  acres and i r r ig a tio n  water re q u ire ­

ments are expected to  be sharply  increasing  in  future years. By the 

year 2000, the to ta l  number o f i r r ig a te d  acres in  the S tate  is  e s ­

tim ated a t 1155.60 thousand acres while the S ta te  w ill require an amount 

o f 1669 MGD fo r i r r ig a tio n  w ater use. The p ro jec ted  water req u ire ­

ments fo r ir r ig a tio n  by the year 2040 are 3505 MGD with to ta l  number 

o f ir r ig a te d  acres estim ated a t 2249.91 thousand acres.

(£). Texas, Cimarron, Caddo and Jackson counties, in  order, are 

expected to  represen t the la rg e s t i r r ig a t io n  water usage counties in 

Oklahoma.

(10). The S ta te 's  to ta l  water requirem ents are expected to  con­

tin u e  to  increase . The p ro jec tio n s  o f th is  study show th a t Oklahoma 

w ill  need an amount o f approximately 4615 MGD by the year 2000 and 

8045 MGD by the year 2040 in  order to  s a t i s f y  to ta l  water req u ire ­

ments. That includes water used in  municipal and domestic, in d u s tr ia l ,  

i r r ig a t io n ,  rec rea tio n  and w ild l ife ,  secondary o il  recovery and o ther 

municipal and in d u s tr ia l water uses. I t  should be mentioned here th a t 

the to ta l  water requirements or the water requirements p ro jec tio n s  fo r 

each category of water use rep resen t the aggregate needs (withdrawals) 

o f the  S ta te  without considering m ultip le use o f water or serious 

w ater conservation a lte rn a tiv e s .
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(11). The to ta l  w ater resource development p o te n tia l fo r the 

S tate  is  estim ated by the Oklahoma Water Resources Board a t 9642 MGD 

while the p ro jec ted  to ta l  water requirements are expected to  be 7291 

MGD by the year 2050. We must conclude th a t Oklahoma has s u f f ic ie n t 

water w ith in  i t s  boundaries to  supply fu ture water needs. Even with the 

pro jec ted  to ta l  water requirem ents fo r the year 2040 and the estim ated 

to ta l  w ater resource development fo r the year 2030, the S tate w ill  not 

face the problem of w ater shortages. Also, we should keep in  mind th a t 

there is  enbeded, roughly, a fa c to r  of sa fe ty  o f 3.00 due to  m ultip le 

and re-used  levels  of w ater.

(12). Based on the p ro jec tio n s  of th is  study, th e  ra tio  o f in ­

d u s tr ia l water use to  municipal and domestic w ater use i s  expected to  

increase from 1.61 in  the  year 1980 to  3.61 in  the year 2040. The 

ra tio  o f i r r ig a t io n  water use to  municipal and domestic water use is  

estim ated a t  2.37 fo r the year 1980 and expected to  reach a value of 

4.04 by the year 2040. On the nation-wide le v e l, the ra tio s  o f in ­

d u s tr ia l to  municipal and i r r ig a t io n  to municipal w ater use are ap­

proxim ately the same o f a value equals 10/1. This in d ica te s  th a t  Okla­

homa is  and w ill remain under the national level in  th i s  p rospective.

(13). The problem of water in  Oklahoma is  due to  the fa c t th a t 

the d is tr ib u tio n  o f p resen t and p o te n tia l water resources throughout 

the S ta te  i s  not id e a l. Most o f the S ta te 's  w ater resources are con­

cen tra ted  in  Eastern Oklahoma, while Western Oklahoma su ffe rs  from a 

lack of water sources. The i r r ig a te d  a g ric u ltu ra l economy th a t has 

developed in  Western Oklahoma is  rap id ly  dep le ting  the ground w ater 

resources and ad d itional sources w ill  be required  to  avoid the economic
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consequences o f re tu rn ing  to  dryland farming. Based on the analysis 

provided in  th is  study, the Southeast e ig h t region, the North Central 

nine region, the N ortheast f if te e n  reg ion , and the East Central nine 

region are expected to  have tremendous p resen t and p o te n tia l water 

resources th a t w ill  f a r  exceed any fo reseeab le  demands th a t could dev­

elop in  the next 50 years. On the o th e r hand, the Southwest twelve 

region, the South Central e igh t reg ion , the  Central five  region and the 

Northwest eleven region are expected to  face water shortages.

(14). There are two major problems associated  with data lim ita ­

tions  in  th is  study. The f i r s t  problem is  the exclusion of cost of 

water in  the demand models developed although i t  seems to be a very 

im portant input v a riab le  sp ec ia lly  in  i r r ig a t io n  and in d u s tr ia l demand 

models, but the S ta te 's  planners are more concerned with water needs 

than demands. The second problem a rea  associated  with data lim ita tio n s  

in  th is  study i s  the in d u s tr ia l w ater use data. Data on in d u s tr ia l 

water use in  Oklahoma is  not c la s s i f ie d  by each category of water use, 

such as cooling, b o ile r  water, p rocessing  and o ther uses. Therefore, 

the in d u s tr ia l  w ater requirements fo r  Oklahoma are not broken down by 

each category o f in d u s tr ia l  water use or by each industry  in  each cate­

gory. However, th i s  c la s s if ic a t io n  o f  the pro jected  in d u s tr ia l water 

use can be achieved by taking ra t io s  o f each category to  the S ta te 's  

to ta l  in d u s tr ia l w ater use whenever d a ta  on in d u s tr ia l water use w ill 

be more comprehensive.
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(15). From the s e n s it iv i ty  analysis on the p re c ip ita tio n  input

variab le , excluding th is  variab le  from the S ta te 's  municipal and domes-

2t i c  water demand model w ill reduce R value by 0.0003 and increase the

municipal and domestic water requirements p ro jec tio n s  by an amount of

2.19 thousand ac re -fe e t per year. Excluding p re c ip ita tio n  from the in -
2d u s tr ia l water demand model w ill reduce R“ by 0.0007 and the in d u s tr ia l

water requirements p ro jec tions by approximately 21.35 thousand acre-

fee t per year. In the case o f the S ta te 's  i r r ig a t io n  demand model, the
2

exclusion of p re c ip ita tio n  w ill lower the R value by 0.0036 and increase 

the pro jected  i r r ig a tio n  water requirements by a value o f 31.54 thousand 

a c re -fee t per year.

(16). The disaggregation o f the S ta te 's  municipal and domestic, 

in d u s tr ia l and i r r ig a tio n  water requirements from the S ta te  to  counties 

level is  accomplished based on the assumption th a t each county w ill 

maintain i t s  r e la t iv e  proportion of water use compared to  the S ta te 's .

I f  th is  assumption does not hold in  the fu tu re , based on annual in ­

ventory by county leve l fo r  example, another methodology should be 

considered. The s im ila r i ty  analysis i s  a good approach to  be adopted. 

Simply, the S ta te  should be divided in to  groups of counties of s im ila r 

socio-economic c h a ra c te r is t ic s . A water demand model fo r each category 

of water use fo r each group of counties should be developed.

(17). Because of the extremely rap id  growth of new cap ita l in ­

vestment in  Oklahoma, i t  i s  probably im possible to  make a re lia b le  

fo recast o f the s ta tu s  of the in d u s tr ia l development in  the S tate five 

years from now, to  say nothing o f  10 to  15 years from now. For example, 

the nuclear power p lan t to  be b u i l t  a t Ino la , Oklahoma in  Rogers County
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pressed  in d ire c tly  by the models developed in th i s  study. Building 

the p lan t w ill a ffe c t employment in  Oklahoma, which i s  a s ig n if ic a n t 

fa c to r  in the S ta te 's  m unicipal, in d u s tr ia l  and to ta l  water demand 

models, and w ill have some impact on the g ro ss -s ta te  product, which is  

an input variab le  in  the S ta te 's  municipal model. Moreover, th i s  plant 

i s  located in  the Northeast f if te e n  planning region which is  expected 

to  have surplus water equals 968.46 thousand a c re -fe e t by the year 2030 

as estim ated in  th is  study. .41so, an assessment o f w ater requirements 

fo r th is  in d u s tr ia l p ro jec t can be made and added to  the p ro jec ted  

water requirements fo r Rogers County. S im ilarly , the same procedure 

can be followed fo r other s ig n if ic a n t in d u s tr ia l expansion a t any loca­

tio n  in  the S ta te .

Recommendations

(_1)- Since shortages o f  water e x is t in  the '.Vestern h a lf  of the 

S ta te  due to  the a v a i la b i l i ty  of stream water o r r e s tr ic t io n  of water 

use, and since th e re  is  an over abundant stream water in  the Eastern 

h a lf  o f the S ta te , the planning a lte rn a tiv e  of transm ission o f surplus 

water from the Eastern to  the Western p a rts  of the S tate  is  very im­

po rtan t to  be considered i f  i t  w ill be economically fe a s ib le .

(^ ) . Sound planning procedures must be followed and applied on a 

statew ide basis and a w ell-defined implementation schedule must be dev­

eloped to insure adequate w ater fo r  a l l  areas o f  the S ta te  fo r many 

y ea rs .
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(£ ). More hydrogeologic data than is  cu rren tly  availab le  is  r e ­

quired  to  know p rec ise ly  how much ground water is  av a ilab le . Computer 

models, based on h is to r ic a l  water lev e l data basin s , are needed to  ac­

c u ra te ly  pred ic t usefu l l i f e  and dep letion  ra te s .

(£ ). In planning to  hold the water passing through the S ta te , 

care should be always given to  the proper type o f storage re se rv o irs . 

Surface reservo irs are an a t tr a c t iv e  means o f capturing w ater. Under 

normal conditions, about 35 m illion  a c re -fe e t o f water pass through 

Oklahoma. Records of the Oklahoma Water Resources Board in d ica te  th a t 

in  1965, 2 percent of th is  amount was used while the remainder passed 

on to  .'Arkansas, Louisiana, Texas and to  the Gulf o f Mexico. Not a l l  

o f the remaining was po tab le , but about a th ird  of i t  was f i t  fo r human 

consumption, another th ird  was usable fo r a g r ic u ltu ra l and in d u s tr ia l  

purposes, and the remainder was to t a l ly  unusable. The estim ated storage 

capacity  of upstream re ten tio n  re se rv o irs  was estim ated by the S o il Con­

serv a tio n  Service in  1965 a t 808 thousand a c re -fe e t. With the to ta l  

water requirements projected  in  th is  study fo r Oklahoma, and consider­

ing  only stream water source, approximately 15 percent o f the 35 m il­

lio n  acre -fee t w ill be used in  the year 2000, which is  5167 thousand 

a c re -fe e t.  The water storage of upstream re ten tio n  re se rv o irs  is  e s ­

tim ated by the S o il Conservation Service, w ithout including water from 

ground w ater and r iv e r  flow o r o ther agency large m ultiple-purpose 

re se rv o irs , at approximately 4098 thousand a c re -fe e t. Therefore, the 

problem of water in  Oklahoma i s  not one o f quan tity  ra th e r  the re te n tio n  

o f  requ ired  amounts from the to ta l  th a t  becomes availab le  in  a normal 

year.
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. Continuous compact agreements with our neighboring s ta te s  to  

a llo ca te  w aters and con tro l p o llu tio n  become increasin g ly  im portant 

as our need o f w ater fo r b en e fic ia l use increases.

. The av a ilab le  water resource maybe augmented by such methods 

as m odification o f weather to  include increased p re c ip ita tio n . Other 

methods of water resource augmentation include desa lin a tio n  of s a l t  

w ater, watershed management, e rad ica tio n  o f  preatophytes (deep-rooted 

p lan ts  which draw water from the water tab le  or the s o il  ju s t  above i t  

and which tra n sp ire  la rg e  q u a n titie s  o f w ater), increased  water re-use  

or sequen tial use, suppression o f  evaporation and more e f f ic ie n t  u t i l i ­

zation  of w ater w ith in  ir r ig a te d  ag ric u ltu re .

(%). The S ta te 's  water resource departments should be developing 

research capacity  concerning prospective technologies th a t  a f fe c t  dem­

and and supply of w ater. Such development which w ill decrease the 

fu tu re  demand fo r w ater are e le c t r ic a l  power generation by use o f  wind 

and w ater, re c irc u la t io n  cooling pond development, in d u s tr ia l  cooling 

systems using a i r ,  su b irr ig a tio n  and unsaturated  leaching s tra te g y  and 

o ther. Technical developments th a t  should increase usable supp lies of 

fresh  water are long canal systems to  ca rry  water from regions w ith in  

the S tate o f surplus and conservation o f ex is tin g  sources. Examples 

o f conservation methods are evaporation reduction from lakes and r e s ­

e rv o irs , ru n -o ff w ater control using rock tunnels and g a l le r ie s ,  ground 

water storage and management and many o tiier methods. So, a mathematical 

model, o f supply and demand i s  needed to  be developed and used to  t e s t  

new uses (reac tiv e) and suggest s tru c tu ra l and n o n -s tru c tu ra l changes 

(p ro activ e). That i s ,  i t  would re a c t to  proposed a c t iv i t i e s ,  such as
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a Nuclear Reactor on the Arkansas River, o r a major tra n s fe r  of water 

from Eastern Oklahoma to  Western Oklahoma, or po licy  decision  as to  

the d e f in itio n  o f ava ilab le  water or r e c a l l  of perm its, r ig h t ,  e tc .

In sh o rt, the  model would be a too l th a t  could provide, in  coarse 

(planning lev e l)  d e ta i l  but with increasing  p rec isio n , as more informa­

tion  is  added. The w ater qu an tity  and q u a lity  responses, as well as, 

economic and conservation concerns, and ex ternal in te rfa c e s , such as 

in te r s ta te  compacts, would be the g rea te s t sources of questions.

(£ ). The lack and sc a rc ity  of b asic  so c ia l , economic, physical 

and technolog ical da ta  should not be allowed to jeopardize the  survey 

for fu tu re w ater demands. The de lin ea tio n  o f  programs to  improve the 

data base should beccome a h ig h -p rio rity  objective of a survey fo r fu t­

ure demands.
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Linear Regression Analysis 

As mentioned before in  Chapter I I I ,  lin e a r  regression analysis is  

a s t a t i s t i c a l  tool used to  explain a re la tio n sh ip  between one or more 

independent variab les and a dependent variab le  in  a lin e a r  mathematical 

equation. I f  one independent v a riab le  is  used, i t  is  known as simple 

regression  analysis. On the o ther hand, i f  more than one independent 

variab le  is  used, i t  is  known as m ultip le  regression  an a ly s is , such as:

Y = A + + ............  + 8  ) L .................................................... (1)

where:

A = constant (or in te r c e p t ) ,

= regression param eters to  be estim ated,

= independent or explanatory v ariab les which are known,

Y = dependent variab le  to  be p red ic ted , 

i  = number of independent v a riab les .

The technique used to  develop any reg ression  model i s  ca lled  "The 

Least Squares Solution." In order to  describe th is  technique and fo r 

the  purpose of s im p lic ity , l e t  us consider the case of a simple l in e a r  

reg ression  model which can be expressed as follows:

Y = A + gX.  + e ........................................................................................................... ( 2 )

A and g are the population param eters to  be estim ated. Ŷ  are ran ­

dom dependent variab les which are normally d is tr ib u te d . X̂  are c a lled
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the independent v ariab les  which are fixed , th a t i s ,  determined outside 

the model and are  assumed to  be independent from each o ther. The e rro r  

terms e^ are assumed to be random v a ria b le s , normally d is tr ib u te d  with 

a mean value equals zero, and a constant variance. are also  assumed 

to  have a constant variance. The e rro r  terms e^ are assumed to  indepen­

dent from each o th e r  as well as from the independent variab les  X .̂

Estim ates fo r  A and 8 are determined by the  le a s t  squares so lu tion  

and can be denoted as a and b, resp ec tiv e ly . The estim ated lin e  is  

given as:

Y. = a + b X....................................................................... (3)1 1

According to  the  le a s t squares method, the sum of squares o f the

erro r  terms e . a re  minimized, th a t is :
1

n ,  n ,
S = Z e : = Z (Y. - A - g X . y ..............................................(4)

i= l 1 i= l 1 ^

In  order to find  the minimum value o f  the sum o f squares o f e^ we 

sh a ll take the p a r t i a l  deriva tives  o f S with respec t to  each co e ff ic ie n t 

in  equation (4) and se t them equal to  zero, th a t is :

3S ^= - 2 Z (Y - ASXJ = 0 ......................................... (5)
dK 1 1

and

-2 Z 0% - A -gX^ = 0 ......................................(6)
i —1
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The estim ato rs a and b may be obtained by solving the above two 

equations (5 and 6) to  get:

Z [X. Y. -  n 7  X)
b = -----------------  (7)

Z [Xf -  nX“)

and

a = 7  - b X .............................................................................................(8)

where :

b = the reg ression  estim ator fo r  the tru e  population para­

meter g,

a = the  reg ression  constant estim ato r fo r  the tru e  popula­

tio n  param eter A,

X̂  = the observations of the independent v a ria b le ,

= the observations of the dependent v a ria b le , 

n = number o f  observations where i  ranges from 1 to  n,

Y = a rith m etic  mean value o f the dependent v a ria b le ,

X = a rith m etic  mean value o f the independent v a ria b le .

Using equations (3) and (S) we may ob ta in :

y. = Y + b (X  ̂ - X ) ....................................................................(9)

The S ta t is t ic a l  t - t e s t  

The s t a t i s t i c a l  t - t e s t  can be defined as a t e s t  which checks 

whether the independent variab les  are s ig n if ic a n t ones in  the model. 

In o ther words, i t  t e s t s  the following two a lte rn a tiv e s :
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( 10)

We compare the computed t-va lue  (t^) fo r  a sp e c if ic  independent 

variab le  being te s te d  with the c r i t ic a l  or tab u la ted  t-v a lu e  (t^) ob­

ta ined  from s t a t i s t i c a l  t - ta b le s  given a degree o f freedom and a s ig n i­

ficance level (99% o r 95%). Suppose th a t the p red ic ted  lin e  is  given 

as:

Y = b^ + b X + b_ X + .........................+ b. X ,...............................(11)0 i l  Z Z 1 1

where b^ are the estim ators for true  population parameters using 

X̂  independent v ariab les  to  estim ate the dependent variab le  by Y. The 

observed t-v a lu e  is  given by the following equation:

b. b.
t  = ----- -— it = ^ .................................................................................... (12)

V (b ^ ): bi

where S, . i s  the standard e rro r  of the estim ato r b . . Using the bx 1

2 - ta i le d  s t a t i s t i c a l  t - t e s t  and given the degree o f freedom equals n -k , 

where n is  the number o f observations and k i s  the number o f para­

meters in  the model, we obtain the c r i t i c a l  t-v a lu e  (t^) from the ta b le . 

I f  t^  exceeds the value o f t^ , we have to  r e je c t  the  hypothesis Â :

8^ f  0 , th a t i s ,  the regression  c o e ff ic ie n t whose es tim ato r has being 

te s te d  i s  found to be s ig n if ic a n tly  d if fe re n t from zero. This indicates 

th a t  the sp ec ific  independent variab le  whose estim ato r coeffic ien t pas­

ses the t - t e s t  is  a s ig n if ic a n t fac to r in  the reg ression  model.
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The A nalysis o f Variance (ANOVA)

Y. (observed value)

(pred ic ted
lin e )

Unexplained variance

Total variance

Explained variance

Y (mean-value)

Table A-1 

ANOVA Table

Source o f variance S.S D.F Variance

w - Explained variance
SSR=Z

by reg ression  model

- _  9
(Y-Y] K-1 MSR=Z (Y.-Y)’ /K-1

(2). Unexplained variance SSE=I
 ̂ 2 

C ïi- ïi) n-K MSE=Z (Y^-Y^)^/n-k

Total variance SSTO=Z (Y. - ï )^ n-1 2 (Y .-Y )^/n-l

wnere;

( ] J . Explained variance which occurs due to  in troducing

to  the  model and is  explained by the reg ress io n  model.
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i ÿ  . Unexplained variance which happens by chance.

(£}. Total variance i s  the sum of explained and unexplained 

variances.

To i l l u s t r a t e  the procedure of ana ly sis  o f variance [the  sequential 

F - te s t ) , suppose we have th ree  independent v ariab les  in  the pred ic ted  

equation which is  given as:

Y= + + g _ X . ................................................................ (13)

Suppose our objective i s  to  check the s ign ificance  of in troducing 

to  our model, because i t  has the h ighest simple c o rre la tio n  co e ffic ien t 

with the dependent v a ria b le , while leaving and X, ou tside the model.

We ca lcu la te  F-value as follows:

Explained variance due to  X-|
F  ̂ = Unexplained variance due to  X̂

(14)
Z (Y. - Y)“/K -l MSR
 ;— 2  ^ -----
E (Y. - Y )̂ /n-K MSE

where :

K = number o f parameters considered ( i t  is  equal to  2 in 

our example), 

n = number o f  observations,

SSRMSR = mean squares of regression  =

SSR = sum o f squares o f reg ression ,

SSEMSE = mean squares of e rro r term =

SSTO = to ta l  sum o f squares.

and
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SSTO = SSR + SSE .................................................................................. (15)

By using the  desired  s ign ificance level and a degree o f freedom 

equals K-l/n-K, we obtain the F-tabulated  (F^) from standard ta b le s . 

Again, and as explained in  the  t - t e s t ,  we compare F  ̂ w ith F^, and r e ­

je c t  or accept one o f  the following a lte rn a tiv e s :

A : 3 = 3 = .....................= 3 = 0
 (16)

A ^ :  3 ^  r  3 ,  7 ^ .................................. = 3 ^  r  o

I f  we r e je c t  (means accept A^), th a t means not a l l  the co e ffic ien ts  

equal zero. I f  we re je c t A, (means accept A^), th a t means a l l  the coef­

f ic ie n ts  equal zero.

The o v e r-a ll F - te s t or the  sequential F -te s t is  to  determine how 

much v a ria tio n  o f can be explained by introducing several new indep­

endent va riab les  to  the reg ression  model.

I t  must be noted here th a t in  the case o f simple F - te s t ,  the same 

conclusion of te s t in g  hypothesis must follow from both t  and F - te s t 

since we have:

F = t - .................................................................................. (17)

a t any s ig n ifican ce  le v e l.

The C oeffic ien t of M ultiple Determination
2

The c o e ff ic ie n t o f  m ultip le determ ination, denoted by R , i s  defined 

as follows:
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g2_ Explained v a r ia tio n  of Y _ S (Y,- - Y)^ _ SSR
Total v a r ia tio n  o f Y _ v',2 SSTO........................  ̂ ^

I  (.1  ̂ - i j

or

-  # 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2
The major ob jective  o f computing R is  to  measure the proportion­

a te  reduction o f  to t a l  v a r ia tio n  in Y associated  with the  use o f  the 

s e t o f  X v a riab les . We have:

0 < R“ < 1 ........................................................................................ (20)

2
R equals the value o when a l l  the regression  c o e ff ic ie n ts  equal 

0 , and i t  takes on the value 1 when a l l  observations f a l l  d ir e c t ly  on

the f i t t e d  response su rface , th a t  i s ,  when Ŷ  = Ŷ  fo r  a l l  i .
2 2 

A very im portant po in t about R is  th a t a large value o f R does

not n ece ssa rily  mean th a t  the  f i t t e d  model is  a usefu l one. The large
7

value of R“ might occur because some observations may have been taken

a t only a few lev e ls  o f the independent v a riab les . Another inço rtan t

po in t is  th a t adding more independent variab les to  the model can only
2

increase the value o f R and never reduce i t .  Since SSE can never be­

come la rg e r with more independent v a ria b les , i t  i s  sometimes recom­

mended th a t a modified or ad justed  co e ff ic ie n t o f m ultip le  determina-
2 2 

tio n , denoted by R“ , to  be used to  evaluate the reg ression  model, R

i s  defined as follow s:

'a  = 1 S o  ..........................................................
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This adjusted c o e ffic ie n t o f m ultip le determination may a c tu a lly  

become sm aller with in troducing  another independent variable to  the 

model.
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Table B-?®

Total Population o f Oklahoma 

Cin Thousands)

Year Population Year Population

1950 2229 1964 2446

1951 2210 1965 2440

1952 2219 1966 2454

1953 2182 1967 2489

1954 2209 1968 2503

1955 2250 1969 2535

1956 2273 1970 2559

1957 2283 1971 2600

1958 2267 1972 2633

1959 2289 . 1973 2669

1960 2336 1974 2581

1961 2380 1975 2715

1962 2427 1976 2766

1963 2439 1977 2811*

*An estim ate by the research and planning d iv ision  
a t  the Oklahoma Employment Security Commission.

Source: See References 52, 53, 54, 55 and 56.
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Table B-2

Nominal Per-Capita Personal Income 

of Oklahoma

(In Current D ollars)

Year Per Capita Income Year Per Capita Income

1950 1143 1964 2156

1951 1284 1965 2340

1952 1391 1966 2525

1953 1467 1967 2712

1954 1445 1968 2920

1955 1507 1969 3126

1956 1580 1970 3387

1957 1641 1971 3551

1958 1776 1972 3834

1959 1828 1973 4336

1960 1876 1974 4823

1961 1930 1975 5259

1962 1949 1976 5707*

1963 2022

*An estim ate by the research  and planning d iv ision  a t  
the  Oklahoma Employment Security  Commission.

Source; See References 52, 53, 54, 55 and 56.



T a b l e  U— 3 
An i ma l  A v e r a g e  lùnployruei i t  o f  Ok l u b o ma  

( I n  Tl ioiiHaiulB)

Y e a r M i n i n g C o n t r a c t
C o n a t r u c t l u n

M a n u f a c t u r i n g T r a n o g o r t a L l o n  4 
l u l l  1 i l  K a c l l i t l c a

W O o l c a a l e  a n d  
K c t a l l  T r a d e

r i  n a n c e ,  I n s u r a n c e  
6 Ue a l  e s t a t e S e r v i c e s C<iverninei i t Wages  & 

S a l a r i e s
T o t a l

N o n - F a r m
T o t a l  

Fmployroe

1939 3 7 . 5 1 2 . 8 4 2 . 4 3 1 . 2 8 0 . 7 1 1 . 1 4 7 . 8 6 2 . 7 3 2 6 . 2 NA NA
/,o 3 8 . 0 1 1 . 2 4 5 . 4 3 1 . 1 8 2 . 1 1 1 . 7 4 9 . 1 6 3 . 8 3 3 2 . 4 NA NA
!>\ 4 0 . 8 1 6 . 6 5 1 . 4 3 3 . 8 8 6 . 1 1 2 . 2 51 . 4 6 5 . 7 3 5 8 . 0 NA HA
42 37 .  7 4 7 . 0 6 4 . 2 3 6 . 4 8 4 . 1 1 2 . 2 5 3 . 6 7 6 . 2 4 1 1 . 4 MA NA
43 3 5 . 9 3 1 . 6 9 9 . 7 3 9 . 6 8 7 . 0 i l . 9 5 5 . 8 8 5 . 5 4 4 7 . 0 MA NA
44 3 6 . 4 1 0 . 9 1 0 2 . 1 4 0 . 2 8 6 . 6 1 1 . 4 5 6 . 0 9 2 . 2 4 3 5 . 8 MA NA
45 3 6 . 6 9 . 8 8 9 . 2 4 0 . 8 8 8 . 4 1 1 . 6 5 4 . 6 9 3 . 0 4 2 4 . 0 MA NA
46 3 6 . 8 1 9 . 1 5 7 . 6 4 3 . 6 1 0 1 . 1 13 .  3 5 6 . 4 8 4 . 1 4 1 2 . 0 NA NA
47 4 0 .  3 2 3 . 3 6 2 . 4 4 5 . 8 1 0 8 . 3 1 6 . 0 5 8 . 2 8 2 . 9 4 3 7 .  3 NA NA
48 4 3 .  1 2 6 . 8 6 6 . 5 4 9 . 4 1 1 6 . 7 1 7 . 1 0 5 7 . 3 8 5 . 9 4 6 2 .  7 NA NA
49 4 2 . 6 2 9 . 6 6 4 . 1 4 9 . 2 1 1 9 . 0 1 7 . 2 0 5 4 . 6 8 9 . 7 4 6 6 . 0 NA NA

1950 4 3 . 1 3 1 . 2 6 5 . 6 4 9 . 4 12 3 .  1 1 8 . 6 5 4 . 1 9 1 . 7 4 7 6 . 9 NA 8 1 0 . 2
51 4 5 . 2 3 2 . 1 7 3 . 2 4 9 . 9 1 2 5 . 1 1 9 . 2 5 7 . 5 1 0 2 . 1 5 0 4 .  3 NA 8 4 3 . 6
52 4 6 . 8 3 2 . 5 8 0 . 2 5 0 . 9 1 2 7 . 0 1 9 . 5 6 0 .  7 1 0 9 . 0 5 2 6 . 6 NA 851 . 0
5 3 4 8 . 2 3 1 . 4 8 5 . 0 5 1 . 0 1 2 6 . 3 2 0 . 1 6 1 . 5 11 1 . 8 5 3 5 . 3 NA 8 7 3 . 7
54 5 0 . 0 2 9 . 1 8 3 . 0 4 9 .  2 1 2 4 . 2 2 0 . 9 6 1 . 7 1 1 3 . 2 531 . 3 NA 8 6 7 . 7
55 5 2 . 0 3 0 . 9 8 8 . 5 5 0 . 4 1 2 6 . 2 2 2 . 3 6 3 . 8 1 1 6 . 8 5 5 0 . 9 NA 8 8 8 . 6
56 5 2 . 9 2 9 . 9 9 2 . 6 5 0 . 6 1 2 8 . 5 2 3 . 0 6 6 . 3 1 1 9 . 6 5 6 3 . 4 NA 9 0 1 . 4
57 5 1 . 8 3 0 . 7 9 0 . 0 5 0 . 1 1 2 7 . 8 2 3 . 4 6 6 . 8 1 2 3 . 9 5 6 4 . 5 NA 8 9 9 . 0
58 4 8 . 5 3 1 .  7 8 5 . 1 4 8 . 0 1 2 8 . 0 2 3 . 9 6 5 . 8 1 2 6 . 1 5 5 7 . 1 6 6 7 . 2 8 4 6 . 2
59 4 7 .  7 3 4 . 8 8 7 . 0 4 7 . 8 1 3 2 . 8 2 5 . 0 7 0 . 4 1 2 7 . 7 5 7 3 . 2 6 9 5 . 6 8 6 1 . 0

I 9 6 0 4 5 . 1 3 4 . 4 8 6 . 6 4 8 .  1 1 3 7 . 4 2 6 . 4 7 2 . 8 1 3 0 . 8 5 8 1 . 6 7 0 4 . 2 8 5 9 .  7
61 4 5 . 0 33 .  7 8 6 . 5 4 7 . 2 1 3 7 . 8 2 7 . 4 7 5 . 9 1 3 3 . 2 5 8 6 . 7 7 0 9 . 2 8 6 5 . 2
62 4 3 . 9 3 4 . 7 9 0 . 4 4 6 . 9 1 3 9 . 7 2 8 . 6 7 9 . 9 1 3 7 . 4 6 0 1 . 5 7 2 2 . 8 8 7 0 . 9
63 4 2 . 3 3 6 . 7 9 0 . 9 4 6 . 2 1 4 1 . 2 2 9 . 5 8 3 . 3 1 4 1 . 4 61 1 . 5 7 3 0 . 3 8 7 3 . 8
64 4 2 . 2 3 5 . 5 9 6 . 6 4 5 . 9 1 4 3 . 6 3 0 . 5 116.4 1 4 3 . 6 6 2 4 . 3 7 4 3 . 2 8 7 2 . 6
65 4 2 . 4 3 5 . 5 1 0 3 . 0 4 6 .  5 1 4 8 . 1 3 1 . 3 811.2 1 5 2 . 9 64 7 . 9 7 6 7 . 0 8 9 0 . 8
66 4 2 . 1 3 4 . 5 1 1 3 . 3 4 7 . 8 1 5 3 . 2 3 2 . 5 9 2 .  3 1 6 6 . 5 6 8 2 . 1 8 0 0 . 2 9 2 2 . 4
67 4 1 . 0 3 2 . 5 1 1 6 . 4 4 9 .  5 1 5 7 . 2 3 1.11 9 9 . 5 1 7 6 . 4 7 0 6 . 3 82 3 . 2 9 4 4 . 1
68 4 0 . 9 3 4 . 6 1 2 1 . 7 5 1 . 5 1 5 9 . 8 34 .  3 1 0 4 . 2 1 8 0 . 2 7 2 7 . 2 8 4 3 . 1 9 6 3 . 0
69 4 0 .  7 3 6 . 7 1 2 9 . 9 5 2 . 8 1 6 5 . 0 3 5 . 8 1 1 0 . 3 1 8 4 . 0 7 5 5 . 2 8 7 0 . 5 9 8 9 . 2

1970 3 8 . 9 3 7 . 4 1 3 3 . 9 5 2 . 4 1 6 8 . 7 3 7 . 0 1 1 5 . 9 1 8 5 . 3 7 6 9 . 5 8 8 4 . 5 1 0 0 5 . 0
71 3 6 . 7 3 8 . 8 1 3 1 . 3 5 2 . 5 1 7 5 . 2 3 8 . 4 1 1 9 . 2 1 8 7 . 7 7 7 9 . 8 89 3 . 4 1 0 5 8 . 0
72 3 6 . 1 4 4 . 1 14 1 . 1 5 3 . 3 1 8 6 . 6 4 0 .  1 1 2 5 . 7 1 8 4 . 9 8 1 1 . 9 1 0 7 6 . 0
73 3 6 . 5 4 7 . 4 1 5 1 . 9 5 5 . 2 1 9 6 . 6 4 2 . 3 1 2 9 . 8 1 9 2 . 2 851 . 9 1 0 6 7 . 0
74 3 9 . 9 4 9 . 5 1 5 6 . 7 5 7 . 6 2 0 4 . 5 4 4 . 2 1 3 5 . 5 1 9 9 . 0 8 8 6 . 9 1 0 7 6 . 0
75 4 3 . 6 4 5 . 9 1 5 0 . 7 5 6 . 6 2 0 8 . 5 4 4 . 8 1 4 3 . 4 2 0 6 . 3 8 9 9 . 7 1 0 7 3 . 0

1976 4 4 . 4 4 6 . 1 1 5 6 . 1 5 7 . 3 2 2 2 . 2 4 6 . 6 1 5 1 . 4 2 0 7 . 0 9 31.  1 1 0 9 3 . 0
1 977 4 8 . 9 4 9 . 4 1 6 2 . 0 5 9 .  3 2 3 1 . 9 4 8 . 9 1 5 9 . 4 2 1 4 . 5 9 7 5 . 0 1 0 9 8 . 6

lOOo

S o u r c e  : S e e  R e f e r e n c c a  5 5 ,  5 6 ,  5 7 ,  5 8 ,  59 a n d  6 0 ,
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Table B-4 

Gross S tate  -  Product of Oklahoma

(In  M illions of Current D ollars)

Year Gross State-Product Year Gross State-Product

1950 2749.5 1964 5865.04

1951 3162.6 1965 6277.70

1952 3459.0 1966 6781.44

1953 3637.3 1967 7319.35

1954 3699.89 1968 7670.23

1955 3952.39 1969 8259.82

1956 4224.67 1970 9094.81

1957 4344.28 1971 9778.79

1958 4582.60 1972 10964.70

1959 4788.74 1973 11923.04

1960 5006.61 1974 13071.40

1961 5200.88 1975 15087.39

1962 5418.97 1976 16729.07

1963 5674.09

Source: See References 55 and 61.
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Table B-5

Mean Annual P rec ip ita tio n  And 

Mean Annual Temperature Of 

Oklahoma

Year Temperature
(F°)

P re c ip ita tio n
(Inches)

1950 59.9 35.45

1951 60.2 32.86

1952 61.7 23.98

1953 62.4 31.68

1954 63.7 23.12

1955 61.4 29.54

1956 62.7 21.28

1957 60.2 43.26

1958 59.8 33.27

1959 60.0 40.26

1960 59.4 36.52

1961 59.3 38.03

1962 60.8 32.87

1963 61.9 21.70

1964 61.1 33.14

1965 61.4 30.18

1966 59.7 25.36

1967 60.6 32.61

1968 59.2 39.81

1969 60.2 33.89

1970 60.3 29.27

1971 60.5 34.37

1972 60.2 29.78

1973 59.9 49.17

1974 60.5 39.42

1975 59.6 36.03

1976 59.5 27.01

S o u rce : See R eferences 55 and 62,
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T able B-6

Per Capita Municipal and Domestic Water 

Usage Rate of Oklahoma

Year gpcd Year gpcd

1950 84 1964 125

1951 86 1965 127

1952 90 1966 129

1953 93 1967 131

1954 97 1968 133

1955 100 1969 136

1956 102 1970 138

1957 105 1971 140

1958 108 1972 142

1959 110 1973 144

1960 112 1974 146

1961 116 1975 148

1962 119 1976 150

1963 121

S ource : See R eference 36.
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Table B -7  

Per Capita Municipal and Domestic

Water Use Model Data

Year Per C apita Rate £ / 
(gpcd)

Total Population ^
(iboo's)

Per Capita Income ^  
(Current Dollars)

1920 84 2028.3 830

1930 84 2396.0 429

1940 84 2336.4 423

1950 84 2233.4 1143

1960 110 2328.3 1876

1970 116* 2559.5 3386

*An estimate 
1/Source; See Reference 6.

^ S e e  R efe rence 55,



205

Table B-8

Mineral Production of Oklahoma

Year
Crude O il 

(M illions of Barrels)
Natural Gas 

(B illions of Cu. F t.)
Bitumonous Coal 

(1000's  of Short Tons)

1950 164.599 482.360 2679
1951 186.869 538.756 2223
1952 190.435 554.033 2193
1953 202.570 599.955 2168
1954 185.851 616.355 1915
1955 202.817 614.976 2164
1956 215.862 678.603 2007

1957 214.661 719.794 2195
1958 200.699 696.504 1629
1959 198.090 811.508 1525

1960 192.283 824.266 1342

1961 193.081 892.697 1032
1962 202.732 1060.717 1048

1963 201.962 1233.883 1008
1964 202.524 1316.201 1028

1965 203.441 1320.995 974
1966 224.839 1351.225 843
1967 230.749 1412.952 823
1968 223.623 1390.884 1089
1969 224.429 1523.715 1838
1970 223.574 1594.943 2427
1971 213.313 1684.260 2234

1972 207.633 1806.887 2624

1973 191.204 1770.980 2183
1974 177.785 1785.682 2356
1975 163.123 1605.410 2872
1976 150.627 1710.586 2900

Source: See R eferences 55 and 63.
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T able B-9

Value Added by Mineral and 

Manufacturai Production of Oklahoma

(In M illions of D ollars)

Year Mineral M anufacturai ^

1950 527.095 344.0

1951 607.486 433.7

1952 621.351 493.4

1953 679.003 553.8

1954 650.205 580.6

1955 7110.44 643.7

1956 757.080 754.5

1957 809.004 744.2

1958 761.936 725.0

1959 765.439 772.9

1960 779.116 801.0

1961 791.777 811.3

1962 855.290 825.9

1963 877.534 978.8

1964 881.270 1032.4

1965 909.256 1101.1

1966 997.391 1241.9

1967 1032.126 1346.2

1968 1016.832 1477.6

1969 1090.809 1595.4

1970 1138.272 1766.3

1971 1189.516 1834.4

1972 1210.798 2270.1

1973 1324.269 2599.3

1974 2122.690 3108.2

1975 2267.095 3451.2

1976 2670.323 3696.7

Source : £ / See References 63 and 55.

b /
See References 64 and 55.
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Table B-10

E le c tr ic a l Energy Sales of 

Oklahoma

(In M illions of Kilowatt Hours)

Year R esiden tia l Commercial In d u s tr ia l

1966 4441 2537 3983

1967 4653 2737 4224

1968 5360 3031 4460

1969 5397 3362 4688

1970 7293 3646 4888

1971 7776 3924 5243

1972 9200 4500 6000

1973 9700 4700 6400

1974 10200 4900 6900

1975 11400 5400 6900

1976 12173* 5713* 7244*

^Estimated by the s tr a t ig h t  lin e  approach model. 

Source: See References 55, 64 and 65.
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Table 2-11 

Acres Ir r ig a te d , Ntzzber of ta rn s .  

Land in  tarns & Average Size of 

Faras in  Oklahona

Year
Nunber of ta rn s  ^  

(lOOO's)
Land in fam s -5/ 

(lOOO's Acres)
Average Size 5.̂  

of ta rn  
(Acres)

Acres Ir r ig a te d  SJ 
(lOOO's)

1959 107 37500 350 —

1960 103 37400 363 —

1961 101 37400 370 —

1962 99 37400 378 —

1963 97 37400 386 —

1964 96 37300 389 —

1965 95 37300 393 —

1966 94 37300 397 427.847

1967 '  93 37300 401 508.220

1968 91 37300 409 509.744

1969 90 37300 413 504.425

1970 90 37100 412 . 541.428

1971 90 37100 417 571.345

1972 89 37000 420 574.994

1973 38 37000 425 523.938

1974 87 36900 424 550.571

1975 87 36800 423 531.273

1976 86 36800 426 580.05

1 /Source : See Reference 66.

^  S e e  R e f e r e n c e  4 6 .
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Table B-12

Livestock on Fams and Ranches in  Oklahoma 

(In Thousands)

Year All C attles 
and Calves 

(Jan. 1)

A ll Sheep 
and Lambs 

(Jan. 7)

All Hogs 

(Dec. 1)

T otal

1966 4396 160 . 278 4834

1967 4308 148 256 4812

1963 4480 139 374 4493

1969 4659 136 348 5143

1970 4985 138 442 5565

1971 5085 122 470 5677

1972 5441 123 352 5916

1973 5660 120 315 6095

1974 6020 104 310 6434

1975 6500 89 300 6889

1976 6400 79 320 6799

Source : See References 55 and 66.
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T able B-13

Cash Receipts from Fram Marketing 

and Number of Workers on Farms 

in  Oklahoma

Year Cash Receipts 
(M illions of D ollars)

Number of Workers 
(lOOO's)

1950 561.1 255

1951 624.5 247
1952 679.1 236

1953 556.0 231

1954 535.9 207

1955 482.7 198

1956 501.3 183

1957 437.7 166

1958 612.5 169

1959 620.2 165

1960 706.1 156

1961 683.2 156

1962 656.6 148

1963 659.4 144

1964 618.1 129

1965 778.2 120

1966 842.8 120

1967 795.3 129

1968 796.4 125

1969 950.2 124

1970 1105.5 126

1971 1087.00 124

1972 1395.0 125

1973 2197.2 120

1974 1896.41 118

1975 1881.3 105

1976 1912.00 104

S o u rce : See R eferences 55 and 66.
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■ T able C -  1

Municipal and Domestic Water Requirements 

P ro jections for Counties

(In Thousands of Acre-Feet/Year)

County 1970 1980 1990 2000 2010 2020 2030 2040

Adair 1.4 2.5 2.8 3.1 3.4 3.7 3.9 4.2

A lfa lfa 0.8 1.4 1.6 1.8 1.9 2.1 2.2 2.4

Atoka 1.1 2.0 2.2 2.4 2.7 2.9 3.1 3.3

Beaver 0.6 1.1 1.2 1.3 1.5 1.6 1.7 1.8

Beckham 1.9 3.4 3,8 4.2 4.6 5.0 5.3 5.7

Blaine 1.3 2.3 2.6 2.9 3.1 3.4 3.7 4.0

Bryan 2.8 5.0 5.6 6.2 6.8 7.3 7.9 8.4

Caddo 3.2 5.7 6.4 7.1 7.7 8.4 9.0 9.6

Canadian 3.9 7.0 7.8 8.7 9.4 10.2 11.0 11.7

Carter 4.3 7.7 8.6 9.5 .10.4 11.2 12.1 12.9

Cherokee 2.3 4.1 4.6 5.1 5.6 6.0 6.5 6.9

Choctaw 1.7 3.0 3.4 3.8 4.1 4.4 4.8 5.1

Cimarron 0.4 0.7 0.8 0.9 1.0 1.0 1.1 1.2

Cleveland * 10.2 18.2 20.5 22.6 24.7 26.7 28.6 30.6

Coal 0.5 0.9 1.0 1.1 1.2 1.3 1.4 1.5

Comanche * 13.7 24.4. 27.5 30.4 33.1 35.8 38.5 41.1

Cotton 0.7 1.2 1.4 1.6 1.7 1.8 2.0 2.1

Craig 1.5 2.7 3.0 3.3 3.6 3.9 4.2 4.5

Creek * 5.3 9.4 10.6 11.8 12.8 13.9 14.9 15.9

Custer 2.7 4,8 5.4 6.0 6.5 7.0 7.6 8.1

Delaware 1.7 3.0 3.4 3.8 4.1 4.4 4.8 5.1

Dewey 0.5 0.9 1.0 1.1 1.2 1.3 1.4 1.5
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Table C -1- Continued

County 1970 1980 1990 2000 2010 2020 2030 2040

E llis 0.6 1.1 1.2 1.3 1.5 1.6 1.7 1.8

G arfield  * 6.8 12.1 13.6 15.1 16.4 17.8 19.1 20.4

Garvin 2.8 5.0 5.6 6.2 6.7 7.3 7.9 8.4

Grady 3.4 6.1 6.8 7.5 8.2 8.9 9.5 10.2

Grant 0.7 1.2 1.4 1.6 1.7 1.8 2.0 2.1

Greer 1.0 1.8 2.0 2.2 2.4 2.6 2.8 3.0

Hamon 0.6 1.1 1.2 1.3 1.4 1.6 1.7 1.8

Harper 0.6 1.1 1.2 1.4 1.5 1.6 1.7 1.8

Haskell 0.9 1.6 1.8 2.0 2.1 2.4 2.5 2.7

Hughes 1.5 2.7 3.0 3.3 3.6 3.9 4.2 4.5

Jackson 3.9 6.9 7.8 8.7 9.4 10.2 11.0 11.7

Jefferson 0.8 1.4 1.6 1.8 1.9 2.1 2.2 2.4

Johnston 0.7 1.2 1.4 1.5 1.7' 1.8 2.0 2.1

Kay * 6.0 10.7 12.1 13.3 14.5 15.7 16.8 18.0

Kingfisher 1.4 2.5 2.3 3.1 3.4 3.7 3.9 4.2

Kiowa 1.4 2.5 2.8 3.1 3.4 3.7 3.9 4.2

Latimer 0.9 1.6 1.8 2.0 2.1 2.4 2.5 2.7

LeFlore 3.4 6.1 6.8 7.5 8.2 8.9 9.5 10.2

Lincoln 2.0 3.6 4.0 4.4 4.8 5.2 5.6 6.0

Logan 2.2 3.9 4.4 4.9 5.3 5.8 6.2 6.6

Love 0.6 1.1 1.2 1.3 1.5 1.6 1.7 1.8

McClain 1.5 2.7 3.0 3.3 3.6 3.9 4.2 4.5

McCurtain 2.9 5.2 5.8 6.2 7.0 7.6 8.1 8.7

McIntosh 1.3 2.3 2.6 2.9 3.1 3.4 3.7 3.9
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T able C -1- Continued

County 1970 1980 1990 2000 2010 2020 2050 2040

Maj or 0.8 1.4 1.6 1.8 1.9 2.1 2.2 2.4

Marshall 0.8 1.4 1.6 ' 1.8 1.9 2.1 2.2 2.4

Mayes 2.5 4.5 5.0 5.5 6.0 6.5 7.0 7.5

Murray 1.2 2.1 2.4 2.7 2.9 3.1 3.4 3.6

Muskogee * 6.9 12.3 13.8 15.3 16.7 18.0 19.4 20.7

Noble 1.1 2.0 2.2 2.4 2.7 2.9 3.1 3.3

Nowata 1.0 1.8 2.0 2.2 2.4 2.6 2.8 3.0

Okfuskee 1.2 2.1 2.4 2.7 2.9 3.1 3.4 3.6

Oklahoma * 67.7 120.7 135.8 150.2 163.7 177,0 190.1 202.9

Okmulgee 4.1 7.3 8.2 9.1 9.9 10.7 11.5 12.3

Osage 3.1 5.5 6.2 6.9 7.5 8.1 8.7 9.3

Ottawa 3.5 6.2 7.0 7.8 8.5 9.1 9.8 10.5

Pawnee 1.3 2.3 2.6 2.9 3.1 3.4 3.7 3.9

Payne * 6.2 11.1 12.4 13.8 15.0 16.2 17.4 18.6

P ittsburg 4.4 7.8 3.8 9.8 10.6 11.5 12.4 13.2

Pontotoc 3.1 5.5 6.2 6.9 7.5 8.1 8.7 9.3

Pottawatomie * 5.1 9.1 10.2 11.3 12.3 13.3 14.3 15.2

Pushmataha 0.9 .1 .6 - 1.8 2.0 2.2 2.4 2.5 "2 . 7

Roger M ills 0.4 0.7 0.8 0.9 1.0 1.0 1.1 1.2

Rogers 2.9 5.2 5.8 6.2 7.0 7.6 8.1 8.7

Seminole 2.9 5.2 5.8 6.2 7.0 7.6 8.1 8.7

Sequoyah 2.4 4.3 4.8 5.3 5.8 6.3 6.7 7.2

Stephens 4.2 7.5 8.4 9.3 10.2 11.0 11.8 12.6
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Table C-1 -  C ontinued

County 1970 19S0 1990 2000 2010 2020 2050 2040

Texas 1.9 3.4 3.8 4.2 4.6 5.0 5.3 5.6

Tillman 1.6 2.9 3.2 3.5 3.9 4.2 4.5 4.8

Tulsa * 50.6 90.2 101.5 112.2 122.4 132.3 142.1 151.7

Wagoner 3.1 5.5 6.2 6.9 7.5 8.1 8.7 9.3

Washington *- • 5.2 9.3 10.4 11.5 12.6 13.6 14.6 15.6

Washita 1.3 2.3 2.6 2.9 3.1 3.4 3.7 3.9

Woods 1.5 2.7 3.0 3.3 3.6 3.9 4.2 4.5

Woodward 1.9 3.4 3.8 4.2 4.6 5.0 5.3 5.6

STATE 305.2 544 612 677 738 798 857 915

* An ind ication  fo r the la rg e s t eleven municipal and domestic water 
usage counties in Oklahoma.
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Table C-2

Induscria i Water Requirenents 

Projections for Counties

(In Thousands of Acre-Peet/Year)

County 1970 1980 1990 2000 2010 2020 2050 2040

Adair 2.4 5.4 8.1 10. 7 13.1 15.5 17.9 20.3

A lfa lfa 1.4 3.1 4.7 6.2 7.6 9.1 10.5 11.8

Atoka 0.8 1.8 2.7 3.6 4.4 5.2 6.0 6.8

Beaver 0.7 1.6 2.4 3.1 3.8 4.5- 5.2 5.9

Beckham 3.3 7.4 11.1 14.7 18.0 21.4 24.6 27.9

Blaine 1.2 2.7 4.0 5.3 6.5 7.8 9.0 10.1

Bryan 6.0 13.4 20.2 26.7 32.8 38.8 44.8 50.7

Caddo 3.8 8.5 12.8 16.9 20.8 24.6 28.4 32.1

Canadian 1.2 2.7 4.0 5.3 6.5 7.8 9.0 10.1

Carter * 12.2 27.3 41.2 54.3 66.6 78.9 91.1 103.1

Cherokee 1.1 2.5 3.7 4.9 6.0 ' 7.1 8.2 9.3

Choctaw 3,9 8.7 13.2 17.4 21.3 25.2 29.1 33.0

Cimarron 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Cleveland 3.7 8.2 12.5 16.5 20.2 23.9 27.6 31.3

Coal 2.0 4.5 6.7 8.9 10.9 12.9 14.9 16.9

Comanche * 17.3 38.7 58.3 77.0 94.5 111.9 129.1 146.2

Cotton 1.1 2.5 3.7 4.9 6.0 7.1 8.2 9.3

Craig 0.2 0.4 0.7 0.9 1.1 1.3 1.5 1.7

Creek 5.6 12.5 18.9 24.9 30.6 36.2 41.8 47.3

Custer 6.7 15.0 22.6 29.3 36.6 43.4 50.0 56.6

Delaware 0.3 0.7 1.0 1.3 1.6 1.9 2.2 2.5

Dewey 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
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Table C-2- Continued

County 1970 1980 1990 2000 2010 2020 2030 2040

E ll is 0.4 • 0.9 1.3 1.8 2.2 2.6 3.0 3.4

G arfield  * 13.8 30.9 46.6 61.4 75.4 89.3 ' 103.0 116.6

Garvin 5.8 13.0 19.6 25.8 31.7 37.5 43.3 49.0

Grady 9.4 21.0 31.7 41.8 51.3 60.8 70.2 79.4

Grant 1.2 2.7 4.0 ■ 5.3 6.6 7.8 9.0 10.1

Greer 2.1 4.7 7.1 9.3 11.5 13.6 15.7 17.7

Harmon 0.7 1.6 2.4 3.1 3.8 4.5 5.2 5.9

Harper 0.7 1.6 2.4 3.1 3.8 4.5 5.2 5.9

Haskell 0.6 1.3 2.0 2.7 3.2 3.9 4.5 5.1

Hughes 0.2 0.4 0.7 0.9 1.1 1.3 1.5 1.7

Jackson 7.8 17.4 26.3 34.7 42.6 50.5 58.2 65.9

Je ffe rso n 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Johnston 1.5 3.3 5.1 6.7 8.2 9.7 11.2 12.7

Kay 9.5 21.2 32.0 42.3 51.9 61.5 70.9 80.3 '

K ingfisher 3.6 8.1 12.1 16.0 19.7 23.3 26.9 30.4

Kiowa 1.9 4.2 6.4 8.5 10.4 12.3 14.2 16.1

Latimer 1.3 2.9 4.4 5.8 7.1 8.4 9.7 11.0

LeFlore 0.9 2 .0 . 3.0 4.0 4.9 5.8 6.7 7.6

Lincoln 2.4 5.4 8.1 10.7 13.1 15.5 17.9 20.3

Logan 2.8 6.3 9.4 12.5 15.3 18.1 20.9 23.7

Love 0.9 2.0 3.0 4.0 4.9 5.8 6.7 7.6

McClain 0.6 1.3 2.0 2.7 3.2 3.9 4.5 5.1

McCurtain 4.6 10.3 15.5 20.5 25.1 29.8 34.3 38.9

McIntosh 0.2 0.4 0.7 0.9 1.1 1.3 1.5 1.7
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Table C-2-Ccntinued

County 1970 1980 1990 2000 2010 2020 2030 2040

Major 1.0 2.2 3.4 4.5 5.5 6.5 7.5 8.5

M arshall • 1.0 2.2 3.4 4.5 5.5 6.5 7.5 8.5

Mayes 9.5 21.2 32.0 42.3 51.9 61.5 70.9 80.3

Murray 1.3 2.9 4.4 5.8 7.1 8.4 9.7 11.0

Muskogee 11.1 24.8 37.4 49.4 50.6 71.8 82.9 93.8

Noble 1.6 3.6 5.4 7.1 8.7 10.4 11.9 13.5

Nowata 1.0 2.2 3.4 4.5 5.5 6.5 7.5 ■ 8.5

Okfuskee 0.4 0.9 1.3 1.8 2.2 2.6 3.0 3.4

Oklahoma * 68.9 154.1 232.4 306.7 376.3 445.8 514.3 582.3

Okmulgee 5.4 12.1 18:. 2 24.0 29.5 ■ 34.9 40.3 45.6

Osage 2.6 5.8 8.8 11.6 14.2 16.8 19.4 22.0

Ottawa 1.9 4.2 6.4 8.5 10.4 12.3 14.2 16.1

Pawnee 1.4 3.1 4.7 6.2 7.6 9.1 10.5 11.8

Payne * 10.9 24.4 36.8 48.5 59.5 70.5 81.4 92.1

P ittsb u rg 1.7 3.8 5.7 7.6 9.3 11.0 12.7 14.6

Pontotoc * 10.5 23.5 35.4 46.7 57.3 67.9 73.4 83.7

Pottawatomie 3.1 6.9 10.5 13.8 16.9 20.1 23.1 26.2

Pushmataha 2.3 5.1 7.8 10.2 12.6 14.9 17.2 19.4

Roger M ills 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Rogers 1.0 2.2 3.4 4.5 5.5 6.5 7.5 8.5

Seminole 2.5 5.6 8.4 11.1 13.7 16.2 18.7 21.1

Sequoyah 2.2 4.9 7.4 9.8 12.0 14.2 16.4 18.6

Stephens 4.5 10.1 15.2 20.0 24.6 29.1 33.6 38.0
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Table C-2- Continued

County 1970 1980 1990 2000 2010 2020 2030 2040

Texas 5.2 11.6 17.5 23.1 28.4 33.6 38.8 43.9

Tillman 2.6 5.8 8.8 11.6 14.2 16.8 19.4 22.0

Tulsa * 76.8 171.7 259.1 342.0 419.4 497.0 573.3 649.1

Wagoner 0.7 1.6 2.4 3.1 3.8 4.5 5.2 6.9

Washington 6.1 13.6 20.6 27.2 33.3 39.5 45.5 51.6

Washita 1.0 2.2 3.4 4.5 5.5 6.5 7.5 8.5

Woods 2.4 5.4 8.1 10.7 13.1 15.5 17.9 20.3

Woodward 2.5 5.6 8.4 11.1 13.7 16.2 18.7 21.1

STATE 391.3 875 1320 1742 2137 2532 2921 3307

* An ind ica tio n  fo r the la rg e s t seven in d u s tr ia l water usage counties 
in  Oklahoma.
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Table C- 3

I r r ig a tio n  Water Requirements

Projections fo r Counties

(In Thousands of Acre-Peet/Year)

County 1970 1980 1990 2000 2010 2020 2030 2040

Adair 1.842 3.1 3.8 4.4 5.7 6.9 7.8 8.8

A lfa lfa 3.359 5.6 6.9 8.1 10.3 12.5 14.3 16.1

Atoka 0.688 1.1 1.4 1.7 2.1 2.6 2.9 3.3

Beaver * 42.457 70.6 86.7 102.5 130.5 158.5 180.7 203

Beckham . 6.206 10.4 12.7 15.0 19.1 23.2 26.4 29.7

Blaine 3.038 5.1 6.2 7.3 9.3 11.3 12.9 14.5

Bryan 6.7 11.1 13.7 16.2 20.6 25.0 28.5 32.0

Caddo * 68.992 114.7 140.8 166.6 212.1 257.5 293.7 329.8

Canadian 5.434 9.0 11.1 13.1 16.7 20.3 23.1 26.0

Carter 2.997 5.0 6.1 7.2 9.2 11.2 12.8 14.3

Cherokee 4.872 8.1 9.9 11.8 15.0 18.2 20.7 23.3

Choctaw 1.301 2.2 2.7 3.1 4.0 4.9 5.5 6.2

Cimarron * 95.244 158.4 194.4 230.0 292.7 355.5 405.5 445.3

Cleveland 1.842 3.1 3.8 4.4 5.7 6.9 7.8 8.8

Coal 0.133 0.2 0.3 0.3 0.4 0.5 0.6 0.6

Comanche 2.957 4.9 6.0 7.1 9.1 11.0 12.6 14.1

Cotton 5.735 9.5 11.7 13.8 17.6 21.4 24.4 27.4

Craig 0.100 0.2 0.2 0.2 0.3 0.4 0.4 0.5

Creek 0.097 0.2 0.2 0.2 0.3 0 .4 0.4 0.5

Custer 8.491 14.1 17.3 20.5 26.1 31.7 36.1 40.6

Delaware 0.207 0.3 0.4 0.5 0.6 0.8 0.9 1.0

Dewey 2.747 4.6 5.6 6.6 8.4 10.3 11.7 13.1
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Table C-3- Continued

County 1970 1980 1990 2000 2010 2020 2030 2040

E llis 5.81 9.7 11.9 14.0 17.9 21.7 24.7 27.8

G arfield 0.675 1.1 1.4 1.6 2.1 2.5 2.9 3.2

Garvin 9.569 15.9 1'9.5 23.1 29.4 35.7 40.7 45.7

Grady 8.695 14.4 17.6 20.9 26.6 32.3 36.8 41.3

Grant 0.694 1.2 1.4 1.7 2.1 2.6 3.0 3.3

Greer 9.881 16.4 20.2 23.9 30.4 36.9 42.1 47.2

Harmon * 23.244 38.6 47.4 56.1 71.4 86.8 99.0 111.1

Harper 8.711 14.5 17.8 21.0 26.8 32.5 37.1 41.6

Haskell 0.003 0.005 0.006 0.007 0.009 0.011 0.013 i  0.01'

Hughes 4.54 7.5 9.3 11.0 14.0 16.9 19.3 21.7

Jackson * 57.105 95.0 116.6 137.9 175.5 213.1 243.1 273

Jefferson 0.579 1.0 1.2 1.4 1.8 2.2 2.5 2.8

Johnston 1.097 1.8 2.2 2.6 3.4 4.1 4.7 5.2

Kay 1.087 1.8 2.2 2.6 3.3 4.1 4.6 5.2

K ingfisher 5.304 8.8 10.8 12.8 16.3 19.8 22.6 25.4

Kiowa 6.954 11.6 14.2 16.8 21.4 26.0 29.6 33.2

Latimer 0.058 0.1 0.1 0.1 0.2 0.2 0.2 0.3

LeFlore 2.068 3.4 4.2 5.0 6.4 7.7 8.8 9.9

Lincoln 0.426 0.7 0.9 1.0 1.3 1.5 1.8 2.0

Logan 1.516 2.5 3.1 3.7 4.7 5.7 6.5 7.2

Love 2.224 3.7 4.5 5.4 6.8 8.3 9.5 10.6

McClain 4.064 6.8 8.3 9.8 12.5 15.1 17.3 19.4

McCurtain 1.132 1.9 2.3 2.7 3.5 4.2 4.8 5.4

McIntosh 0.013 0.02 0.03 0.03 0.04 0.05 0.06 0.06
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Table C-3- Continued

County 1970 1980 1990 2000 2010 2020 2050 2040

Maj or * 14.19 23.6 28.9 34.3 43.8 52.9 60.4 67.8

Marshall 0.301 0.5 0.6 0.7 0.9 1.1 1.3 1.4

Hayes 0.065 0.1 0.1 0.2 0.2 0.2 0.3 0.3

Murray 1.801 3.0 3.7 4.3 5.5 6.7 7.7 8.6

Muskogee 1.522 2.5 3.1 3.7 4.7 5.7 6.5 7.2

Noble 0.09 0.1 0.2 0.2 0.3 0.3 0.4 0.4

Nowata 0.026 0.04 0.05 0.06 0.08 0.1 0.1 0.1

Okfuskee 0.575 1.0 1.2 1.4 1.8 2.1 2.4 2.7

Oklahoma 1.916 3.2 4.0 4.6 5.9 7.2 8.2 9.2

Okmulgee 0.033 0.05 0.07 0.08 0.1 0.12 0.14 0.16

Osage 2.583 4.3 5.3 6.2 7.9 9.6 11.0 ’ 12.3

Ottawa 0.233 0.4 0.5 0.6 0.9 0.9 1.0 1.1

Pawnee 0.326 0.5 0.7 0.8 1.0 1.2 1.4 1.6

Payne 0.516 0.9 1.1 1.2 1.6 1.9 2.2 2.5

P ittsburg 0.221 0.4 0.5 0.5 0.7 0.8 0.9 1.1

Pontotoc 0.663 1.1 1.4 1.6 2.0 2.5 2.8 3.2

Pottawatomie 4.405 7.3 9.0 10.6 13.5 16.4 18.8 21.1

Pushmataha 0.328 0.5 0.7 0.8 1.0 1.2 1.4 1.6

Roger M ills 5.557 9.2 11.3 13.4 17.1 20.7 23.7 26.6

Rogers 3.12 5.2 6.4 7.5 9.6 11.6 13.3 14.9

Seminole 0.551 0.9 1.1 1.3 1.7 2.1 2.3 2.6

Sequoyah 1.727 2.9 3.5 4.2 5.3 6.4 7.4 8.3

Stephens 1.354 2.3 2.8 3.3 4.2 5.1 5.8 6.5
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Table C-3- Continued

County 1970 1980 1990 2000 2010 2020 2030 2040

Texas * 263.386 437.9 537.7 636.0 809.6 983.1 1121.3 1259.1

Tillman * 19.409 32.3 39.6 46.9 59.7 72.4 82.6 92.8

Tulsa 1.929 3.2 3.9 4.7 5.9 7.2 8.2 9.2

Wagoner 0.698 1.2 1.4 1.7 2.1 2.6 3.0 3.3

Washington 1.011 1.7 2.1 2.4 3.1 3.8 4.3 4.8

Washita * 13.494 22.4 27.5 32.6 41.5 50.4 57.4 64.5

Woods 1.985 3.3 4.1 4.8 6.1 7.4 8.5 9.5

Woodward 9.017 15.0 18.4 21.8 27.7 33.7 38.4 43.1

STATE 744 1287 1580 1869 2379 2889 3295 3700

* An indication, fo r the la rg e st nine ir r ig a tio n  water usage counties 
in  Oklahoma.
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Table 0-1

M u n ic ip a l and D o m estic  W ate r U e f |u irc n ie n ts  P r o j e c t i o n s  f o r  S e le c t e d  01 t i e s
( I I I  Million Gallons Per Day)

P o p u l a t i o n  K x l s t l n g  P lo w  P e r  C a p i t a
c i t y C o u n ty S e rv e d  * A vg A  MCI) Use *  gpcd 1980 1990 2000 2010 2020 2030 2040

Ada P o n t o t o c 13400 1 . 7 0 127 1 .8 3 2 .0 6 2 .2 8 2 .4 8 2 . 6 8 2 . 8 8 3 .0 7

A i t t i s J a c k a o n 23302 2 . 5 6 110 2 .  75 3. 10 3 .4 3 3 . 73 4 . 0 4 4 .  33 4 . 6 3

A lv a Woods 7440 0 .  70 94 0 . 7 5 0 . 8 5 0 . 9 4 1 .0 2 1 .1 0 1 . 1 9 1 .2 7

An ad a r  ko Caddo 6400 1 . 3 203 1 .4 0 1 .5 7 1 .74 1 .9 0 2 .0 5 2 . 2 0 2 .3 5

A rd m o re C a r t e r 36500 3 . 5 0 * * 96 3 .7 7 4 .2 4 4 .6 9 5 .1 1 5 .5 2 5 . 9 3 6 . 3 3

U a r t I c s v l l l e W a s h in g to n 20601 2 .4 4 82 2 . 6 3 2 .9 5 3 .2 7 3 .5 6 3 .8 5 4 .  13 4 .4 1

l l e th a n y U k iaho ina 26000 2 . 8 0 108 3 .0 1 3 .3 9 3 .7 5 4 . 0 8 4 . 4 2 4 .7 4 5 . 0 6

I l l a c k w e l l Kay «600 0 . 7 0 81 0 . 7 5 0 . 8 5 0 . 9 4 1 .0 2 1 .  10 , 1 .1 9 1 .2 7

l l r l s t o w C re e k 5500 0 . 6 0 109 0 . 6 5 0 . 7 3 0 . 8 0 0 . 8 8 0 .9 5 1 .0 2 1 .0 9

I l r o k e n  A r r o w i ' l i i s a 8000 0 .  72 90 0 .  77 0 . 8 7 0 . 9 6 1 .0 5 1 .1 4 1 .2 2 1 .3 0

Cli  1 >; k a u l i  aw G rad y 14194 1 .0 0 70 1 .0 8 1 .21 1 .3 4 1 .4 6 1 .5 8 1 .6 9 1 .8 1

C la r e m o r e R o g e rs 7500 1 . 30 173 1 .4 0 1 .5 7 1. 74 1 .9 0 2 .0 5 2 . 2 0 2 .3 5

C l i n t o n C u s t e r 9100 1 .0 0 110 1 .0 8 1 .2 1 1 . 34 1 .4 6 1 .5 8 1 .6 9 1 .8 1

C n a l i ln g Payne 8490 1 .9 2 226 2 .0 7 2 .3 2 2 .5 7 2 .8 0 3 .0 3 3 .2 5 3 .4 7

ra
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T a b l e  D - I -  C o n t i n u e d

P o p u l a t i o n  e x i s t i n g  P lo w  P e r  C a p i t a
c i t y C o u n ty S e rv e d  * Av r .*MGD *U se Rpcd 1980 1990 2000 2010 2020 2030 2040

D e l C i t y O k la l in ina 18000 1 .7 0 94 1 . 8 3 2 .0 6 2 . 2 8 2 . 4 8 2 .6 8 2 . 8 8 3 .0 7

D i i i ica i i S te p h a n s 18400 1 .6 0 87 1. 72 1 .9 4 2 .1 4 2 .  33 2 .5 3 2 . 7 1 2 . 9 0

D u r a n t B ry a n 20000 1 .5 0 75 1 .6 1 1 .8 2 2 . 0 0 2 . 1 9 2 . 3 7 2 .5 4 2 .7 1

HJnionit O k l  al iomu 1 7 700 1 . 70 96 1 . 8 3 2 .0 6 2 . 2 8 2 . 4 8 2 . 6 8 2 . 8 8 3 .0 7

K l  Kano Cainul Ia n 12000 1 .2 0 100 1 .2 9 1 .4 5 1 .6 1 1 . 75 1 .8 9 2 . 0 3 2 . 1 7

E l k  C i t y Beckham 8195 0 . 5 5 67 0 . 5 9 0 . 6 7 0 . 7 4 0 . 8 0 0 . 8 7 0 . 9 3 0 . 9 9

E n id G a r f l o i d 35 500 4 . 5 0 * * 127 4 .8 4 5 .4 5 6 . 0 3 6 .5 6 7 .1 0 7 .6 2 8 .1 4

C i i t l i r l a l .ogan 11000 0 . 6 0 55 0 . 6 5 0 . 7 3 0 . 8 0 0 . 8 8 0 .9 5 1 .0 2 1 .0 9

(iuynion T exa s 5500 0 . 6 9 125 0 .7 4 0 .8 4 0 . 9 2 1 .0 0 1 .0 9 1 .1 7 1 .2 5

l l u n r y a t  t a O km ulgee 5200 1 .0 0 192 1 .0 8 1 .2 1 1 .  34 1 .4 6 1 .5 8 1 .6 9 1 .8 1

i l o b u r t K io w a 5000 0 . 5 0 100 0 . 5 4 0 .6 1 0 . 6 7 0 . 7 3 0 . 7 9 0 . 8 5 0 . 9 0

l .a w tu n Comanclie 74000 9 . 0 0  *  * 122 9 . 6 8 1 0 .9 0 1 2 .0 5 1 3 .1 3 1 4 .2 0 1 5 .2 4 1 6 .2 8

M c A l a s t u r I’ l L t s k i i r g 18000 1 .6 5 92 1. 78 2 . 0 0 2 .2 1 2 .4 1 2 . 6 0 2 . 7 9 2 . 9 8

M ia m i Oc tow a 7254 0 .  35 48 0 .  38 0 . 4 2 0 . 4  7 0 . 5 1 0 .5 5 0 . 5 9 0 . 6 3

M l i lw a a t  C i t y O k lahonu i 38000 3 . 2 0 * * 84 3 .4 4 3 .8 7 4 . 29 4 . 6 7 5 .0 5 5 . 4 2 5 .  79

K>
t oo\



TAULIî D - 1 -  C o n t i n u e d

C i t y
P o p u l a t i o n  

C o u n t y  S e r v e d  *
E x i s t i n g  F lo w  

A v g . *  MCI)
P e r  C a p i t a  

Ose *  g p cd 1980 1 9 9 0 2 0 0 0 2 010 2 0 2 0 2 0 3 0 2 040

M o o re C l e v e l a n d 16000 1 . 0 0 62 1 . 0 8 1 . 2 1 1 .3 4 1 .4 6 1 . 5 8 1 .6 9 1 . 8 1

M u s k o g e e M usko g e e 3 8 0 0 0 6 .  7 0 * * 176 7 . 2 1 8 . 1 1 8 . 9 7 9 . 7 7 1 0 . 5 7 1 1 . 3 5 1 2 . 1 2

N or inun C l e v e l a n d 3 4 5 0 0 3 . 0 0 * * 87 3 . 2 3 3 . 6 3 4 . 0 2 4 . 3 8 4 . 7 4 5 . 0 8 5 . 4 3

U k lu l io m a  C i t y Ok I a h o m a 4 1 6 4 5 8 6 2 . 0 0 * * 149 6 6 . 7 0 7 5 . 0 7 8 3 . 0 3 9 0 . 4 4 9 7 . 8 6 1 0 4 .9 9 1 1 2 .1 3

O k m u lg e e O km u Ig e e 14 776 1 . 1 5 78 1 .2 4 1 . 3 9 1 . 5 4 1 . 6 8 1 . 8 2 1 . 9 5 2 . 0 8

l ' u u l s  V a l l e y C a r v l n 5769 0 . 5 2 90 0 . 5 6 0 . 6 3 0 . 7 0 0 . 7 6 0 . 8 2 0 . 8 8 0 . 9 4

l ’e r  r y N o h le 5 0 0 0 0 . 4 3 86 0 . 4 6 0 . 5 2 0 . 5 8 0 . 6 3 0 . 6 8 0 . 7 3 0 . 7 8

l ’ I  t t a l u i r g P I t t s h u r g 5 724 0 . 2 5 44 0 . 2 7 0 . 3 0 0 . 3 3 0 . 3 6 0 . 3 9 0 . 4 2 0 . 4 5

P o n ça  C i  t y Kay 2 8 0 0 0 2 . 2 4 80 2 . 4 1 2 . 7 1 3 . 0 0 3 .2 7 3 . 5 4 3 . 7 9 4 . 0 5

P o t e a u I.e F l o r e 5 5 0 0 0 . 4 4 80 0 . 4 7 0 . 5 3 0 . 5 9 0 . 6 4 0 . 6 9 0 . 7 5 0 . 8 0

P r y o r  C r e e k Mayes 6000 0 . 6 0 100 0 . 6 5 0 . 7 3 0 . 8 0 0 . 8 8 0 . 9 5 1 . 0 2 1 . 0 9

Baud S p r i n g s T u l s a 6 3 0 0 2 . 5 0 39 7 2 . 6 9 3 . 0 3 3 . 3 5 3 .6 5 3 . 9 5 4 . 2 3 4 . 5 2

B n p u lp a C r e e k 1 2 0 00 1 . 0 0 83 1 . 0 8 1 . 2 1 1 . 3 4 1 . 4 6 1 . 5 8 1 . 6 9 1 . 8 1

S e m in o le S e m ln o le 7700 0 . 8 0 104 0 . 8 6 0 . 9 7 1 . 0 7 1 . 1 7 1 . 2 6 1 . 3 5 1 . 4 5

Shawnee P o t t a w a t o 2 3 7 00 2 . 3 0 97 2 . 7 4 2 .  78 3 . 0 8 3. 36 3 . 6 3 3 . 8 9 4 . 1 6



T a b l e  1) - 1 -  C c i i i t i m i e d

P o p u l a t i o n  E x i s t i n g  P lo w  P e r  C a p i t a
C i t y C o u n ty S e rv e d  * A g *  HOI) U s e *  gpcd 1980 1990 2000 2010 2020 2030 2040

S t i l l w a t e r Payne 21351 5 . 5 0 *  * 258 5 .9 2 6 . 6 6 7 .3 7 8 .0 2 8 . 6 8 9 .3 1 9 .9 5

S u l  p l i i i r M u r r a y 5000 0 . 4 1 82 0 .4 4 0 . 5 0 0 . 5 5 0 . 6 0 0 . 6 5 0 . 7 0 0 .  74

T a h le q u a h C h e ro k e e 10000 1 .5 0 150 1 . 6 1 1 .8 2 2 . 0 0 2 .1 9 2 . 3 7 2 . 5 4 2 .7 1

Teoumaeh P o t t a w a t o 5500 0 . 1 6 29 0 . 1 7 0 . 1 9 0 .2 1 0 . 2 3 0 . 2 5 0 . 2 7 0 . 2 9

T i l l  sa T u l s a 416660 5 5 . 0 0 * * 132 5 9 .1 7 6 6 .  60 7 3 .6 6 8 0 . 2 3 8 6 . 8 1 9 3 .1 4 9 9 . 4 7

V I  111 t a C r a i g 5200 0 . 9 3 179 1 .0 0 1 . 1 3 1 .2 5 1 .3 6 1 .4 7 1 .5 7 1 . 6 8

W e a t h e r f o r d C u s t e r 8600 0 . 8 93 0 . 8 6 0 . 9 7 1 .0 7 1 .1 7 1 . 2 6 1 .3 5 1 .4 5

Wewoka S e m in o le 5900 0 .  50 85 0 . 5 4 0 .6 1 0 . 6 7 0 .  73 0 . 7 9 0 . 8 5 0 . 9 0

Woodward Woodward 9 0 0 0 0 .6 9 77 0 .7 4 0 . 8 4 0 . 9 2 1 . 0 0 1 .0 9 1 .1 7 1 . 2 5

w
l O
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19 76 d a ta

**TI»e l a r g e s t  i i i i i n l c i p a l  a n d  d o me s  1 1 r  w a t e r  u s a g e  e l  1 l e s  I n  O k l a h o m a .


