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Abstract:

The dramatic increase in the demand for and use of water in the United States in recent years has thrust
the problem of water transfer into prominence. Numerous studies have revealed that the existing
pattern of water use is seriously defective and that these defects could be corrected, at least partially, by
a process of water transfer between uses (say, from agricultural to industrial) and users (say, from
individuals to public districts). The basic objective of this study is to analyze the economic implications
of water transfer, to identify the institutional handicaps which impede the optimum transfer of water,
and finally to suggest measures to remove these institutional barriers, all in terms’ of Montana's current
water situation.

Montana is currently using less than half of its water. The competition for this unused water, from
downstream users on both the Missouri and Columbia, is steadily rising. There is also the threat posed
by the possibility for inter-basin transfer.

The current pattern of water-use in Montana is far from optimal.

From an economic standpoint, the use of a larger quantity of water for recreation purposes is much
more profitable than its use for irrigation. There is also a strong case for increase of industrial uses of
water.

There is a pressing need for institutional reforms. The water laws currently existing in Montana impede
ideal water transfer, and hence need drastic revamping. The creation of conservancy districts in the
State is another measure to be implemented. Other institutional factors hampering Montana's water
development are the antipathy and/or apathy toward federal involvement in the state's water resource
development, and the long-standing controversy between conservationists and "dam-builders".

There is considerable scope for extensive research on a number of problems relating to Montana's
water resource development. Some possible areas of research could include the preparation of a
complete inventory, of the water supply and demand data for the state, detailed projections of future
water needs for the different water-using sectors, extensive studies of Montana's vast, untapped
water-based recreation potential, and an inquiry into specific-measures to restructure Montana's
legal-institutional complex, Montana's university-based Joint Water Resources Council, in cooperation
with a number of Departments and the Agricultural Experiment Station at Montana State University
(Bozeman), the University of Montana Law Center (Missoula), and other agencies could undertake a
number of fruitful investigations of an inter-disciplinary nature.



)7

THE ECONOMICS OF WATER TRANSFER: .AN INSTITUTIONAL APPRAISAL
(With Special Reference to Montana) '

By

Chennat Gopalakrishnan

A thesis submitted to the Graduaté Faculty in partial
fulfillment of the requirements’ for the .degree

of
DOCTOR OF PHILOSOPHY
in

Agricultural Econbmics

Approved:

Chairman, Examining Comfittee

Dean; Graduate Division

MONTANA STATE UNIVERSITY"
Bozeman, Montana

March, 1967




AC KﬁOW’LED GMENTS

The author owes a deep debt of gratitude to a number .of people.who
have helped him in the preparation of this thesis.

Special thanks go to Dr. Helmer C. Holje, the chairman of the author’'s
graduate committee -as well as his major.advisor, for his help and guidance
throughout three years of graduate work. Sinceré appreciation also goes
to Dr. Clarence W. Jensen and Dr. Layton S. Thompson for their valuable
advice and sugggstions. Thanks are élso extended to Dr. ﬁana H; Myrick.

The author grateful}y acknowledges his indebtedness to Dr. John L.
Fischer, the former chairman of.the Department of Agricultural Economics,
for making it pbssible for the author to do.gra&ﬁate‘study by awarding a
research assistantship, and also for his numerous acts of kindness.

Thanks are also due -Peggy L. érisamer and June H.lMumford for the
patience and care with which they typed this thesis.

To the ‘author's wife; Malini, goes special ap@reciatioﬁ for hef

encouragement and assistance.

ii




VITA. .« « v o o o v v o o
ACKNOWLEDGMENTS . . . . . ..
LIEST OF TABLES. .. ... .+ . .
LIST OF FIGURES . . . v . .
ABSTRACT. . . &« v ¢ ¢ + & &

PART I -~ WATER TRANSFER: A

CHAPTER I.
Introduction. .-. . . . .
Background... . . . & . -

A, Trends in Demand. .
B, Trends in Supply. .

The.-Problem Defined . . . -.

Basic-Objectives., . . . .
Justification ... ... . .

TABLE OF CONTENTS.

THEORETICAL APPRAISAL

NATURE AND SCOPE-OF THE STUDY . . . .

Major Sources of Information. . . .« « « o « « .

Plan of Dissertation. . .

CHAPTER II.
Introduction. « « « « « .

THE ECONOMICS OF WATER TRANSFER. . .

‘e . . L] ° . L] . . L] .

Theoretical Basis for Resource Allocation . . .
The Concept of Proportionality. . . . . .-
The Economic-Sense .of ‘Proportionality-. . . .
The Equi-Marginal Principle . . . . . . « . .

Applieation to Water Pricing. . . + + « . . '

Economic Development and Water Transfer . . .

Allocation -of Water Among

"Competing Uses.

A, The Market.for Water Rights . . . . . . .
B. The Problem of Pricing. . . . . . . . .

Water Transfer:

CHAPTER III.
Introduction, .-. . . . -
Water Laws: Theory . .

Water Rights. . . . . .
The Riparian Doctrine .

Efficiency Vs. Equity. . . . .

The Appropriation Doctrine. . . « ¢« ¢ + « & &

Water Laws in the Western
General Survey. = ... .
Surface Water Rights. .
Ground Water Rights . .

States:

‘e . . o 3 . . ¢« e . .
. . . . . o . . . .

Water Rights and Water Tramsfer . . . . . . +

The Riparian Doctrine .

The Appropriation Doctrine, . « . « + o« « o .

THE LEGAL FRAMEWORK: A CRITICAL -APPRAISAL. .

Page
i
. ii
. vi
. vii
Vil
1
. 2
2
2
2
. 15
. 19
20
.21
. 22
. 23
. 25
. 25
. 25
. 26
. 28
. 29
. 30
.32
. 39
. 39
42
. 48
. 52,
. 52
. 52
. 53
. 53
. 56
.- 60
. 60
. 63
. b6
. 74
.- 75
.. 76




TABLE OF CONTENTS
(Cont.)

PART II - MONTANA'S WATER TRANSFER ECONOMIC AND
DIMENSTIONS: . ¢ o o v e e o « o o s o

CHAPTER IV. WATER TRANSFER IN MONTANA: ECONOMIC
Introduction. « « o « ¢ o o« o o 4 60 o & e 4
Current Water Situation in Montama... . . . . .

Supply of Water . . + « o + ¢ ¢ e o & o« o o

Surface Water « « o o o o o o o o "¢ o o o2’

Ground Water. . « « &+ o o « o0 o s o o o
Demand for Water. « o « o o« o « o o o o .6 o ‘s
Current Pattern.of Water Use. . . . . v . .
The- Case for Water Transfer in Montana. . ... .

Future Pattern of:.Water Use in Montana. . . . . -

Population Growth.-. . -« + ¢ ¢ « ¢ & o o .
Irrigated Agriculture . . . . . . o . . . &
Flood Control o v v & v o o o o o o o « o &
Power Development . . . « « ¢« o « & o o o .0
Industrial Use of Water . « « v o 0 o o o -»

Water-based Recreation., . « « « & ¢ ¢ « « o

Guidelines for Action . . « + ¢« + ¢ ¢ o « ¢ + &

CHAPTER V. MONTANA'S WATER RIGHTS. . . . . . . .
Introduction. + o fo o o o o s o o o 8 o o s o o
Evolution of Montana Water Laws . . « « « ..
Surface Water LawsS, + o « o o o o '« o o o o o o

Nature of Water Use . o « +o o & o o "6 o o o o
Conservation of Water . o o o « & o & o o .0 &
Property Rights in Water. . . . « o « « v & &
Acquisition of Water Rights . . . . . . . . .

Unadjudicated Waters. . . « .o 'e .o o s o .o o

Adjudicated Waters. . « «.c oo o s s o o .0

Protection of Water Rights. . . . « « « ¢« « o

Loss of .Water Rights. « « + ¢ v o « o ¢ o ¢ o
Abandonment . o o e 4+ 4 o 0 e e e e 4 s e o

Prescription. « « o o.¢ o o o o o0 o s e

. Estoppels o 4 6 46 oo e s e b ee o wce o e
Ground Water LaW. = o o 'c o o o c o ¢ o s s a =
Background. . .+ « « ¢ 4 o6 o o o s e o o+ o e
1961 Ground Water Law « +« « o o o o o o o o o
Other Legal Institutions. « « « « s « o o & + &
Water Users' Associations . « « « ¢« v o ¢ & &
Irrigation Districts. « « « o o &+ o ¢ o o o &
Critical Evaluation . . . « o & &« & ¢ ¢ o o ¢ o

iv

I - = -

Page
INSITUTIONAL
... « v« .. 78
ASPECTS . . . . . 79
e e e et e e 19
e e e e e e .. 82
B -7/
S - 4
.. . o . . 83
e e e e e e e . . 86
. e e e e e s .. 86
e e e e e e e 91
e e e e e .. 94
G ee se e e e 95
e e e e e e .. 96
“ .. .« . . . 100
. e . . . . 100
e e e e e e .. 101
e e e e e e e . s 104
.. . . . . 108
e e e e e e ..o 112
T &
S 2
T )
. e e e .. 114
o e e e e e e .. 116
S
S &
S &
C e ee e e ele o 119
e oo e e ee e 121
S 2 §
e e e e e e e . 121
e e e e e s e e . 122
e e e e e e e e w122
. . o o .. 122
S /A
e e e . . 124
e e e e e e o . 126
e e e e e e e .. 126
e .. . . 126
e e . o . . 128




TABLE OF CONTENTS
(Cont.)

CHAPTER VI. OTHER INSTITUTIONAL FACTORS. . .+ + « « &« o & « « » « « » 133
Introduction. « +« & o & o o & & o o ¢ o o o o o o o o o s+ o « o « . 133
Conservancy Districts . o ¢ o & ¢« v o o o o« o ¢ o o o o « o o o« o o 133
Role of Federal Government. « « « « o« ¢ « o s o o » s o =« « « o o« & 136
Administrative Bottlenecks. . + « ¢ « ¢ « ¢ o s o o s o « o + o « & 138
Conservation Vs. Dam Building . . . . « « « ¢« ¢« + ¢« ¢ ¢ ¢ « « « « . 139
Conclusion. « o o v ¢ ¢ v ¢« o v 4 o 4 4 4 e b e e e e e e e .. 141

CHAPTER VII, SUMMARY AND CONCLUSIONS . ¢« « « ¢ &+ o o o « & o o o o« o 142
SUMMATY « « « « o o o o o o o o o o o o o o o o s o o o o o o o o o 142
Economic Implications . . 4 &« & &+ & « & o 4 & o o o o o o o o o o 143
The Institutional Framework « « « « ¢ « « v & « o « o o o o & « o 145
Montana's Water Situation . « « ¢ ¢ v ¢« ¢ &« 4« o o o « o o o o« + o 146
Economic ASPECES: « « & & & & o & s o o o o o o o o« o« o+ « o+ o o 146
Future Pattern of Demand. . . « + v v &« & o &« o o s s o o« o & o 147
Legal ASPECLS + o« o « & 4 o o o o o o o o s o o o o o o o o o . 147
Other Institutional FactorsS « « o « o « « & o s o o o o o o « o « o 148
Major Conclusions « « « o o« 4 o s o o s s+ o o 4 o o o 4 o s+ o o o . L48
Some Areas of Possible Research . . . « « « o o & & « o & « o o o % 150

APPENDICES. + & & o ¢ & « o o o o 4 o o a.o o o o o o o o o o o « o « 153
Appendix Ac v o o v 4 4 4 e 4 m s e e s e e e e e e e s e s e o0 . . 154
Appendix B. + o o o + o + 4 4 4 4 4 s 4 4 e 4 4 4 4 e o s o o e-s « L58
ApPendixX Co « o o o s o o o o o o o o s o o e e . . . e e . . . . 164

LITERATURE CITED. . . .« &« « & ¢ o« ¢ o o o o o o o & o o o o o o o o & 167




Number

IT

IIT

Iv.

VI

VII

VIII

IX

LIST -OF TABLES

TOTAL REQUIREMENTS IN THE UNITED STATES FOR WITHDRAWAL

AND CONSUMPTIVE USES OR DEPLETION

FROM STREAMFLOW. . .

STREAMFLOW IN THE UNITED STATES. . & &« « o « « & o« &

AGRICULTURAL USES AND SOURCES OF WATER'IN 1960 FOR THE
UNITED STATES,; EXCLUDING-ALASKA AND HAWAII ¢ e e wre e

GROWTH OF MANUFACTURING INDUSTRIES IN THE ‘'UNITED STATES,

1947=-1954, « v v 4 v i e i e e e e e e e e e e e e

INSTALLED CAPACITY AND AVERAGE YEARLY POWER OF EXISTING

PROJECTS IN MONTANA. . . . . .

Ty

INSTALLED CAPACITY AND AVERAGE ANNUAL POWER GENERATION

OF UNDEVELOPED POWER RESOURCES IN

MONTANA.  » « &+ + & &

GROSS BASIC INCOME IN MONTANA, 1950 and‘l962 (VALUE

EXPRESSED IN THOUSANDS OF DOLLARS,

WHICH IS GIVEN IN DOLLARS, PERCENTAGE FIGURES REPRESENT

EXCEPT PER CAPITA,

THE- SHARE IN TOTAL GROSS BASIC INCOME) . . + « + o + &

PERSONS EMPLOYED BY MAJOR INDUSTRY,'1960-. e e e e s e

KINDS AND NUMBER OF SPECIAL DISTRICTS IN THE UNITED

STATES AND MONTANA . . . . . . .

vi

12

90

92

97

102

‘134

)



Figure

10

11
12
13

14

15

LIST OF FIGURES

Water Withdrawals and Consumptive Uses in the United

. States for Various PUXPOSES: + + + '« o & o ¢ o o

Streamflow USeS. « v "¢ e v o 2 o o o o 6 o o o o

Sources of Water for Irrigation in the United States . .

World Water Cycles +v v v o o o o o 0 o o« o o o o =

Water Demand Vs. Supply. . « v « o o« ¢ ¢ ¢ o 2.0

o o

The Law of Diminishing Returns and Stages in Productionm,

Cost and Returns Relationship and,Profit-Maximization. .

Marginal Cost.and Average Cost’ ‘Pricing for Case of
Decreasing Average COSts.c « o ¢ ¢ o o « o oo «

Marglnal Cost.and Average ‘Cost’ Pr1c1ng for Case of
Increasing Average CoSt. « &+ o"¢ & o o6 o & 4o 4 4

Example Showing Priorities in Appropriative Rights”

the Appropriation Docttine .-. . . . . « ¢« ¢« « .o
An Example of.Prior Appropriation. . . . « . ¢« . .
Mean Discharge of Principal -Streams. . . . . . . .
Mean Annual Runoff, in Inches (generalized). . . .

Map Showing Real Distribution of . Water-bearing
Unconsolidated Rocks and Potential Well ‘Yields . .

Proposed Recreation Regions in Montana.. . . . . .

vii

Page

11
16
17
27

29

45

47

58
70
83

85

87

109




ABSTRACT

The dramatic increase in the demand for and use of water in the United
States in recent-years has thrust,the problem of ‘water transfer into
prominence.. Numerous studies have revealed that the existing pattern of-
water use is seriously defective and that these defects could be corrected,
at least partially, by a process of water transfer between uses (say, from
agricultural to industrial) and users (say, from individuals to public
districts). The basic objectivé of this study is to analyze the economic -
implications of water transfer, to identify the institutional handicaps
which impede the optimum transfer of water, and finally to suggest measures
to remove these institutional barriers, all in terms of Montana's current
water situation.

Montana is currently using less than half of its water. The competi-
tion for this unused water, from downstream users on both the Missouri
and Columbia, is steadily rising. There is also the threat posed by the
possibility for inteir-basin tramsfer.

The current pattern of water-use in Montana is far from optimal.
From an economic standpoint, the use of a larger quantity of water for
recreation purposes is much more profitable than its use for irrigation.
There is also a strong case for increase of industrial uses of water.

There is a pressing need for institutional reforms. The water laws
currently existing in Montana impede ideal water transfer, and hence need
drastic revamping., The creation of conservancy districts in the State is
another measure to be implemented.  Other institutional factors hampering
Montana's water development are the antipathy and/or apathy toward federal
involvement in the state's water resource development, and the long-
standing controversy between conservationists-and "dam-builders".

There is considerable scope for extensive research on a number of

problems relating to Montana's water resource development. Some possible
_areas of research could include the preparation of a complete inventory.
of the water supply and demand data for the state, detailed projections
of future water needs for the different water-using sectors, extensive
studies of Montana's vast, untapped water-based recreation potential,

and an inquiry into specific measures to restructure Montana's legal-
institutional complex. Montana's university-based Joint Water Resources
Council, in cooperation with a number of Departments and the Agricultural -
Experiment Station at Montana State University (Bozeman), the University
of Montana Law Center (Missoula), and other agencies could undertake a
number'of'fruitful.investigations of an inter-disciplinary nature.
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PART I

WATER TRANSFER: A THEORETICAL:APPRAISAL




CHAPTER I
NATURE AND SCOPE OF THE STUDY

Introduction

The ever-increasing demand for water, coupled with its comparatively
limited supply, has made water an '"ocean-sized' problém in the United
States in recent years. The situation is écute; especially in the chroni-
cally water-short Western states. The enormity of.the problem will
become all -the more’clear when we.examine.closely the sharp increase in
the demand -for and use of wéter in the past few years and relate it to the
potential for increasing water supply. . The discussion that follows
demonstrates that the demand for water for different uses has been
increasing at-a much faster pace than the -increase-in supply, particularly
in the Western United States.. This imbalance in the supply-demand situa-
tion has.precipitated-a‘"water’crisis" ﬁecessitating the adoptien of a
"series of measures, an important ,one being the transfer of water between
uses and.users. The-basic -purpose of this measure is to: correct the
present situation and te insure a more efficient use of:the limited water
resources., Before thé implications of this policy are analyzed in detail,
the background of the water problem should.be examined-in terms of the

trends. in'supply and demand over the past several years,
Background

A, Trends in Demand

The- total water use in the United.States increased from 40 billion

gallons per day in 1900 to about 300 billion gallons per day in.1960.
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According to.one estimate; Americans who, use 355 billion gallens of water
a.day at present, will increase their requirements to more. than 600*billion--
gallons a-day by 1985, 1/: By the.year.2000, the total water use is expected
to reach a trillion gallons a day.

The most authentic estimates ;reﬁthése.published by the Senate Select’
Committee on National Water Resources (1961). 2/ According to.these
estimates ‘(based.on medium projections of popﬁlat#on increase), by 1980
demand on the nation's water resources will almost double, and it will
triple.by the year 2000. Thus, demand is projected to increase te 559
billion gallens a-day or 51 percent.of streamflo% by 1980 and to 81 percent .
of streamflow by tﬁe year 2900.‘
| By 1954, the average remaining.streamflow in,the United Stateé exclu-
sive of Alaska and Hawaiig waé-about 1,100 billieﬁ gallons a day. Demand
for withdrawal'of 300 billion -gallons a-day was thus about.equal to 27
pércent-of streamflow in. 1954, It must, héwever, be .remembered that
these figures represent withdrawals, and that most.of.thisﬂwater is-returned
to the stream, and.,can be reused many times, érovided measures are taken:
to preserve its -quality.

The-with&rawal of water has to be distinguished clearly from consump-
tive uses, or losses, for the different purposes. These range from about.
60 percent of the water withdrawn for’ifrigation dowvn to a fracﬁion“of~one

percent .of water diverted for steam-electric power cooling, which under

1/ Time, (Chicago: October 1l; 1965).
2/ Select Committee on National Water Resources, Report No. 29,

" (Washington, D. C.: 1961), p. 4.
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present methods;of»useg would require the largest withdrawal.of water
before 1980. The supply-demand studies project an increase in consump-
tive uses -from 109.5 billien gallons daily-in 1954, to 119.3 billion
gallons daily by 1980, and 156.3 billion gallonq daily by.the yeaxr 2000.
This is shown in Table *I. Thus, projected consumptive uses of water
diverted from.streams or underground.sources range from an amount less than
10 percent of streamflow in 1954, to 11 ,percent in 1980, and about-1l4 per
cent in the year 2000. In addition to this, conservation -practices for
watershed improvement -may.lead to increases_in-evaporation, primarily from
the surfaces of small reservoirs. Also, maintenance, of additional swamps
and -wetlands for production of.wildlife would increase evaperation and
transpiration losses. Projectéd increase in depletion from streamflow
resulting from-fhese'onsite uses are shown in-Table I. No figures are
given for 1954 depletions, since natural depletion for these purposes is
already reflected in the - 1,100 billién gallons per day estima£e~of.remaining
streamflow.

The total of consumptive uses .and depletions is-estimated to be 190
billion gallons daiiy, or about"-17 percent of aVailablé streamflow in-
1980, and 253.2 billion gallons daily, or nearly 23 percent, in the year
2000. The relationship of withdrawals and consumptive uses and depletions
for the ‘different purposes:-is represented in -Figure-I.

Further, enormous quantities of water are-required in the flowing streams
for the genération-of hydroeléctric power, navigation, recreation, fish
habitat, and pollution abatement. Table II gives the projections of the

streamflow ‘uses.




TABLE I. TOTAL REQUIREMENTS IN THE UNITED STATES FOR WITHDRAWAI AND CONSUMPTIVE USES OR
~DEPLETIONS -FROM- STREAMFLOW. (Billioms-of-Gallons Daily.)
1954 a/ 1980 2000
‘Net con- Net con- Net con-
sumptive sumptive sumptive
uses or uses or. uses or
depletions depletions depletions
Purpose Gross from Gross from |Gross from
fwith=...... stream- with- ~ stream— Wwith- stream-
‘Idrawals . flow drawals flow ldrawals =~ flow
Diversion:. ]
Irrigation" 176.1 103.9 167.0 104,5 184.5 126.3
Municipal 16.7 2.1 28.6 3.7 42.2 5.5
Manufacturing 31.9 2.8 101.6 8.7 229.,2 20.8
Mining 1.5 3 2.7 .6 3.4 .7
Stream electric power cooling 74,1 4 258.9 1.7 429.4 2.9
Subtotal, withdrawals and
consumptive -uses’ 300.3 109.5 558.9 119.3 888.4 156.3
Onsite Uses: :
Watershed improvement programs - - - 4.0 E/ - 7.0 b/
Swamps - and ‘wetlands for wildlife ¢/| -- - - 66.7 b/ — 89.9 b/
Subtotal onsité depletions - - - - 70.7 - 96.0
Total of consumptive - and .
depletlons — -= - 190.0 - 253.2
Source: Seiec‘t Committee 'oﬁ Nai:iona'l Water Resources, Reéport No. 29, (Washingten, D. C.: 1961).

* a/ The year 1954 was used’ as the base .year for the supply.demand studies because it was the
last for which :statistics on water use.has been complled

" b/ Inceease-over 1954 depletions for these purposes.

Ej Includes also othei” depletions for fish and wildlife, such as consumptive use of water by

fish hatcheries.
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Figure 1. Water Withdrawals and Consumptive Uses in the United States
for Various Purposes.

Source: Select Committee on National Water Resources, Report No. 29,
(Washington, D. C.: 1961), p. 7.

NOTE: Except for the quantities consumed, the same water can be with-
drawn and re-used many times, provided its quality is maintained.

1/ Maximum low: flow before depletions from use but after estimated
evaporation losses from added reservoir capacity.

2/ Onsite depletions not shown for 1954 because they have already been
subtracted from average flow. :
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TABLE II. STREAMFLOW IN THE UNITED STATES

(Billions of Gallons Daily) 

1954 1980 2000
Hydroelectric Power. 374.0 616.0 636.5
Navigation 281.0 238.4 221.4
Sport Fish Habitat 78.0 171.0 241.4

Dilution for Pollution Abatement NA* 332.2 446.5

Source: Select Committee on National Water Resources, Report No. 29,
(Washington, D. C.: 1961) p. 8.

* No figure is given.for dilution requirement for pollutioen abatémént
in 1954 gince no such specification existed at that time.

Figure 2 gives a diagrammatic-representatioﬁ of-streémflow uses
enumerated in Table II.

The' current pattern of demand will reveal that agriculture is by far
the most important single use of water, 3/ Thus, agriculture now uses
107 to 119 million acre feet per year, or 40 percent of all withdrawals.
Agricultural uses inﬁlude, in addition to irrigation, withdrawals for
livestock.and household.purposes. The significanée of agricultural uses
stems from it being the most consumptive of all water uses. Table III
shows some salient characteristics of thé agricultural uses and sources

of water.

3/ United States Department of Agriculture, Land and Water Resources (A
Policy Guide), (Washington, D. C.: May 1962), pp. 28-29.

o
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TABLE III. AGRICULTURAL USES AND SOURCES OF WATER IN 1960 FOR THE UNITED
STATES, EXCLUDING ALASKA AND HAWAII. a/

Annual Use
Use and Primary _ , " Other Total Percent
Source of Rural Agricul-  of
Supply Livestock Domestic Irrigation tural Total

Million Million Million Million
' acre-feet acre-feet acre-feet acre-féet’
Withdrawal:

SULFACE.ccerosonsnseonnees 0.78  0.11 75.14 76.03 70
GrOUund. .o seoeoeeonsonsoess 1,01 2.13 27.79 . 30.93 30
TOtaloessvooroonosssaons La79. 2.24 102,94 b/ 106.96 100
Consumption:
All, . euuveeeuononnsaonnoass 1.68 1.34 49.32 ¢/ 52.34. 100
Percent Percent = Percent Percent

Percentage of withdrawal.. 93 60 48 d/ 49 --

o

Source: United States Department of Agrlculture, Land and Water Resources
(A Policy Guide), (Washington, D..C.: May 1962), p. 30

a/ Unless otherwise indicated these estimates aré from Kennéth A. MacKichan
and J. C, Kammerer. Estimated Use of Water in the United States, 1960,
United States Department of the Interior, Geologlcal Survey Circular
456, Washington, D. C., 1961.

b/ Per-acre requirements as indicated by MacKichan and Kammerér -in a/

' above applied to 33.75 million acres irrigated in 1960, with the
estimate of acreage irrigated based on trémds reported by the .
Bureau of the Census since 1939.

¢/ Excludes an unknown portion of reservoir evaporation attributable to
storage for irrigation purposes.

d/ 1If based on direct farm application rather than total withdrawals,
consumptive use.in irrigation ranges near 60 percent.




- 10 -

The Table indicates -that irrigation accounts for a.major share of
the total.agricultural.demand for water. Thus, in.1960 out of a total
agricultural demand for water of 106.96 million acre-feet, irrigatioen
alone accounted for 102.94 million acre-feet. What is more, irrigatien
represents a highly consumptive use of water--48 percent of the withdrawal
in 1960. TFigure-3 depicts the majof sources of water for irrigation in
the United States and also the steady increase in-the amount of land
brought -under irrigation.

Trends aqver the 20-year period under considefation show averagé
annual increases of about 2 million adcre-feet in water withdrawals for
irrigation and‘Owd million acre-feet in consumptive use.. Studies have
also revealed that irrigation from groundwater in relatien to surface.
water has,registefed a steady and significant increase since 1939 (see
Figure 3). Thus, in 1939 only 17 percent of the irrigated acreage in
the United States was-served by ground water as against 44 percent in
1960. .

The gbove.pattern of water -use is, however, undergolng. rapid change.’
Wollman has estimated the supply and demand requirements for water in the

~United States for the years 1980 and 2000. These projections are included
in a report on the prospective supply of and demand for water prepared for
the Senate Select Committee on National Water Resources. 4/ The report-

draws attention to a steady and sharp growth of mantfacturing industries

4/ Wollman, Nathaniel, A Preliminary Report on the Supply.of and Demand
"~ for Water in the United States as Estimated for 1980 and 2000,
(Washington, D. C.: Resources for the Future, 1961).
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Figure 3. Sources of Water for Irrigation in the United States¥*

Source: United States Department of Agriculture, Land and Water Resources,
~ (Washington, D. C.: May 1962), p. 30.
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using large quantities of water. Thus, between 1947 and 1954, the major

water-using manufacturing industries grew as shown in Table IV.

TABLE IV. CGROWTH OF MANUFACTURING INDUSTRIES IN THE UNITED STATES, 1947-

1954.
(Index of Production: 1947 = 100)

- 1954
Pulp and Paper 133
Chemicals . 153
Petroleum Refining . i40
Primary Aluminum S _ 247
All Manufacturing | 127
Food 105
Pig Iron and Steel ‘ 107

Source: Wollman, Nathaniel, A Preliminary Report :on the Supply of and -
Demand for Water in the United States as Estimated for 1980_
and 2000, (Washington, D. C.: Resources for the Future, 1961).

The study by Wollman also reveals that household use of water has
begn growing at .a rate fér in excess of -population growth. Per.capita.
urban use exceeds per capita rural use; and because a.larger proportion
of the United States population is beceming urban, urban per capita
use of water has been consistently increasing.

According to Wollman the major water—depleting uées in the years
ahead would be frrigated agriculture and the provision of swamp and

wetlands for wildlife, primarily water fowl. Major quantities of water
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will be required for dilution .of effluent -from sewage treatment plants
handling household.and industrial wastes. On -account of the fantastic
increase in the volume of wastes disposed of .in rivers, an improvement in °
the degree of '‘treatment will be required in order to meet -the estimated
water quality requirements for the .preservation of aquatic life. - By 1980
only nine regions would have enough water supply to maintain the minimum
stipulated levels of waste treatment; i.e., 70 percent for municipal and
50 percent for industrial wastes, with maximum sustained -flows. In the
remaining 13 .regions, minimum levels of treatment would range -between 70
and 97 1/2 ‘percent,

These facts show that the problem of water pollutien has at present
assumed alarming proportions. 5/ - The ‘Hudson is today, in the words of.
the New York City Board, "an open, running sewer'. As one report describes
ite

United States rivers and streams, like the muddy Missouri,

used to be contaminated with nothing worse than silt, some -

salt, and the acids from mines. Now they are garbage dumps.

Raw sewage, Scrap paper, ammonia-compounds, toxic chemicals,

pesticides, oils and grease balls as big as a human fist-—-

these .are the unsavory contents of.thousands of mlles of

United States waterways. 6/

As a result, far too large a percentage of withdrawn water returns

to the source in a condition that makes it .less than fully usable by others.

And this poses a serious challenge.

5/ Water, a Power Special Report; (New York: June 1966), pp. 22-26,

6/ Time, (Chicago: October 1, 1965).
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Another significant factor that will lead to a prenounced-increase 'in
the demand for water in the -future is water-based recreation..7/ Taking
into account -estimates. of future increases in,travel,-éersonal income,
and leisure time, and future population growth, the Park Service estimates
that visits to national parks will .increase from 63 .million in 1950 to
240 million by 1980, and te well over 400 million by the -year 2000. it
is, further estimated that visits to national parks, national forests, -
state parks and county and municipal parks will reach .8 billion per year
by 1980 and .13.4 billion by the year 2000, Domestic water needs will
require an estimated withdrawal of 63.7 billion gallons‘of‘watef in
national, state, and county parks by 1980, and 101.8 billion in - the year
2000. - Water-based. recreational activities like swimming and bopating will
involve .further use of water, quantitative estimates of which are not.
available,

The foregoing analysis demonstrates that  -the demand for water for
non-irrigation uses has been increasing at a steady rate in the recent
past and ‘that :this trend will continue at an accelerated pace in the
years .ahead. It also points up the significant ‘fact .that a number of
non-irrigation demands for water have .been emerging in ‘recent years. - All
evidence leads ‘to the conclusion that these-non—irrigation.demands for

water will continue to register a rapid increase in the future.

7/ Outdoor Recreation Resources Review Commission, Outdeor Recreation
for America, (Washington, D. C.: January 1962).
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B. Trends in Supply

It is against the background of steadily soaring demand for water
that the other facet of the pfqblem, supply, is to be examined. The
basic problem, the "crisis in water", stems from the inexorable fact -
that the supply of water, in an absolute sense, is limited.

The earth has exactly as much water now as it ever had: no

less, but no more.- Unlike any other resource, the 326 million

cubic miles of water are not used up. In nature's familiar,

never ending cycle, water falls to earth as precipitation, seeps

underground, flows 'into lakes and streams, and rushes toward

the -oceans. Sooner or later, it evaporates back into the

air or is given-.up by plants in the process of transpiration.

An acre of corn gives off to the air about 4,000 gallons of

water each day. In time the water returns to the earth

again in the form of rain and snow. 8/

The entire process is graphieally illustrated by Figure 4 on the world
water cycle.

The gravity of the situation is revealed when the projected with-
drawal depletions, together with a'rough idea of flow and on-site require-
ments, are compared with the total availability of water. Irrigation, as
we have already seen, is the nation's heaviest single withdrawer and
consumer.of water. The figures released by the United States Geological
Survey reveal that the 17 western states use about 77 bgd (billion gallons
per .day) for irrigation..

The distribution of the nation's average runoff of 1,250 bgd between

West and East 'is represented by Figure 5 (the runoff -is the water left

after evaporation and plant transpiration have taken their toll of the:

8/ Tine, op. cit., p. 79.
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average precipitation of 4,300 bgd). On -account of irrigation losses,
which probably cannot-be reduced markedly, the West's consumptive use of
50 bgd -is .over.seven times that ‘of the East. . This, again reveals that
irrigation is the major single element in the nation's consumptive use
of water. And the .fact that irrigation constitutes the :most.important
water demand in the West has drawn the West much ‘closer.to the estimated
limits of its potentially -(i.e., economically) available 'supply than is
the East. 9/ .

The case for the transfer of water:between.uses.and users stems from
the assumption ‘that the pattern of ‘water demand in the future will be .
distinctly different from what it is today, especlally in the arid .and
semi-arid regions of the Western states. At present, as stated.earlier,
a very significant proportion of the water supply of.the Western states,
is used for irrigation. This resulted in an estimated total withdrawal
depletion in 1960 in the West more than foeur éimes what it was in the East.
Another- factor which adds to the complexity of ‘water supply in the West.
is the unequal distribution throughout.the sub-regions. -.The West,
especially in its Rocky Mountain and Southwest regions, faces a very
di fficult water situation.

One method for improving this situation is -diversion of supplies

from water-surplus to water-deficient areas. Another method is the

9/ Bello, Francis, "How Are We Fixed for Water", The Mighty Force of
Research, (New York: McGraw-Hill Book Company, Inc.,. 1956), pp. 106-
107.
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adoption of new techniques to increase the supplies of fresh water. These
include weather modification, desalinization techniques to reduce losses
due to evapo-transpiration and, of course, the use of water with greater
efficiency.

More.important than these:technological problems, however, are the
institutional -and .-economic problems. Thus, it has been pointed out that
the Western water law and the existing water-pricing policies .fail to -
encourage efficient water use; and may actually militate against.it, 10/,

Major adjustments in the pattern ¢f water use-~particularly

in the Southwest--will be essential if the arid West is to-

share fully .in:the nation's economic: growth. . In the driest

parts of the region, municipdl and industrial use can support

a-far larger amount of economic activity per -unit of water

depletion than does .agriculture--~perhaps at.a ratio of 50 er

60 to 1.. A transfer to municipal and industrial use -of 10

percent of the irrigation depletion projected for the year

2000 would support.nearly double .the projected level of deple-

tion from municipal.and industrial activity. 11/

3
Consequently, .the effects upon economic: growth.could be very substantial.
In light 'of the above discussion we,can conclude that knowing more about
the economic-issues -involved -should lead to a much better understanding

of .the.costs of the many alternatives and of their impact upon the

different -sectors of the -economy. -

The Problem Defined
The limited supply of water in relation to-the fast-expanding demand

for it makes the optimum utilization of -the water resources imperative.

10/ Landsberg, Hans H., Natural Resources for U..S. Growth, (Baltimore:
The Jolms Hopkins Press, April, 1964), p. 145, ’

1/ Ibid, p. 145.
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InVestigations, economic and technological, dealing with thé value of
water in alternative uses have proved conclusively that the existing
pattern of water use in the United States is far from ideal. And it .is-
in this context that the 'strategic importance of transferring water
between uses and users emerges. In effect, then, tﬁe process of water
transfer is designed. to revamp the current pattern of water use with a
view to increase the value and productivity of water in alternative uses.
As noted above in the background, a distinct shift in the demand for
water from conventional uses (mainly agricultural) to a number of newly-
emerging uses (e.g., industrial, pollution abatement, and recreational).
has occurred in recent years. This shift necessitates é transfer of
water between uses (agricultural, industrial, pollution abatement,
recreational,; municipal; etc.) and users (individuals, firms, public
districts, government agencies, etc.) with the objective of enhancing
the value and productivity of water. ‘This, in turn, calls for an ideal
pattern of water use which would increase the overall welfare and
efficiency of the economy. The basic problem, then, is one of .analyzing
the economic implications of transferring water between glternate uses
and users, identifying the institutional -handicaps which impede the
optimum transfer of water and finally, suggesting ways .and means to-

reduce or remove these institutional -barriers.

Basic Objectives
The basic objectives of this investigation are:
1. An inquiry-into the factors which_necessitate.a transfer of

water between uses and users. .
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2, An analytical survey and critical evaluation of the economic
problems involved in a process of~Watef transfer.

3. A detailed investigation of the’legal, administrativé and -
institutional barriers which impede an ideal transfer of water between
uses and ‘users, and

4., Recommendation of specific measures .to remove.these barriers:

An attempt.has been made to relate each one of.the above objectives
to the situation existing in Montana. Thus, the’study focuses special
attention on the case for water transfer in Mon;ana, examines the legal-
institutional factors standing in the way of ideal water transfer, and

makes specific recommendations to remedy these handicaps.

Justification

The spectacular increase in the overall demand for water, ‘the
emergence of .new water needs, the changing pattem of prospective water
demand and use-—~all these have begun to make their. impact felt .on the
various institutions.coﬁcerned with the. allocation of water. With
increasing economic development and the continued growth-of population,
the role of water as a vital resource will steadily assume greater and
greater importance. The relatively limited supply of water in relation
to the ever-growing demand for it wili.inevitably lead to compefition.
This, in turn, would necessitiate the .adoption of -measures designéd to
increase efficiency in water use. And one of the crucial measures to
accomplish this is to bring about a change in the existing pattern of-

water use by suitable modifications in the institutional structure-
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through which water is transférred between competing uses and users.  Thus,
the present study has -a bearing on-the whole process of economic growth
and-is of -importance:to the enhancement of overall economic efficiency and

welfare.

‘Major Sources of Infermation

This study, which is essentially theoretical in nature, has gathered
the basic -data and information from a variety of.sources. These can be-
divided into the following categories:

1; Government Reports and Publications: This includes."the Report eof
the President's Water Resources Policy Commission (Vols. 1 and 2, 1950)
and virtually all .the reports of. the Senate Select Committee on Natioenal-
Water Resources (1961).

2, Bulletins published by the various Agricultural Experiment
Stations and unpublished dissertations related to the economic.and
institutional:aspects of water resource development.

3. The law journals .put out:'by the Law Departments of wvarious
universities for infermation concerning the legal-institutional raspects.

4, . Books and anthologies, proceedings of thé different conferences
on water resources, and reprints published by the Resources for the Future.
Amoeng books, special mention has to be made of the extremely valuable
compilations by Welis Hutchins of the water laws of: the different states.

5. Articles pertaiﬁiqg te the problém under investigation éhat'

have 'appeared in professional journals, e.g., Journal of Farm Economics,




Land Economics, Natural Resources, American Economic Review, Water Resources

Research, and Soil 'and Water Conservation.

6. Articles that have been published from time to time in the various
popular magazines and newspapers. A good deal of information about
Montana's water resources and the various programs that are currently
underway  to tap Montana!é Wéter potential has been gathered from news
items and articles pﬁblished in.the various Méntana newspapers.,

7. . Information made available by the various.government and non-
government agencies regarding the water resource development of Montana.

The information and data gathered from the above sources have been
supplemented and verified in several ways. Discussions with economists,
legal experts, engineers, geologists, and others-who-are conversant with
the national -water situation in general, and Montana's water problems in
particular,.have proved to be ‘of considerable value in the conduct of

, this inquiry.

Plan of the Dissertation -

This dissertation is divided into two principal parts: and seven
chapters: Part I deals with the theoretical issues ivolved in the economic
and institutional raspects of water transfer;’Part IT examines in depth
the economic factors and the legal and institutional facets of water
transfer as they relate to Montana,

The firgt.chapter outlines briefly the nature and scope of.the

inquiry. The second.chapter examines in detail-the complex economic
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problemé involved in the allocation of water between competing uses. This
is followed by a comprehensive analysis and evaluatiéﬁ of the institutional
aspects of water‘transfer (Chapter 3). Chapter 4 studies the varied
economic aspects pertaining to the transfer of water within Montana.
The next chapter (Chapter 5) deals with the ramifications of Montana's.
water laws as they affect water transfer. Chapter 6 discusses a few
other institutional factors which have a pronounced bearing on the use
and development of Montana's water. The final chapter (Chapter 7) gives
a summary of the principal problems presented and outlines specific recom-

mendations to selve -them..




CHAPTER II
THE ECONOMICS OF WATER TRANSFER

Introduction

This chapter is primarily an: attempt to examine the theoretical,
prineiples which govern the:alldqation of water among competing uses.
The first.section disucsses the theoretical basis for resource alloca-
tion. - The second section examines in some detail the .impact:of .trans-
ferring water from low-productive to high=productive uses on the pace-
and pattern of economic-development, Part three deals with the economic
implieations of water transfer. First, the allocation of water in terms
of the market-for water rights is studied. - This is_followed.by a compre- -
hensive survey of. . the various ramifications involved.in water-pricing.
Special attention is-paid-in this connection to g discussion of the role.
of ‘marginal-cost-pricing in the valuation of water. The final section
views the problem of water transfer and its consequences from the stand-
points of both efficiency and equity and highlights some of the relewvant,

issues.

.Theoretical'Basis-for Resource ‘Allocation
In-order to understand the nature of the "market' for water and the
allocation of water among.multiple uses, a discussion of the theoretical
principles underlying resource ‘allocation would.be useful.
The problem of resource allocation stems from the scarcity of resources.
in relation to the demand for them- and the consequent need for 'choice".
The theoretical basis of resource allocation has been exﬁlained by

economists in terms of .two concepts: (a) the concept of proportionality
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embodied in the ‘law of variable proportions, and (b) the equi-marginal
principle.: Each of these concepts is examined in turn and then the
applicability.of the general theory of resource allacation to thg_alloqa—

tion of water is -examined.against this broader milieu.

The 'Concept of Proportionaiity;

The concept .of ‘proportionality plays a crucial -role in.the allocation -
of resources. It exerts a significant bearing on the decision of the
producer regarding an optimum-combination of his factors of pfoduction.-

The basic.law governing the .allocation -of resources in tHé;broductive-
process is-the-Law of Variable Proportions or.the Law of.Diminishing
Returns. Boulding states. this law as-follows:.

As we increase the quantity of any one .input which, ;

1s combined with a fixed quantity of the dther inputs;

the marginal physical productivity of. the variable input

must -eventually -decline. -1/

Given ‘a functional relationship as defined by Bouldihg, thé .produc-
tion function would,be of the general form Y =:f(xi|x2'.f. xn), Where Y

is the oufput, x. the ‘input that is varied; and 32 oia xh:the inputs that

1
are ‘held constant,  With-such a.function, the{qnéntity of .Y produced depends
l.'used, with the. rate of production

influenced:by .thé propertionality between input'xlland the fixed inputs.

upon the amount of the variable input x

1/ Boulding,- Kenneth E., Economic Analysis, -Third Edltlon (New York:
Harper and Brothers, 1955), p. 589.




The operation of the physical law of diminishing returns in relation

to the production function is shown in Figure 6.
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Figure 6. The Law of Diminishing Returns and Stages of Production.

This figure shows the relationships between the variable input % and

total physical product (TPP, ), marginal physical product (MPP ), and
average physical product (AP%Xl). At the maximum point on TPPxi’ MPPX1
touches the horizontal axis and is zero. Beyond this point, MPP, is
negative and total product declines. When MPle is above APP_ , iverage
physical product is increasing. When APPxl is equal to MPPx ,laverage
physical product is at a maximum. When MPPxl is below APle’ average
physical product is decreasing.

The production function depicted by Figure 6 is divided into three

stages of production. Stage 1 is an irrational stage of production. 1In
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this area, MPP, 1is always greater than APP%‘. If it pays to produce any
1 1.
output.at -all in this stage, it pays to produce at-least the maximum total

output“for this stage, because When.MPP}'{l is greater than APPxi’ Stage 3

is also an irratiénal.area of production. This is the area in.which MPPx

is negative and additional input reduces TPle.' In Stage 2, MPPXi decre;;es
continuously and is always léss than APPilf' The firm demand for the input
is represented by that part of the MPP#llcurve lying in-Stage 2 multiplied
by the price-of. the input., Somewhere in.Stage 2 is-located the optimum

rate of production. 2;3/-

Thus far.the discussion has been related to the physical law of
diminishing returns. However, most producers in our economic society would
be interested to know the input-output.problems in monetary terms. The
change from the physical to the ecdonomic concept of diminishing returns
can .be accomplished simply.by.assigning a-coét“to'each'of-the input. factors

and-a market wvalue or price to each unit produced,.

The Economic Sense of Proportionalify

Figure 7 gives a typlcal example of-the value product diagram used in
economic-analysis: This .figure assumes a single (or composite) fixed-
factor and a-single (or composite) homogeneéous input used in varying amounts.

Asg .such, all of the net returns above the cost of the variable input can be

2/ Stigler, George J., The Theory of_Price, Revised -Edition (New York:
" The-Macmillan Company, 1952), Ch, 7.

3/ Heady, Earl 0., Economics of'Agriéuiturai‘Production and Resource Use,
(Englewood Cliffs, New Jersey: Prentice ‘Hall, 1965), Chs. 2 and 3.

y




considered as an economic return to the fixed factor. The calculation of

this return is illustrated by Figure 7.
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Figure 7. Cost and Returns Relationship and Profit Maximization.

This example assumes a given production function, with prices assigned
to the variable input and the product. With this combination of factors,
the producer finds it most profitable to stop where the last unit of the
input uses just pays for itself. This is shown in the figure as that point
where the two curves, MVP and MFC, intersect, and therefore are equal.

At this point, the total value of output is the rectangle obce. The net
return to the fixed factor is the difference between the total value product
(obce) and total factor cost (oade) - a difference represented by the

rectangle abcd.

The Equi-Marginal Principle

This analysis assumes unlimited resources at the disposal of the
operator. Under practical conditions, however, the supply of production

factors for the average producer is limited and he usually has several
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different uses to which these resources can be put. In such a situation,
the producer with a fixed supply (or limited resources) bases his resource
allocation on what is called the "equi-marginal principle",

In theoretical ‘terms, this simply means that whei a resource used in
any one.use (or enterprise) produces an -MVP at-.least equal to that whcih
it could secure from its best alternative use, profit from its use is
maximized. Thus, the transfer of resources -from one‘pse to another will
take place until the rate of gain:from the transfer just équals the rate
of loss from, the withdrawal. Profits thus are 4t a maximum. As Boulding
puts, it, "the ideal apportionment is cléarly that in which there is nothing
to be gained by transferring marginal units of resources from oﬁe use or

occupation to another." 4/

Application to Water-pricing

A close look at the market for water and the priées of water in
different uses, however, sﬁggests~that the operation of the equi—marginai
principle ih_the'allocation of water-among multiple. uses is seriously
hampered. Thus, we notice pronounced price differeﬁfials in the case of
water, depending on the use-to which. it is put. For instance, the amount
that has to be.paid per acre-~foot of water used for industrial purposes is
much higher than the same amount of water used for, say, irrigation or
domestic ‘use, Put in a-different way, this imblies that the marginal

returns of the same 'quantity of water vary considerably in different uses.

4/ Bouylding, Kenneth E., op. cit., p. 689.
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A situation like -this cannot-exist in a purely competitive set up.
There is-always a tendency for the marginal returns received from the
different uses of.a commodity to tend.toward-quality. If the MVP in one
use is.greater than in anothér use, there will occur a drift or transfer
of resources from the low-yielding to the high-yielding use until the MVP's
from both the uses are equalized. This type of transfer automatically takes
place in a competitive sét. up where the market ,forces are left unhampered.

However, -the free transfer of water from one use to another, ‘as
dictated by the equi-marginal-principle, does not occur-in the case of water.
And it .is in this context that the problem of institutionai factors emerges.
These institutional barriers encompass:a very wide range--legal, administra-
tive, political, psychologieal and-socio-cultural. These institutional
handicaps prevent.the unhindered operation of free market forces in.the
allocatioﬁ of water among competing uses and users. Thus, the basiév
theoretical principles governing optimgl resource allocation have a limited
applicability in.the case of water at the present time;

Two other-féctors have ‘also tq be taken into account in considering
the appliéability of the theoretical principles discussed,abéve to the
allocation and pricing.of water. The first -one reldates to the multiple
use of water. Water can be -put to a number of uses, which are non-
competitive. -in nature. Thus, water-used for recreation purposes. can alsé
be used for the generation of electricity, and following tﬁat, too, for
irrigation.  In other words, water is not a "one-shot" resource, and hence

can ,be-used over and over again in-a sequence of uses.
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Further, very - -large investment aggregates,are'involved in the.construc-
tion of multi-purpose projects, especially those.for power. generation and
irrigation development. Thisnis~qntenab1e with the assumption made in the
general discussion that resources can be divided into any number of smaller
units., Consequently, the traditional theory.of-resource allocation
predicated on.divisibility of:resources to very small units has only a

limited validity in-the.case of water pricing.

Economic-Development and Water Transfer

The: use-of water in the United States has been growing in recent years
at .3 much faster pace ‘than the -growth in population. Consequently, in
the historically water—scarce regions of the United States, the future
pattern of water allocation over the next several years .is likely to set
definite limitations on the nature of the region's economic growth, and
hence, upon the economic;growth of the nation as a whole.

Planning and action to meet current and future needs

for water and its services are primarily matters of public

decision. . And in the West there is a further element of-

public participation. - Here, under appropriation law, shares

of the water supply are allocated to specific uses -on a

property right . basis, and these rigidities are, in turn,

written into interstate compacts on water use.. Thus, the

"free market" is a limited instrument for determining the

relative ‘desirability of watér's alternative use--more so

than it is in the case of most other resource products. 5/

In certain states, however, subject to administrative centrols, water

rights-can-be bought and-sold. Hence, the market forces can help allocate

water among competing uses,

5/ Wollman, Nathaniel, The Value of Water in Alternative Uses (Albuquerque:
The University of New Mexice Press, 1962), p. xii.
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It-is necessary, therefore; to study the effects on the economy of
the different patterns of water use, in light of the estimated increase
in the growth of population and economic activity. An inter-disciplinary
approach involving economists, geologists, engineers, biologists and
lawyers can-be of much value in this connection. A pioneering effort:in
this direction is Wollman's study on.the'"Vélue3of'Water in Alternative
Uses' (1962). This study -describes .eight possible patterns for the use of
unappropriated water in two river basin-areas :(San-Juan-and Rio Grande) in
New Mexico. The éight possible .patterns of water use .described in this
book represént different combinations offwafer'accérding to three major
uses: Municipal and industrial, .recreational,:and agrieultural. The results
of . the study indicated that the-contribution¢of-the-Rip Grande ‘basin to
gross national-product.(GNP) would be about..$50. for each acre-foot of water
used.in-irrigation,.as against-between $200.aﬁdh$300 for each acre-foot used
as fish and wildlife habitat, and between $3,000 and $4,000 for each acre-
foot used in industry. This result, however, does not-warrant the assump-
tion that since-industry yielded the highest wvalue-~added pér acre-foot, of
water, and hence constituted the highest productivity, all available water
should be allotted to industry.

The: same results &ere.obtained,by anélyzing the basic data on municipai'
and industrial, agricultural, and recreational. uses of water in terms of:
‘variétions in profit rates and in benefit-cost ratios. Thus, high-industry
models yielded benefit-cost ratios of 6.0 and 4.7, whereas'high irrigation

models gave ratios -of 2.1 and 2.0. 6/

6/ Ibid, p. xix.
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The principal indicators used in the Wollman study to estimate the
value of water in alternative uses were: (1) gross product, (25 primary
value-added, (3) value added by purchase, (4) secondary value-added,

(5) water costs, (6) employment and population,.(7) cépital requirements
and capital supply. (For a detailed e%planation of each of the above
-indicators, see Appendix A.)

Economic.development can continue at -an undiminished pace only
through a process that.will allow complete or full use of available supplies
of water and also enable easy and advantageoué transfers to "high wvalued"
or more productive uses as these emerge. Optimum economic growth can be
accomplished only by making necessary adjustments to meet, the ever-growing
demands. - In order for this to become a treality, the engineering anhd
economic e€lements '0f a water resource program:should provide maximum flex-
ibility of water use to satisfy the rapidly changing optimum patterns of
water demand.

Thus it has been.shown that reallocation of water from agricultural
to industrial, municipal -and recreational uses is:capable of markedly
‘ expanding the development potential of water-deficient regions. This fact
makes clear the importance of efficient mechanisms for the transfer of
water from lower to higher value wuses in these regions; Water has to be
smoothly transferred to support industrial and urban growth in the Western
areas if they are to continue to grow. In addition, as water supplies
become more stringent, it becomes highly important that water uses in

agriculture is applied to the most productive lands and crops by the most

efficient methods.
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Renshaw 7/ has made the follewing estimates of the mean-value of

water per acre-foot for different uses:

Use Value Per.Acre-Foot
Domes tic $100.19" °
Industrial - 40,73
Irrigation 1.67
Power 0.71
Waste Disposal 0.63
Inland Navigation 0.05
Commercial Fisheries 0.025

These figures, though not applicable to all situations, sfill give us an
idea of the comparative range of values.

The following two specific examples indicate how a reallocation of
water from one use to another could bring about a substantial change in
the contribution of water to economic development. Criddle §j cites as an
example the transfer of water from agricultural to industrial purposes by
referring to a development of the Price River in Carbon County, Utah. It .
is pointed out 'that the direct and indirect 'returns stemming from the
agricultural use of water in this area would represent only a small frac-
tion of the returns likely to be generatéd by the creation of -an electyic .
plant, He, further, states that the estimates of the total returms from
industry in.Carbon County amount to over $28 million per annum compared
with the total agricultural returns. of about $1.25 million a &ear. Despite
this, however, in this area about tliree-acre feet of water is used for

irrigation for every acre-foot wused for industrial and other uses.

7/ Renshaw, E. F., "Value of Acre-Foot of Water', Journal of Water Works .
Association, March 1958, pp. 303~309.

8/ Criddle, Wayne D., "Problems of Tramsferring Currently Developed Water
Among Uses and Users', Water Transfer Problems, .(Report No. 10),
Conference Proceedings of the Committee on the Economics of Water
Resogfc%ADevelopment of the WAERC, (Portland, Oregon: December 1961),
pp. 21-24.
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Another example relates to a somewhat'similar-development in Kemmerer,
Wyoming-~a storage reservoir with 28,000 acre-feet capacity under‘construc—
tion'on Ham's -Fork River to supply water for §=300,000 kiléwatﬁ thermal
plant. It -is estimated that the same amount 6f.water used for agricultural
purpoeses in-this area would -have .a much smaller impact on.the local.economy
as compared te the effect.of -the indqstrialAuse'bf.water.

The: above two examples, however, have some;berious'limitationso For

one thing, the comparison is betweend a consumptive use of water (irrigation)

on the one hand, and a nonconsumptive use (industry) on the other. Second,

the possibility for the creation of-a multi-purpose.project which can use
water for a number of purpeses; including irrigatien,-is mnoet explored in
those examples. The possible ,total returns-f&om-thé creation of a multi-
purpoese project in each case could-have been much higher than the.returns
from industxial use.of water alone. Third, the figures employed.bf
Criddle to estimate the possible-returns from.the_industrial use of water
are averages.(or means) only. Thus, they are unable to indicatethe
marginal productivity of water in either .industrial or aériculturalguse..
Finally, a complete transfer of the -available-water from.agriculture to
industry in communities which-are-basically agricuitural would tend to
upset the -familiar pattern of life and-could ?esult in a number of "social . -
costs'". Viewed in this perspective,.any agrument for a wholesale transfer
of water from. agriculture to industry loses much of-its weight.

An important aspect of water transfer relates to the transfer of newly:

developed water between uses and users. Newly-developed water, of course,
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includes developments in surface and. ground waters. There-are, however, a
number of other developments which -are not so cféar—cutvbut nonetheless
could be regarded as 'new' waters.. Holje'gj considers the‘following
categories as representing '"new" water: |

1. Storage.of surface and ground water;

2. Industrial recycling and reusej..

3. Water budgeting in-irrigation;

4, Reduction of evaporation losses in reservoirs;

5. Demineralization of saline and brackish waters;

6. Industrial use of saline water;

7., Multiple-use.management;

8, Watershed management;

9. Weather modification.-
Holje states that a classification of the above nature is of considerable
importance in transferring newly developed water. Thus, he notes that
the problems of water transfer are significantly different.in the centrast
between 'mew'" water resulting from ground water development and, say,
from weather modification, particularly in!a physical sense.

Another problem of significance in water transfer is the rural-urban

transfer of water. 10/ There has -been 'a steddily growing competition for

9/ Holje, Helmer, "The Transfer of- Newly Developed Water", op. cit.,
Pp 21-24,

10/ Smith,:Stephen Co, "Organization, and Water Rights in the Rural-Urban
Transfer of Water', Economies and.Public Policy in Water Resource
Development, (Ames: Iowa’'State' Unlver31ty Press, 1965), pp. 251-272.
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water between these two categories of.uses .in recent years. Leéal and -
administrative institutionsvcurrently existing in the different areas play
a very dominant role in effecting the allocation of water between rural
and urban .areas. And this makes rural-urban water-transfer a problem
of extreme complexity.

The transfer of water from less-productive to more-productive uses
contributes. to economic growth indirectly. The concept of-"externalities"
or "spill-over effects'" refers to these economic effects which lie out-=
side the -decision making process of micre units of water uses. 11/ 1In
the case of water.transfer, these effects are generated by water supply.
interdependencies and income interdependencies of a more general character
in the water-using community. In the contéxt of externalities, a water
transfer is considered desirable .if the new use after the trangfer creates
an increase in-income. This is regarded as the major welfare criterion
'for analysis .of the allocation problem and the role.played by institutions
in effecting such transfer. Externalities from changing water use have
distinct welfare implications . resulting from major changes in the pattern
and ‘pace of overall economic development.

There is a close relationship between water-transfer and economic

development. Consequently, it has become increasingly clear that the

basic policy in.the field of water resource development is to achieve the

11/ Hartman, L. M.; and D. A, Seastone, "Welfare Goals and Organization of
Decision Making for the Allocation of Water Resources", Land Economics,
(February 1965), pp. 21-30.




most economic allocation of water with -a view to maximize the net benefits

to society. How exactly could.this .optimal allocation of the limited water

resources between competing uses be accomplished? It is here that the

market mechanism and pricing policies assume.a strategic.role.
Lo}

Allocation of Water Among.Competing Uses
In order to understand the nature of the transfer of water among
alternative uses, we have to examine  rather closely two separate aspects
of the problem: (a) the market for water rights, and (b) the problem of
pricing water. These two aspects are closel& interwoven and they éxert
a significant influence on the allocation of water among a variety of

competing uses.

A. The Market for Water Rights

The market mechanism plays an important role in the transfer of
rights to water supplies. This is specifically so, since.owing.to a
number of reasons (soﬁe‘historical and others stemming from the basic.
nature of water supplies) the transfer of water rights is impeded by legal -
and administrative procedures and precedents. AHence, it is believed that
greater reliénce upon the market process of purchase and sale would lead
to more productive use of water and greater economic .returns.

This is a particularly important problem in much of the

West where efficient use of limited water supplies is impor-

tant to regional economic advancement and where water law

tends to inhibit tramnsfer out.of -low-value irrigation uses
to high-value municipal and industrial uses. 12/

12/ Fox, Irving, K., "New Horizons in Water Resources Administration',
Public Administration Review, (March 1965), p. 67.
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The term '

'market" is conventionally defined with respect to the inter-
action among buyers and sellers.
It identifies the process of tenure transactions from

producer.to consumer, the -institutions facilitating this

process, and the conditions of exchange--or the exchange

ratios—-prevailing at each stage. 13/

According to Kelso 14/ if market forces are to be employed to allo-
cate water among uses and usefs, water rights must be permitted to be
bought .and sold. ﬁug little is known about the market for water rights.
How effective are such markets in éllocating water to its "highest and
best'" use? Both Kelso and Brewer are of the view that the market for
‘
water rights deviates considerably from the textbook definition of a "free
market". Thus,.as Brewer has shown,xinstead of a large number of buyers
and sellers, there may be. a small number or even a single buyer or seller.

Brewer points out‘that in the context of a market, water transfer is
often equated with a sales transaction. The parties to the .transfer may
be individuals or agencies, and the process may occur at a wholesale level,
a retail level or_it-may.exist-betwéen different levels. Transfer between
entities at the same marketing level may be termed "horizontal" transfers,
as distinct from "vertical" transfers, which involve several market levels.

Examples of the latter include transfers of water from a district to its

members or from a federal or state agency to a local district,

13/ Brewer, Michael, "Economics of Public Water Pricing: The California
Case", Economics and Public Policy in Water Resource Development,
op. cit., p. 224.

14/ Kelso, M. M., Regional Project Outline -on 'The Economics of Water
Transfer: An Appraisal of ‘Institutions'", January 1964, p. 7.

Ll
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Thus, producers and sellers of water are not numerically equivalent
in the water market. Some producers sell water entirely on a wholesale
basis. An instance in point is the sale of water by the Bureau of
Reclamation through the Central Valley Project in California. Others are:
both wholesalers and retaiiers; local irrigation districts belong to this
category. These examples clearly indicate .the need to modify the conven-
tional market approach in the case of water transfer.

The -market mechanism has also other ramifications. There is, for
example, the crucial question of how effectively the market exchange of
property rights in water (the mechanism implied by the prior apprbpria—
tion doctrine in the Western United States) can result in economically
optimal water allocatien, especially, on a large scale, For one thing,
the impact of water allocation on third parties (i.e., non-participants
in the market-determined decision to transfer) has to be reckoned with.
These third parties include the service -community of an irrigation project,
downstream users who depend upon return flowé, and downstream users
affected by changes -in: the quality of:flow attendant to changes .in use.
Second, it is not yet evident that the best method for water transfer in
the arid west is the exchange of water righté in markets .on account of the
difficulty

in arriving at reasonably certain definitions of rights

when major third party effects, resulting from water quality

deterioration and return flow dependency, -are involved.

Perhaps, the most satisfactory solution will be some mixture
of market .transfers of rights and administrative allocatioms.-15/

15/ Kneese, Allen V., "Econemic and Related Problems in Contemporary Water
Resources Management", Natural Resources Journal, Oct. 1965, p. 5.
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"The real value of the concept of water market is thus, primarily,
expository.". In any case, an appraisal of the historical effectiveness
of -the market system to cope with past allocation problems would be of
marked- value in gathering information about thé'necegsary modifications

to be introduced in the future,

B. The Problem of Pricing

A vital problem in.the transfer of water between uses and users is
the formulation of a system or method of water-pricing that adequately
reflects the costs of supplying the water and the value of alternative
uses forgene. In .any account-of the existing competition for water,
consideration should be accorded to making much greater use of-prices and
charges in the allocation of water supplies-among competing demands.
However, as the previous section has,révéaled,’the very nature of water
management and water values precludes complete or exclusive reliance upon
market forces. This, of course, does not mean that traditional policies
and concepts should be allowed to unduly inhibit‘fhe use .0f fees and
charges in cases where market forces can.operate effectively in.the opti-
mization of economic values. However, economists and policy-makers do
agree that the price mechanism has serious limitations as a value indicator.

A significant problem in the transfer of water, when both public and
private agencies are involved, relates to the determination of the value
of public goods. If water is priced, the marginal value of the last unit-
of water to consumers is being méasured if’the pricing is competitive. On
the other hand, if water is freely distributed, the factor cost of water

production measures the wvalue of.resources employed in water development
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in their highest alternatiye-useé. The. results obtained in both cases
will be different.

In the first instance, it is reasonable to ‘assume that as a result of
its market‘pricing,vfewer resources ‘'would be devoted to the production of
water in - case of reduced démand and more to the generation of other.items
of output than in the second case:;: The composition of output in the two
situations, therefore, differs. Coﬁsequently, judgments concerning
appropriate weights have to be made to achieve an index number comparison.

Three factors stand out as dominant variables in public water pricing
policies. These are: 1ocation'of delivery (in relation to the head of a.
surface distribution system), the type.of use to which water is put, and-
time, Price may be systematiéally related to any or.all'of-these variables
or may be functionally unrelated.

The price aspect of water transfer potentially performs two economic.
functions, efficiency of which may be evaluated. The first is allocating
the involved resource; the second relates to investments in water 'produc-
tion", of_more simply, the-water producing projects. Criteria for economic.
efficiency of. the latter function include least-cost production and correct

supply response. Marginal-cost.-pricing may satisfy all these criteria. 16/

16/ Brewer, Michael, "Water Transfer and Economic,Growth",.Water Transfer
Problems, Conference Proceedings of the Committee on the Economics of
Water Resource Development of the WAERC, Report.No. 10, op. cit.,

P. 82,




- bt -

The rele of marginal cost pricinglin fixing water rates has been
examined-in, detail by Milliman. ll/ According to Milliman pricing of
water resources in: terms of marginal cost repreéents by far the best and
most efficient method of pricing. He illustrates with the aid of two
figures the superiority of . marginal cost pricing over average cost pricing
in the case of an industry. Milliman contrasts the conventional public
utility pricing solution, based on average costs, which includes a "fair-
return”, with a marginal-cost pricing poelicy in:these two figures.

Figure 8 represents marginal cost and average cost pricing for a case
of decreasing average cost. The figure reveals that average costs are
decreasing for the relevant range of output, although the possibility of
their eventual rising if production is continued beyond some point cénnot
be ruled out. The figure indicates that average cost pricing would estab-
lish a general .rate level of OS and set the level of ouput-at OA. Thus,
total system revenues would.just equal total costs of OSUA. Milliman points
out that this result, while "financially sound", is by ne means an opéimal
situation in terms of efficient use of. the facilities already existing,
since water users are more than willing to cover all of the extra costs
of extra output.until an output of OB is reached. Beyond OB, the marginal
cost of output rises above the demand curve, which is assumed to measure

the extra value consumers attach to additioenal:output.

17/ Milliman, J: W., Policy Horizons for Euture-Urban Water Supply,
(Washington, D. C.: Resources for the Future, July 1963).
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Figure 8. Marginal Cost and Average Cost Pricing for Case of Decreasing
Average Cost.

Furthermore, the area under the demand curve (value of water service
as seen by users) for the output AB exceeds the area under the marginal
cost curve (value of alternatives sacrificed by this particular use of
resources). Therefore, it would be socially desirable to continue to
expand service up to the point where the prices that consumers are
prepared to pay equal the extra cost of the extra output. In this case
the optimal output is OB. This proves the general proposition that average
cost pricing in a decreasing average cost case will result in under-
utilization of plant capacity.

Now, let us examine the marginal cost pricing solution in the same
case, Here the rule would be to produce an output of OB and set the
general level of rates at OR. Marginal costs would be less than average
costs by RZ (also TV) and a deficit RZVT would result. This deficit would

be reflected, in conventional accounting terms, as an inadequate return on
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financial costs of capital facilities already in'place. Milliman.states
in this connection:
Although this problem is a very real possibility, it is

not nearly as serious as is often claimed. There are a

whole.range of solutions. or compromises which .could achieve

most ‘of ,the gains of marginal cost pricing in terms of

efficient use of the utility plant-and yet cover total

cost requirements. 18/

According to Milliman, it is, however, more likely that the future
provision for urban water supply would often_reéult in increasing, ‘not:
decreasing, average costs for services. He substantiates this view by
citing the example of. urban ﬁater supply.facilities in rapidly growing
urban areas in southern .California and the southwest. As is revealed by
" Figure 9, marginal.cost of service will then be agbove average costs and.’
that -marginal cost.pricing will produce "surpluses" and not deficits.

The marginal cosé price-solution in this.case would achieve a general
level of rates of OR at the-optimal output of 0B, Total revenues would
exceed total costs and a surplus of RTZV would result.

Figure 9. further indicates the inefficiency introduced by average
cost .pricing principles. in the case of rising average costs. Thus, equating
demand prices with average costs (AU) would create an output of OA. No
surplus would be .generated since-total revénues Wouid'equal total costs.
Yet the marginal cost'of service is AJ and this cost-exceeds the demand

price by UJ. Consumers are not covering the extra costs of.extra use-and

this obviously implies that water supplies are being inefficiently used.

18/ Ibid., p. 129.
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In other words, the amount of social loss is measured by the area TJU. This
is the quantity by which the extra costs of producing output BA (the area
under the marginal cost curve) exceeds the value in use (the area under the
demand curve for output BA). Thus, average cost pricing in cases of
increasing average costs often results in "underpricing of scarce resources
and over-utilization of scarce facilities'. Here is thus a case for the

adoption of marginal cost pricing in preference to average cost pricing.

Marginal Cost

Average Cost

L

I
|
|
|
!
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B A

Demand (MR)

Output
Figure 9. Marginal Cost and Average Cost Pricing for Case of Increasing
Average Cost.

If there are "externalities', marginal cost pricing, however, will not
suffice. One argument maintains that under such circumstances marginal
cost pricing coupled with a subsidization program financed by tax receipts
is the most desirable way out. This position assumes that higher-cost
firms will tend to be eliminated through market competition. In the case

of water transfer, there is little opportunity for competition among producers.
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Rather, competition exists between agencies with regara to thelr scale of
operation, with resulting -internal pressures and; in the extreme, free water.
Even with subsidizatien,.the quantity demanded will not-proceed to the point
of zero marginal value productivity of water so long as any user price is
charged. 19/ -

Kelso 20/ points out thatqwhen watérlis developed by the .government
and sold té individuals, the price.is usually determined-by a mixture of
ability to pay and the repayment necessary'to_covef the cost that has .been.
allocated to this particular water use. Fer.example,,the_price of irriga-
tion water to farmers on-a Bureau of Reclamatiqn—prqject has-little ‘resem-
blance to the price .that-would exist.in.a free market situatioen. Thus,
water prices need not.necessarily reflect'the differing'produétivities

of water in different uses.

Water Transfer: Efficiency vs.|Eéuity
Various efforts have been.made from time to time to formuléte a water
resoufces‘policy desligned teo maximize.ﬁhe returns from the allocatien of
water .among competing uses. Economists have developed.a body of theory
to apply to:situations in which the competitive market is not.able .to
acecomplish .an efficient result, This body‘of\theory, referred to as welfare-

economlics, is .directly applicable .to water resources.on-account of several -

19/ - Brewer; Michael, "Water Transfer and Econemic:Growth", op. cit., p. 82,

20/ Kelso, Mi M:, op. cit., p. L. -
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characteristics of water development. Three .of the principal.character-
istics are:

(1) Many resource, commodities can be produced and/or
distributed at minimum cost only through natural monopolies
because the.conditions ‘of production involve major economies
of scale. Thus, the unregulated market-does not function
or functions only imperfectly in these.instances.

(2) Many products of water resources, or water resource
connected -services 'are not.subject to division into units
for sale and purchase. Flood control, for example, usually
cannot -be . limited to a single.price of property and-a scenic
area may be.viewed.by many.

(3) Many -uses of water resources have unusually signifi-

cant spillover or external-effects. -  Storage of water at one

location on a.river influences power. output.at another loca-.

tion downstream. Use of a stream for waste disposal may be.

distinctly advantageous to a city or plant, but.such use may

impose costs or damages upon others downstream. 21/

The- theory of.economic-welfare can be systematically applied to spell

?
out the conditions .essential to achieve efficiency of:activities possessing
. .
these characteristics.

A transfer process designed to allocate a limited or scarce resource
to the highest competing or the most productive usé may be regarded as
efficient, In order to assess the efficiency of the transfer process, the
duration of the rate of growth has also to be taken into account. For

instance, a very rapid.short-run growth may be .socially less desirable

than a somewhat-lower rate of growth over a longer time period.

21/ Fox, Irving, K., op. cit., p. 63.
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A more difficult problem relates to the impact of water transfer on
the question of equity. The effect of specific types of water transfer on
income distribution, either directly or indirectly, through changes in
real output is one of the principal aspects to be considered., Equitable
economic growth, for the purposes of this analysis, is regarded as repre-
senting a positive rate of.change of the real output of an economy with a
smaller aggregate variation -from the meam on a per capita basis. A per
capital definition of equitable .growth may.not, however, be adequate. For
example, regional income differences may be increased, although on a per
capita basis it may appear that equity criteria are fulfilled. 1In studying
the growth.process from.a léng-run perspective,.therefore, econom;c impli-
cations of ‘such regional-inequities which appear over time through the
political processes are considerable -and they have to be taken into account.
A final problem to be ‘resolved relates to the manner in which public
water is priced., . If.it.is wvalued.at market prices (and-this assumes that
the -method of water transfer involved uses prices determined on some sort
of a market), perfection in the product market - assumes gfeater_importances
If, on the other. hand, water is valued at factor cost (as is ‘done.by the
Department of Commetrce), then the interests of equity dictate perfecﬁion of
the factor markets. 22/ The purpose behind these requirements is to guard
against  the accrual of large amounts of quasi-rents on either of these two

markets.

22/ Brewer, Michael, "Water Transfer and Economic Growth", op.-cit., p. 81.
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These are some-of the major economic probléms involved in a process
. . ’ Y.
of water transfer. And they set an appropriate background for an analysis

of the institutional factors affecting the reallocation of iwater among

alternative uses.




CHAPTER III
THE LEGAL FRAMEWORK: A CRITICAL APPRATSAL

Introduction
The strategic role of water in the development of the semi-arid and
arid regions is nowhere more.manifest than in-the legal doctrines governing
its control and use.
This chapter is an_%ttémpt to study criticgll§:the many facets of the

b

legal framework encompassing Waferfresource development in the West.
Section 1 examineéfin detail the implications"of the two basic water laws

. in the Unitedtgﬁates——the riparian and appropriation doctrines--and eval-.
uates their merits and demerits., This serves as a background to the next
section which attempts.to illustrate the gene;al theory discuséed abdve
with specific examples from a number of Western states. The-analysis
deals with surface water laws and greund water laws‘separately. The - final-
part ties in the whole.ﬁiséussiqnfwith the crucial problem of water trans-
‘fer. This sectien analyzes the close inter-relationship between water—
rights and the problems of water transfer, points out how the existing
légal doctrines act'as a deterrent-;o the transfer of water between uses

andtuserS, and brings out the necessity for overhauling the prevailing

legal - framework.

Water Laws: Theory
The rights of individuals to the ownership and use of water from
different sources are determined in the United States on the basis of

two principal legal doctrines: (1) the Doctrine of .Riparian Rights and

(2) the Doctrine of Prior Appropriation, In general, the Riparian Doctrine
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prevails in-virtually all-the states (with the sole exception of Mississippi)
east -of the Mississippi River. The'17 states west of the Mississippi
employ the Doctrine of Prior Appropriation in one form or.another. Before:
proceeding to an analysis of the two systems of water laws, it would be

well to explain the legal implications of the term 'water-rights'.

Water -Rights .

Legally recognized-?ights to the use ofvwater are considered as water-
rights. These rights, whether held_under the Riparian or Appropriation
Doctrine,; are .rights in real property. Consequently, they are as much
entitled to the éame,protection of the law as.are other classes of property
rights. 1/

ﬁater rights are acquired and exercised in apcordance with state laws,
both under,the'Riparian and Appropriation Doctrines. Federal laws estab-
lishing a general procedure for tHe requisition of rights to the use of:
water are non-existent. It is significant to note that the United States
Supreme Coﬁrt has time and aggin recognized.the power. of each:state to

adopt 'its own system of-water laws.*:

The Riparian Doctrine

The Riparian Doctrine is generally considered to have evolved.from

the English -common law. The Doctrine was first recognized in the English

1l/ Timmons, John F,, et al., Iowa's Water Resources.- Sources, Uses and.
Laws, (Ames: The Iowa State College Press, 1956), p. 99.

*#See, Wantrup, Ciriacy, 'Concepts Used as Economic Criteria for a System
of Water Rights", Economics and Public Policy in Water Resource. Develop-—
ment, (Ames: Towa.State University Press, 1965) for an excellent analy-
sis of the economic dimensions of water rights.
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law in.1833. Since it became a part of the common law of England, the
states and territories of.the United States that adopted the English.

Common "law thereby .adopted the Doctrine of Riparian Rights.

The basic principles underlying this Doctrine are stated by Wells A.

Hutchins:

Under the Riparian Doctrine in its strict semse, the owner of
land contiguous  to a water course is entitled to have the stream
flow by. or.through his land, undiminished in quantity and-
unpolluted in-quality, except that-any Riparian proprietor may-.
make whatever.use of the water he requires for domestic and
household.purposes and the watering of .farm animals. 1In its
modified sense, the Doctrine allows each proprietor to make
such use of the water for the irrigation of.his Riparian. land
as 1s reasonable in relation to the similar requirements of
other proprietors of land riparian to the same stream; and under
the more ‘recent developments the riparian owner's use of water
must.be reasonable with respect to the needs of appropriators
of the water for use on non-riparian land. 2/

The salient features of - the Riparian Doctrine are:

1. The right of a riparian owner -extends only to the use of the
riparian watér, and.carries with it no ownership of the water itself.
This- means that riparian owners have usﬁfructuary, but-not‘proprietary
rights in the water that-flows by their.land.

2, Rights to use stream,water‘depeﬁds upon location, the primary
requirement being that:the user owns lands contiguous to the stream.
Riparian rights are limited to.riparian land.

3; Riparian rights do not depend upon.an:owner's use -of water and

in normal circumstances cannot be lost through non-use or dis-use.

2/ Hutchins, Wells A., Selected Problems in the Law of Water Rights in

the West, Us S. D. A., Miscellaneous Publications 418, (Washingtonm,
D. C., 1942) p. 39.
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4, There is no requirement that the water be put to beneficial use.

5. Although the riparian owners can use-the water for a variety of
purposes, except for domestic or stockwatering purposes, they have no right
to divert or take more -water from a stream or lake than they expect to
return to it.

The Riparian Doctrine, as noted earlier, prevails throughout the east
(barring Mississippi). The sygtem of Riparian Rights, no doubt, has under-
gone a number of minor changes .in 'details from state to state, especially
in recent yeatrs.* However, the basic.characteristics of the Doctrine still
remain more or. less the. same.

Its advantages . . . are principally those .which stem from its
flexibility; its major disadvantage is the companion character-

istic of uncertainty,-toégether with the limitations inherent in

a system of. administration by the courts. 3/.

The  foregoing discussion indicates that a law of this nature-is
extremely inadequate to meet the conditions and needs of the semi-arid
and arid Western states. For one thing, rights to the use of stream
waters are restricted to Riparian owners; secondly, this water law which

provides for equality of use discourages investment and the development

of a stable agriculture. Further, the provision that the stream must

3/ Martin, Roscoe C., Water for New York, (Syracuse University Press,
1960), p. 108. (Chapter IV of this book contains a lucid discussion
of water resource law.)

*An instance in point is the emergence of the concept of 'reasonable use"
in Riparian Law. Under this '"reasonable use" theory, the interest of
the riparian that received protection is not in the natural state of
the stream but in the use of-water actually enjoyed.
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remain where it is accustomed to flow, undiminished in qualify and unim-

paired in quality, renders this law unsuited -to agriculture. 4/

The Appropriation Doctrine .
\

As people.began to settle in the arid lands of the Western states, it

became increasingly clear that the Riparian Doctrine was basically unsuited-
to.the conditions obtaining in these states. And thus began the search for
a new water-rights law which would recognize the strategic role of water in
the development of these water-short areas.

This system originated in the west in the mid;nineteenthv

century, where water was.scarce -and laws were rudimentary or.

often times non-existent: It grew from the practice of the

early settlers of taking water where they found it and using

it where they needed it. In the course of time, and by common:

agreement, a crude system of notice was adopted.to indicate

the amount taken by and the nature of. the use by each

appropriator. 5/

The principal. features of the Appropriation Doctrine are:

1. . It .gives an exclusive right to the -first appropriator; and, in
accordance ‘with -the Doctrine of Priority, the rights of later appropria-
tions are conditional-upon the prior rights of those who have preceded.

2. It makes-all rights conditional. upon.beneficial use--as the
Doctrine of -Priority was adopted for the proteétion of .the first settlers
in time of -scarcity, so the Doctrine of Beneficial Use became a protec-

tion to later appropriators against wasteful -use by those with earlier

rights.

4/ Dunbar, Robert G., The-Search for a Stable Water Right in Montana,
Agricultural History, vol..28, (October 1954), pp. 138-149.

5/ Martin, Roscoe C:, op. cit., p. 109.
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3. It.permits water to be used on non-riparian lands as well as on
riparian lands,

4. It permits diversion of water regardless of the diminutien of
the stream,

5. Continuation of-the right depends upon beneficial use. The
right may-be:lost.by abandonment, statutory forfeiture, adverse use-
and estoppel. 6/

The basic-principle underlying the Appropriation Dectrine is summed
up by the catch phrase "first in time, first in right". This suggests that
the key feature of the -Appropriation Doctrine is its recognition of pfioré
ities in appropriative rights. Raleigh Barlowe .illustrates the operation
of these priorities with the aid of a diagram depicting a stream upon which
several claims for water have -been .filed (Figure 10).

It .is assumed

that the -fivst and sixth-claims invelve riparian users who.

take water to irrigate -relatively small acreages, that the

second and.fifth prierities are held by irrigation projects

aleng the stream, that the ;fourth priority involves a large

irrigation project located several miles away from. the stream,

and that the third prierity is held by a downstream, hydro-

electric plant which claims a definite minimum flow of the

stream at-all times, :

"Regardless of their.location along. the stream, each of
these claimants enjoys water rights only in.accordance.with,
the priority of his (or its) claim, The first and.second

claimants may-expect to take water up to the -full amount.of -
their claims at any time. After them, the power company can

6/ Huffman, Roy., Irrigation Development. and Public Water Policy, (New
York: The Ronald Press Company, -1953), p. 43. '





























































































































































































































































































































































