
ST/ESArt03

Natural Resources/Water Series No. 8

EFFICIENCY AND DISTRIBUTIONAL EQUITY
£.. .THE USE AND TREATMENT OF WATER;

GUIDELINES FOR PRICING AND REGULATIONS

prepared jointly by
Department of International Economic and Social Affairs

and

Department of Technical Co-operation for Development

UNITED NATIONS
New York, 198<T

TpAtt/zt')ymo



r mattmimKii^ummmntutimnmmmjMauuu,^f^l^fflW-w^fi

CONTENTS

Foreword

Chapter

I.

II,

BASIC ECONOMIC PRINCIPLES

A. Introduction

1. Basic economic questions

2. The role of prices

B. Some useful concepts and terminology
1. Demand **

2. Price elasticity of demand

3. Opportunity cost

k. Social cost

5. Value and .cost

C. Efficiency and distributional equity

1. Economic efficiency

2. Equity and income redistribution

3. Costs of administration

k. Economic solutions to political problems
D. Marginal cost pricing

1. Three simple cases

2. "Requirements" versus "demand functions" as guides
to investments

3. Why isn't marginal cost pricing more widely used?
E. Regulation of privately-owned utilities

SUGGESTIONS FOR CLASSIFYING WATER-RESOURCE SITUATIONS

A. Problem-solving

B. Classification of water resource situations

1. The value of water

2. Seasonal pattern of water values and costs of storage

-VI-

^te^-X%i^<^^A'-j;^.s^^

Page

iii

1

1

1

1

2

2

3

3

5

5

8

8

9

9

10

10

11

^



^W*irtW^*m**«f?V-r;->---^-'-«"-^-^-

3. Considerations which make the transfer of water
among regions and countries difficult

k. The importance of water quality

5. Flooding and drainage problems
6. Interrelations between surface and ground water-

Ill LEGAL INSTRUMENTS FOR THE ALLOCATION AND USE OF WATER:
LAWS, OWNERSHIP AND REGULATIONS

A. Introduction

B. Types of water ownership

1. Private property**

2. Government ownership

3. Common property rights
C. Order or priority among different uses and/or users
D. Quantification of water-use rights

E. Water rates and pricing policies

F. Transfer of rights

G. Protection and enforcement of water-use rights

H. Duration and loss of rights

I. Administrative powers

IV EFFICIENCY IN THE USE OF WATER FOR IRRIGATION AND THE
ROLE OF PRICES AND REGULATIONS

A. Introduction

B. Physical and economic efficiency, value and resource
combinations

1. Physical efficiency

2. Economic efficiency and marginal cost pricing
3. The relation between the value of water and observed

physical efficiencies

C. Factors affecting prices and regulations for irrigation
water

1. The value of water

2. Government recovery of capital investments and subsidy

-VI1-

F»«e

16

17

17

18

19

19

19

20

2D

21

22

Zh

2*

25

2T

30

31

32

32

33

33

3T

37

38

39

39

^iiiia^tf^^^a£



P^iSSESS^^

. :--.,*r^-«-.wtoa-»*.

Page

3. Number of farmers involved ^1

h. Uncertainty and variability in water availability M
D. Alternative systems of delivery to the farm ana pricing *2

1. Pricing structures |»2

2. Systems of delivery ^2

3. The relation between system of delivery and
efficiency *3

E. Brief review of actual practices

1 The Forld Bank: cost recovery goals and performance
of Bank projects ^

2. Israel: moving towards an efficiency allocation
of water ^8

3. Mexico: evidence relating irrigation efficiency to
the method of charging 52

h. India: diverse rate structures and low chairges 57
5. Peru: estimating the value of irrigation water and

some alternative pricing schemes 63

F. Conclusions and suggestions regarding irrigaticm water
pricing jg

WATER AND WASTE CHARGES TO HOUSEHOLDS AND INDUSTRIES 82

A. General principles and practices 82

1. Factors affecting urban water use 82

2. Users pay costs of service 83

3. Prices do have an effect on consumption Qh

h. Metering water supplies 92
5. Price policy alternatives 98

6. Summary and conclusions regarding prices IOT

B. Review of actual practices in

1. Water and sewer pricing in the United States of America HI

2. The water supply tariff in Bangkok 117

3. Community water supplies 122

C. Suggestions regarding charges to households and industry 126

-viii-



xm^i-mw

Page

VI. WATER QUALITY MANAGEMENT IN STREAMS AND THE ROLE OF
EFFLUENT CHARGES

A. Water pollution problems and alternative solutions

1. Alternative solutions

2. Optimum pollution levels

3. Fairness of national regulations

U. Effluent charges versus permits

5. Not all problems are worth solving

B. Evaluation of effluent charges in four European countries

1. Comparison fi£ actual systems

2. Criteria for evaluating actual effluent charge policies

3. Application of these criteria

h. Desirable components of an effluent charge system.

5. Additional observations

C. Comparative analysis of methods for defining standards or
water quality in the ECE region: results
of a recent study

D. Suggestions regarding water quality "management in stream*
and the role of effluent charges

VII. SUMMARY OF CONCLUSIONS

I.

II.

III.

IV.

V.

Annexes

AN ILLUSTRATION OF MARGINAL COST PRICING

A FRAMEWORK FOR THINKING ABOUT RESOURCE VALUES

TRENDS AND MOMENTUM RESULTING FROM THE UNITED NATIONS WATER
CONFERENCE

DRINKING WATER SUPPLY AND SANITATION: RECOMMENDATIONS 0?
HABITAT AND THE UNITED NATIONS WATER CONFERENCE
COMPARISON AND ANALYSIS OF METHODS FOR DEFINING STANDARDS OF
WATER QUALITY: REPLIES RECEIVED FROM EUROPEAN COUNTRIES IH
RESPONSE TO A QUESTIONNAIRE (UN ECE, 1978)

REFERENCES

-IX-

j...„_._-______„ . _:_ -;.^__.v „-—._ , __

^^^.-.•^•^•^^t^JU'i.-^-- -• .••••:.•••. . ... .. -_. • , ;-' ••_• ,,-;;.••;-:..; --•• ....-•-•• '.•-.•• •' _

128

128

128

131

132

132

13k

135

135

138

139

lUO

lU2

1*3

lU

151

153

15T

160

1SU,

168



mmmmm^'^^m(wi?i?m,i*«KMi>uM'ji*&**M'MiiiWtfm*k^

List of tables
Table

1. Global irrigation efficiencies: conveyance, application and overall
fLtors?^ Bl0bal regi°nS gr°UPed by Climatic «* socio-economic

Hypothetical illustration of the effect of wages and the value of water
on the selection of optimal (economic) irrigation ^thcS a^ relief
application efficiency.

Level of subsidy of irrigation water in selected countries/regions.

efficienciesStem °f deliveiT °n comPonent ** overall irrigation

Sample comparison of estimated level of water charge collections and
operation and maintenance costs at full development.- H, projects.

Cost recovery index and proportion of water charges to incremental
farm income: 17 projects.

Water rates in Israel, effective 1 October-J.977.

Structure of irrigation water charges in Mexico, 197P./72.

Differences in the application efficiencies of districts vitfc fixed
and graduated water charges, 1971/72.

Use of irrigation in India, I967-68.

Effect of water management practices on rice production at Central Road
Research Institute, Cuttback, India.

Summary of net incomes and resource values estimated *>y the residual
method and by linear programming.

Resource values, optimum crop plans and net incomes in Canete with
various levels of water and no new investments in land or water.

Steps on the supply curve for irrigation water in Cafiete.

Implicit values of -.-ater and land in the basic solution for Cafiete.

Data and assumptions used in calculating water fees for Canete.

Summary of alternative systems of water fees for collecting the same
annual sum in the "future" valley of Canete.

3.

k.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Hi.

15.

16.

17.

,tfirir^i:tiuv.^Vr'r"::;i-.'iW»riMBf

•*'*"• ••'• - /--~=-Trr^$&£jzjii*%i%+.v-;:%££%

-x-

ii7nrTifiirr^--rrffrtiTrif-'-:;-;-:i""^i,rJ: r;feffV.rf^n"ti^^

^ag^aaaiEMfciife^gfti



List of tables (continued)

Table

18. Main explanatory and policy variables of water use for each
urban sector.

19. Annual average per capita domestic (in-house) water use for
metered rate and non-metered (flat) rate areas.

20. Price and income elasticities for household water demand from
eight studies.

21. Influence of metering, marginal prices and property value on domestic
water use in Canada.

22. Comparison of metered and non-metered systems - sprinkling demand.

23. Water rates for the city of Raleigh, North Carolina, effective
1 July 1977-

2k. Hyoothetical example showing years additional reservoirs will he
needed and total costs under three pricing schemes.

25. Costs of water by city size, United States of America, 1972.

26. Summary of waste strength charges in kg cities in the United States of
America/1976.

27. Industrial response to water and waste-strength charges, elasticities
for the United States of America.

28. Estimated water charges as a percentage of estimated monthly income
in 12 selected cities.

29. Evaluation of effluent charge policies.

30. Irrigation and drainage targets 1975-1990.

31. Community water supply and sanitation: Population served and to be
served (Habitat target) and investment requirements.

32. Parameters taken into consideration when classifying water quality in
10 countries.

-XI-

*.-

c,^k,-^;tf,&*TimMfaw%Wri,i*\*&->tntr4t(a4&imm^
h^-vifp^^SPSnasw :yt^^fpS^$i- 3

if tl*»*9.W.lti>Ji<m>S!i<< iii^ni.Mfr»tfjiiirtw 113*

""

••F-3^-'



< »

List of figures

Figure

I. Linear demand curve and related elasticity values

II. Total and marginal costs, values and their relation

III. Disposition of water diverted for irrigation

IV. Horizontal summation of individual demand curves and marginal
benefits

V. Semi log graph of**Nowra per capita non-industrial water consumption

VI. Social benefits from metering and volumetric charges

VII. Declining block pricing \

VIII. Incremental block pricing

IX. Peak responsibility pricing

X. Simple illustration of optimum use of a small section of a stream

XI. Illustrating the dynamics of marginal cost pricing

XII. An illustration of the division of net income per hectare between
water and land

XIII. Supply and demand curves for water

-xii-

i^if^^^^



,-mnminiMiA WWJQ7iyi!t!QP%f^

~£ven though we may consider these recovery ratios low, they, are probably
much higher than the average recovery ratio for comparable projects not financed
by the World Bank. That is, pressure from the Bank towards fiscal self-sufficiency
of individual projects probably had some effect.

.-,conomists favour fiscal independence for different reasons than does the
banker. It contributes to better investment decisions in the future. If users
know that they will be paying for a project then they will participate more
actively in the decisions regarding that project. Also, if decision makers
know that they will be paying for a project then they also will participate more
actively in decisions. Also, if decision makers know that users will have to pay
for a project then they will study more seriously the actual benefits to the
users in order to predict actual usage. More important perhaps is the concern
that charges for water be based on the "marginal cost pricing" principle, which
requires knowledge of the quantities (volumes or shares) of water actually used.

2. Israel: Moving towards an efficient allocation of watesr

Water management in Israel provides an example of a situation in which water
has high value and useful lessons have been learnt on how to use it efficiently.
Most of the material below has been condensed from a paper pn-epared initially
for the neeting of the Ad hoc Group of Experts on the Achievement of Efficiency
in the Use and Reuse of Water, held in Israel in 197*», and uipdated later as a
thematic paper for the United Nations Water Conference (Arloisoroff,1977).

(a) Water pricing

Internal political pressures and a great deal of trial and error have
led to the tariff structure described in table 7- Most wate-r is sold under the
unifom tariff structure for municipalities given in sections AJ. of the table.
Increasing block rates are used in which the households have> three rates, sharply
increasing from $2.1*6 per m3 under 8 m3 per month to $6.l6 per m3 for any amount
above lo m3. Agriculture, industry, hotels and services hawe two pricesz low
prices for water within the official allocations and higher prices for any water
purchased in excess of these quotas. Hospitals, educational institutions and
security installations have about the sane penalty (marginal) charge as households,
$6.l6 per m3.

The rates for exceeding quotas are less for agriculture, public gardens,
industry and hotels than for the others listed. Commercial establishments such
as laundries and restaurants have flat rates for all the water they use.

There are plans to use more treated waste water from the cities for crop
production in the future. There may be a need to establish special incentives
to encourage full use of this water by farmers and induce efficiency in the process.
Large users could make contracts with cities to manage waste treatment plants
ar.d^nake specific contracts to handle industrial wastes, including provisions
for limiting the discharge of toxic substances.

-1*8-
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This tariff structure contributes to the twin goals of redistributing
irrcne and nrcroting efficient use. The most favoured sector is clearly
agriculture*. The highest rate for agriculture ($0.85) is less than the s-tarting
rate for all other users except public gardens. Swimming pools, fish mongers,
laundries and industry also receive preferential rates. Greater efficiency in
water use could still be encouraged by adopting a uniform penalty rate based
on opportunity cost or price rationing to achieve full use of the available
»=._•=_

CbD Use of water in agriculture

Water allocation for agricultural purposes is based on a systera. of
mial licenses. These are norms and maximum quantities of consumption related
the various agricultural crops. The allocated water'quantity is the sum of

the aooropriate norms times the cultivated areas. The norms are calculated on
the "basis'of economic and efficient -*ose. If the farmer is wasteful he wiill find
himself unable to sustain his whole farm on the annual quantity of water
available to him. Thus, the allocation provides the main incentive for efficiency.
Over-consumption is also discouraged by payment of a penalty rate.

In addition, the Minister of Agriculture, by power of his legal authority,
has issued regulations restricting the use of water in fish ponds, poultrzry
houses and orchards (the largest consumer of water in Israel). The purpHDse of
tne regulations concerning water use in orchards, for example, is to encnourage
and "Drcaote efficient methods of water utilization, both in the engineerring and
economic contexts. A study of water consumption in orchards indicates tthat the
use of various devices has resulted in saving considerable quantities off water-
In order to provide the incentive for this form of water saving, the reflations
stipulate that water saving achieved through the use of the said methodss and
de-rices shall not reduce the right of the consumer to receive the full quantity
of vater originally allocated to him including use on another site.

The activities of the Water Commission in this programme consist of developing
efficient irrigation methods and systems, fostering their introduction by the
farmers, granting loans at attractive interest rates, reducing market prices of
vater saving appliances, and of education projects. The co-operation of the
farmer can be best secured by bringing about an increase in his income. However,
the farmer must be given guidance and information as well as financial incentives.
~£e Eust be induced to improve his systems of irrigation and thus save money and
labour in addition to water.

Of the 200,000 hectares of land under irrigation in Israel, 90 per crent is
irrigated by sprinkler and drip methods. This is the result of deliberate steps
-.alien by the authorities to finance and otherwise encourage the replacement of
cravity irrigation by closed-pipe systems over the past two decades. The national
vater system is capable of supplying water at suitable pressure for sprinkler and
drip irrigation without the need for boosting. It is an integrated national
system, with farms working to an "on-demand" schedule within a preset over-all
-„4-„er auota. The following considerations influenced the selection of trsis system:

*~
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(a) Sprinkler and drip irrigation systems make it possible to control
the rate, amount and timing of water application and improve the over-all
uniformity;

(b) The sprinkler and drip systems can be better adapted to the topography
of the land and the shape of individual plots, while the Irrigation rate can be
easily adapted to soil type, climate and crop age at each, plot;

(c) Sprinkler and drip systems are easy to operate; this is particularly
important when land is being developed and farmers have little experience.

\ /

Drip irrigation is widely used for cultivating vegetables and vineyards
and has recently been applied in cotton fields. Being stationary, drip irrigation
systems lend themselves to the use of automatic water-control devices and a high
degree of irrigation efficiency can be achieved.

*•»•

The inevitable result of labour and/or water shortages, increasing costs,
rising food prices and decreasing water quality, is an Increasing need for and
development of automated irrigation systems.

It is quite simple to set the automatic metering valve to deliver any
prescribed volume of water, so there is no fear of excess discharge due to
pressure fluctuations or forgetfulness. This device increases irrigation
efficiency; and though it does not eliminate manual labour, it does reduce it.

Agriculture can enjoy the benefits of outside Initiative in the development
of electronic data-processing and control equipment, but most of the sensing
devices are specific to agriculture and, apart from any problems regarding the
profitability of automation in relation to labour costs and the value of
additional production, they must activate and stop irrigation according to
sound principles. Fully automated sprinkler and drip irrigation systems are in
operation. Water applications are done by computerized scheduling based on
considerations of water availability, climatic conditions, soil properties and
marketing factors. Among the main problems in this regard are the great efforts
needed to develop the data requirements for sound computerized scheduling and
the desire to update computer programmes based on experience.

3. Mexico: evidence relating irrigation efficiency to the method of charging

One of the few studies that documents the relation between the method of
charging for water and irrigation application efficiency was made by Schramm
and Gonzales (1967) in Mexico. The study demonstrates that charges based on
volume or the number of irrigations makes farmers more careful in their use of
water (thus contributing to application efficiency), whereas flat rate charges
per hectare or per season give no incentive to conserve water.

Table 8 shows the great variety of rate schedules in use in Kejcico, a
situation typical of many countries. The schedules are of three general typesr
charges related to volume of water use, fixed charges not related to volume of
use, and a third type that includes elements of both types.
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