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ABSTRACT

The industrial revolution was a turning corner in the history

of water management. New techniques helped to design multipurpose

projects.	 Industrial expansion, urbanization, and changing life styles

in the developed countries have ultimately resulted in multiobject ive

planning with environmental quality and national economic development

as co-equal objectives. However, there are still big lags between the

developed and developing countries in this respect, and even in the

developed countries, theory and practices of water management are fol-

lowing different directions.

It is also true that application of sophisticated computerized

models alone do not guarantee planned objectives. Inadequate data,

non-availability of funds, standard materials and equipment, skilled

labor, and inadequate implementation capabilities retard the execution

of plans and inappropriate operation can scale down actual achievements.

This calls for a periodic hindsight evaluation of operating projects.

The "cost-effectiveness approach" has been found to be the best tech-

nique as it can be applied for "ex-ante" as well as "ex-post" evalu-

ation, comparative evaluation of more than one objective, and for both

tangible and intangible measures of effectiveness.

For evaluation of water management under different socio-

economic conditions, performances of the Wellton-Mohawk Irrigation

District (WMID) in the U.S.A. and the Salinity Control and Reclamation

xi i



x iv

Project No. 1 (SCARP-I) in Pakistan have been compared. While the

American system is flexible enough to accommodate any subsequent tech-

nological innovation and can supply full water requirement for any

cropping pattern, the water system in Pakistan is characterized by an

inelastic 7-day fixed roster for water supply, not capable of meeting

crop needs even for 500/ of the presently irrigated area. The shortfall

in SCARP-I can be attributed to conceptual lapses, idealized planning

assumptions, inappropriate engineering design, water quality and mana-

gerial constraints.	 It is also clear that the desalination plant for

treating return flow from Wellton-Mohawk cannot be justified on tech-

nical, economic, and environmental reasons.

The following suggestions can be made to remove management

constraints in the developing countries in general, and Pakistan in

particular.

1. Improved technologies may be introduced by renovating existing

studies and research programs at the university level. Tech-

nical assistance available from a number of foreign sources

may be pooled and reorganized to meet the desired objective.

Instead of individuals of single discipline, multidisciplinary

teams of professionals should be trained abroad to make the

process of planning and management more effective.

2. Nucleus planning cells may be created at the subdivision level

to benefit from farmers' participation in water management.

3.

	

	 Implementation capabilities must be improved to accelerate the

pace of project execution.
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4. Operation criteria must be evolved objectively at the planning

and design stages.

5. Adequate financial allocation must be made during implementation

and operation.

6. More dams are needed for flexible water management, power

generation, and flood control. Water control should be shifted

from barrages to dams as early as possible.

7. Latest rain harvesting and runoff agricultural techniques must

be introduced in dry farming areas in the upland plateau.

8. Small farms should be aggregated into cooperative units of 250

to 350 acres and farm layout redesigned, water courses re-

aligned and lined in sandy reaches.

9. Extension service should be reactivated to educate farmers, in

addition to launching a crash program on the pattern of the

literacy campaign in Iran.

10. Private tubewells in sweet water zones and public tubewells in

saline and marginal zones will improve flexibility of the

system and save large public funds for executing important

complementary programs to optimize benefits from water

managements.

11. More emphasis should be laid on planning, operation, and ex-

post evaluation of public investments in the water sector.



CHAPTER I

INTRODUCTION

1.1	 Retrospect 

The management of water resources to match the available supplies

with progressively increasing and changing water,demands must be prag-

matic, flexible and dynamic. The conventional approach, to conceive

and plan only structural or engineering solutions to meet the new chal-

lenges posed by industrial expansion, population growth, technological

advancements, changing human attitudes and life styles and growing con-

cern for preservation of environmental quality, is destined to yield

sub-optimum results. The situation thus calls for a multidisciplinary

approach assisted by modern analytical tools for planning, evaluation

and decision-making. The methodologies for plan formulation should be

responsive to changing socio-economic objectives, better and faster

techniques of evaluative analysis, and an advancing technology for plan

implementation. Present stage is, however, characterized by resistence

of established agencies to change; inertia of political pressure groups

seeing a threat to their special interest; inertia of existing law; and

lack of financial and technical resources. 	 If this trend continues,

the end of the current century may mark the beginning of limits to

growth on the planet earth.

Today agriculture is the largest consumer of water and need for

more water for agriculture is already so pressing in many developing

1
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countries to meet the food and fiber needs of expanding populations.

Despite this urgency and common interest, outlook for water resources

development vary from nation to nation. The optimism of Zimmerman

(1951) that "Resources are not; they become" is not shared by many

people as it is recognized that at the presently known level of tech-

nology there is a definite limit up to which resources can be employed

gainfully under different socio-economic conditions. Therefore,

"Objective Function" as well as "Production Function," as these apply

to water resource development, cannot be uniquely defined for all parts

of the world.

As the days of assumed water plenty pass by, demand considera-

tions, efficiency in water use and water quality control will play a

pivotal role in pricing, allocation and overall management of scarce

water resources. There is a strong tendency on the part of economists

to advocate the strict application of market mechanism to the allocation

and pricing of available water resources in a given setting, as in their

opinion water is a factor input into the production process, rather

than a free good gift. The consequence of implementing such a proposal

would be particuarly detrimental to the agricultural uses. Everyday

decisions by politicians also affect the water resources in a number

of ways. For example, if a new plastic industry is to be created, it

may require 1000 to 2000 tons of water for each ton of product, most of

which will be returned to a river as polluted effluent. Or if the deci-

sion is made to develop agriculture in a dry region the water require-

ments may range from 1500 to 3000 tons of water for each ton of wheat,
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which may not compete well with some other water uses. Such situations

can be avoided by rationalizing the process of decision-making so that

logic is not overruled for reasons of expediency. Application of system

analysis and modern decision theories can help in this matter.	 It is,

however, necessary to recognize the impact of socio-cultural stratifica-

tion, level of education, technology and economy, and political priori-

ties, which severely limit the applicability of sophisticated

mathematical models to real life situations in the developing countries.

A number of plans drawn up by foreign consultants for developing coun-

tries failed to achieve the planned objectives simply because these con-

straints were either totally ignored or not given due weight and

unrealistic assumptions were made to fill the data gaps and foreign tech-

nology was transferred without adapting it to suit local conditions.

In the developed countries the methodologies available to water

resource planners are undergoing a revolution based on extensive research

studies, rational conceptual approach (systems engineering), effective

methods of mathematical analysis (operation research), and computa-

tional facilities. Proponents of mathematical models argue that these

can significantly aid the decision-makers to arrive at better decisions

than otherwise possible by broadening their information base, by pre-

dicting the consequences of several alternative courses of action, and

by selecting a suitable course of action which will meet the planned

objectives. Despite these high sounding statements, very few models

have actually been employed for water resource management so far, even

in the technically advanced countries, let alone developing countries.
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L2	 Purpose and Objective 

The purpose of the present work is to highlight the gap between

available knowledge and current practices, and to find ways and means

to bridge this gap. Because more glamour and prestige are attached to

scientific discovery than to practical application, the solving of real

life problems has in the past attracted insufficient attention. Now,

however, it is increasingly realized that solving of these problems is

a precondition for scientific advancement, and indeed for survival of

the human race itself. The emphasis in this study has, therefore, been

placed not on pushing back the frontier of knowledge, but on the great

amount of knowledge already available in relation to actual problems

facing those responsible for water development and management.

The study has been illustrated with examples from different

socio-economic settings, and the results can be hopefully employed by

practicing engineers and planners, particularly in the developing coun-

tries. The study is spread over the following three phases:

a. Review of current strategies, objectives, methodologies and

practices in the field of water resources development and

management. The applicability of "cost-effectiveness" approach

to the hindsight evaluation of completed water projects, has

been also tested.

b. identification of management constraints under different socio-

economic conditions.

c. Suggested management techniques which may be profitable to plan-

ners and decision-makers not only in Pakistan, but in other



developing countries of the world also, where relevant condi-

tions are comparable.

1.3	 Means to Realize the Research Objective 

a. Critical appraisal of the current literature on application of

operations research, mathematical models, system analysis and

decision theory to the real problem in the field of water re-

source development and management.

b. Hindsight evaluation of existing reclamation projects in Pakis-

tan and the United States of America (U.S.A.) to pinpoint

management constraints under these two extreme socio-economic

settings. Experience gained in a few other countries of the

world has also been utilized at appropriate places in the study

to make it broadbased. For the first time the "cost-effective-

ness" approach has been applied for ex-post evaluation of an

operating water development program. The special feature of

this methodology is its applicability to both ex-ante and ex-

post evaluation of water resources development programs. A

number of alternatives can be evaluated simultaneously by this

method, so this is a very useful tool for a comparative evalua-

tion of more than one project.

c. Based on the comparative evaluation of management techniques

applied to water resource developments in Pakistan and U.S.A.,

and analysis of the reasons for the shortfalls in the planned

objectives, a range of choices for water management techniques

5



best suited to different socio-economic conditions has been

identified to assist future planners, decision-makers and

managers of water resource development.

6



CHAPTER 2

HISTORICAL OVERVIEW OF WATER MANAGEMENT

2.1	 General 

Mussivand (1972, p. 19) said, "The objectives of water resources

management vary around the world according to locale, political and

socio-economic structure, level of technology needs and priorities."

This also corresponds to an earlier historical overview of water manage-

ment presented by OrRiordan and More (1969). Man's first need was for

a drinking supply for himself and a little later for his domesticated

animals. Then came navigation on the waterways to move quickly and

cheaply from place to place.	 In the drier climates water was used

• early for irrigation and in wetter, low-lying areas later drainage

schemes made the lands habitable. Dams, dikes, embankments, canals,

qanats, waterwheels, aqueducts, and tunnels were employed long before

the Christian era.

Increased production of goods, rapid urbanization and improve-

ments in life styles of growing world population entailed a diversified

and ever increasing consumption of fresh water, the quantity of which in

nature is fixed. As the distribution of water resources regulated by

the hydrologic cycle is stochastic, both in space and time, the possi-

bilities of their profitable use and also the aversion of flood havoc

can be improved by judicious water management, which would depend on the

level of technology, political commitment, investment of financial and

7
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technical resources and administrative capability of the society in-

volved in a given setting.

2.2	 Past Experience 

A comprehensive review of water management, since prehistoric

times, can be found in many books and writings. Contributions made by

ancient fluvial civilizations in the field of water management have

their origins in fascinating legends. The story of water and man is

incomplete without a mention of niches, mystics and images, some of

which persist in some forms even today. As analyzed by Teclaff and

Teclaff (1973), hydraulic engineering developed by "hydraulic" civili-

zations was not surpassed until modern times, and their means of data

collection and awareness of the nature and interdependencies of water

systems were quite sophisticated. The diversion of the Nile and recla-

mation of its left bank around 3000 B.C., the 370-mile long Pallacopas

canal and 250-mile long Nahrwan canal running parallel to the Tigris,

and Shattel-Hai canals and Hammurabl's Code of Operation in Mesopotamia,

qanats in Armenia and later in Persia, dikes, navigation channels,

public well-land systems and classic Li-Ki of ancient China, flood

proofing, water supply and sanitation systems in the cities of Mohen-

jodaro and Harrappa in the Indus Valley, water tanks in Ceylon, dams in

Egypt and Yemen, Roman aqueducts and tunnels, and water mills in Europe

and Persia, bear testimony of impressive feats of engineering skills

undertaken at a very early period of human history.

The evolution of hydroscience in its present form also has its

roots in ancient ingenuity, as explained by Biswas (1971). Milometers
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and other gauging devices were in operation in 3000 B.C. Despite such

a long sojourn of man and water, however, the complete knowledge of

hydrologic cycle is still an objective to be achieved.

We have, however, learned the following lessons from the

ancient history of hydrology and water management:

1. King (1961) observed that Roman engineers never mastered

the art of making pressure-tight joints in large pipes. Conse-

quently, they could not lay a pipe to carry water across a

valley under pressure; so they used monumental works of high

arches carrying comparatively small conduits across valleys.

2. A Panel of U.N. Experts (1970) reported that:

a. Some of the ancient water works were abandoned, for reasons

of changes in human needs and technology. For example,

Roman aqueducts at Nimes in France, fell into dispair, after

only a century's use on account of population shifts that

reduced this prosperous city to a village. When residents

of Nimes again needed water, they found a better source

nearby.

b. Many waterworks were abandoned as a result of human failure

to sustain a social system which would permit the mainte-

nance of these works. Early irrigation systems in Meso-

potamia fell into ruins mainly because economic distress,

political unrest and/or climatic variations prevented the

proper maintenance and repairs of upstream terraces, canals,

ditches, dams and flood works, resulting in social deterio-

ration, siltation and breaches.
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c. Some water works were abandoned in the wake of catastrophies

which were apparently beyond the technology of earlier times

to cope with, and which caused heavy damages exceeding the

power of the society to repair effectively. Failure of

Sadd-el-Kafara dam in Egypt and the collapse of Mohenjodaro

in the Indus Valley are examples of this kind.

3. Hamadan (1961) expressed the view that when control from the

center declined in Egypt, land went out of cultivation, es-

pecially on the desert margins, where salts and sands were

present to promote desert encroachment or desertification.

Apathy and neglect are believed to have been the reasons why

Egypt lost forever some 1.5 million acres of irrigated land

(the Beraris of the delta) in the period of the late Romans.

The canal network broke down, hindering the flow of drainage

water to the sea and the once fertile land, on which the excess

water evaporated into a saline crust, became an alkali desert.

4. As described by Chi (1936), during China's feudal times, water

control became a weapon in interstate struggle. As more and

more dikes were built, they encroached so much upon the natural

channel of the river that dikes broke and floods became frequent.

Another evil, drainage and appropriation and occupation of the

so-called Wei-land, or lake and river bottom land, brought the

twin and alternating curse of drought and flood to the land of

common people. Little could be done, as it was largely govern-

ment officials themselves who were responsible for the drainage

and who owned the choicest land.
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2.3	 Present Situation

Chronologically, present day water management has its origin in

the post-industrial revolution events. Needs for irrigation, water

power, navigation, flood control and water supply experienced a sharp

increase. New techniques made it possible for engineers to undertake

larger and more spectacular works, such as huge diversion weirs in

India, and navigation and municipal system canals in Europe. Need for

industrial water increased, which was linked with the need for fixing

standards of water quality for human consumption as disposal of industri-

al waste into natural streams introduced what is now called "Pollution".

As reported by a Panel of U.N. Experts (1970), even in the new

projects being constructed during this period, the prevailing pattern

remained one of building single projects to serve single purposes. Thus,

in some basins, benefits to agriculture stood out above any other use

of precious water. There were, however, some exceptions also. Some

navigation works, for instance, reduced flood levels; many irrigation

channels also supplied domestic water and waterwheels were operated on

certain canals. But multiple purposes generally were not served by a

single project. Multiple-purpose use of water in single, large projects

on a wide scale, is a relatively recent development stemming from rapid

technological innovations.

2.3.1 Multipurpose Development

More specific has been the addition of power production to the

purposes of a flood control dam, since the turn of this century. Pro-

ceeds from electricity sales invariably reduce the cost charged to the
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main purpose, and in favorable circumstances like Snowny Mountain

scheme in Australia for instance, offset the cost completely. This

prospect provided the impetus for the plans of development of the Rhone

River, where the total costs for navigation and flood control works

were to be repaid by electricity sale.	 In the opinion of the U.N.

Panel, the concept of multipurpose development had both technical and

non-technical origin and it was motivated by the overriding dictates

of market mechanism. There was a growing awareness that natural re-

sources in general and water in particular are limited. The magnitude

of the waterworks undertaken during the first decade of this century,

and the large amounts of capital they required, called them to the

attention not only of engineers, but of statesmen, decision-makers,

financiers, economists, geographers, lawyers, and environmentalists, in

the U.S.A. and elsewhere.	 In the discussions taking place within these

continuoùsly enlarging circles, multiple purposes to be included were

more completely enumerated. These were fisheries, wildlife, preserva-

tion, recreation and the like, in addition to conventional uses of

irrigation, flood control, power generation, municipal and industrial

uses.

2.4	 Water Management in U.S.A.

2.4.1 During the Nineteenth Century

Water development in the nineteenth century was dominated by

the "Go West" drive in the U.S.A. 	 Its story as told by Teclaff and

Teclaff (1973) divides rather neatly into two distinct periods.	 In the
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first period the activities remained localized in the humid East, and

were directed chiefly to overcoming natural barriers lying across the

westward expansion. In the second, the center of activity shifted

beyond the Mississippi and the main effort and emphasis was to make the

semiarid and arid West into a flourishing garden.

The California gold rush and other mining activities in the

Mountain West had three consequences:

a. they contributed to the growth of irrigation agriculture,

b. they created, in placer mining, a considerable demand for water

on their own account, and

c. they led to the institution of an entirely new legal regime

for the use of water.

By 1890, about 3.7 million acres were under irrigation practi-

cally all in the seventeen western states; and after a decade the figure

had more than doubled to almost 7.5 million acres. Between 1850 and

1900, Utah's population had increased 25 fold, New Mexico's had more

than tripled, California's had multiplied sixteen times, and that of

Texas fourteen times.

Technology, coupled with discoveries of concrete, steam and

electric power contributed to a developmental philosophy, in tune with

a belief in the inevitability of human progress and the capacity of man

to conquer his environment. Another was a frontier legend, a pastoral

epic of rugged, simple, honest folk triumphing over nature to carve

out a civilization in the wilderness.
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2.4.2 Water Laws

The industrial growth, mining rush, "Go West" drive and Home-

stead Act of 1862 have mutually prompted the replacement of the natural

flow version of riparian right doctrine with "reasonable use" version,

"mill law" and prior appropriation. All these changes promoted over

development and relegated environmental, esthetic and conservational

aspects to inferior status. Among the "beneficial uses" as applicable

for the establishment of appropriative rights, irrigation, the most

consumptive one ranked first or first after municipal uses. As seen by

Teclaff and Teclaff (1973), the objective of these state statutes was

not so much to promote irrigation per se, to encourage settlement, but

the effect was generally to inhibit any change of purpose to a more

preservationist use at any time in the future, even if this were ulti-

mately to be considered beneficial, for this would mean losing priority.

2.4.3 Federal Actions

In the opinion of conservationists, the inactivity on the part

of the federal government during the nineteenth century is mainly

responsible for the damages done to human environment through inef-

ficient appropriation of rights over river and stream waters. Mills

and mill dams became prolific on many streams. Only symbolic distribu-

tive policy actions were taken by the U.S. Congress through the fol-

lowing acts, most of which promoted the cause for development.

a. 1809 Act for improvement and extension of Corondelet canal to

improve the defenses of the City of New Orleans.
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b. River and Harbour Act of 1824, to authorize removal of spec-

ified sand bars and other obstruction from the Mississippi and

Ohio rivers as an aid to navigation.

c. Federal Desert Land Act of 1877.

d. Mississippi River Commission 1879, to prepare flood control

plans for the lower Mississippi Valley. This was primarily

motivated by exceptionally large floods during the 1860's and

1870's, which destroyed many of the levees that had been built

by state and private interests.

e. California Debris Commission 1893, which included regulatory

measures for issuing permits for hydraulic mining operation

(granted only when all gravel was satisfactorily impounded and

no harm done to streams). The commission was also to adopt

plans to improve the navigability of the Sacramento and San

Joaquin river systems and restore them to the conditions

existing in 1860. This was the first decision of the federal

agency in the water resources field, with a multipurpose

objective and so became the barlinger of a whole new era in

water management.

2.4A Twentieth Century

Between 1900 and 1910 the energy output of mineral fuels and

water power began to exceed that of work animals and human workers.

From that point production accelerated and so did water uses and

management. In the first 30 years of the century total water use rose

in the U.S.A. from 4 to 110 billion gallons daily. Half or more of



16

this amount was accounted for by irrigation agriculture, and practi-

cally all of the irrigated acreage was in the water short western

states, where it had increased from about 7.5 million acres to over

14 million acres between 1900 and 1930.

2.4.5 Multipurpose and Multiobjective Programs

As soon as the distribution of power was possible over in-

creasingly wide areas, it became apparent that power production not

only can be combined with other purposes and uses, such as irrigation,

inland navigation and flood control, but also it can pay for their

developments. The Bureau of Reclamation created under the Reclamation

Act of 1902, combined power with irrigation in several early projects --

Pathfinder Dam, Buffalo Bill Dam, and Roosevelt Dam, which also

included flood control. These projects were on a relatively modest

. scale, but by the 1930's a new era was ushered in with the authorization

of Hoover Dam, 726 feet high, to serve for irrigation, power production

and flood control. This also marked the beginning of comprehensive

development of an entire river basin, which was made possible by the

following important events in the U.S. history:

a. Federal Water Power Acts of 1920, 1925, and 1927. Congress

through these acts authorized a comprehensive investigation of

the nation's rivers with a view to possible coordination of

navigation, flood control, irrigation and power development.

The Corps of Engineers proceeded to implement it, in the form

of so-called "308 reports" with about 200 separate studies of

important river basins.
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b. Widespread disastrous floods of 1927, 1936, and 1937 and the

dust bowl of the 1930's created alertness to do something

quickly.

c. Following the market collapse of 1929, basin wide planning

became part of a general development of natural resources to

stimulate employment and economic recovery, and the Tennessee

Valley, being one of those most badly hit by the Depression

was the first basin to get the benefits of comprehensive

development, under the T.V.A. Act of 1933. Thus, the 1930's

marked the high point of a long progression, a convergence of

three distinct concepts: multipurpose projects, comprehensive

river basin planning and regional development. However, as

seen by Donovan (1973), the T.V.A. Act gave an explicit mandate

to achieve specific (compared with rather non-specific ob-

jectives) if not perhaps wholly clear, economic and social goals.

2.4.6 Clashes of Interests

Although T.V.A. flourished and became the prototype for compre-

hensive river basin development all over the world, none of the other

ten basins, which the President's Committee on Water Flow had recom-

mended at the same time for similar treatment were provided with such

an administrative structure. As Fox (1973) explained, these multi-

purpose concepts of water management created considerable clash of

agency interests between the Bureau of Reclamation and the Corps of

Engineers, resulting in duplication of efforts. A number of
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overlapping plans were prepared, which could not be merged into a

single plan, till recently.

2.4.7 Goal of Economic Efficiency

Donovan (1973) noted that federal planning has always been

concerned with "general welfare" of the people it serves. However, in

the early years of the nation's history there were essentially no

planning, or certainly no long range planning for water resources

development, except for Albert Gallatin's report on roads and canals

submitted to the U.S. Senate on April 6, 1808. Generally, the major

rivers and their tributaries were looked upon purely as a resource to

be exploited for economic value, and used principally as power sources,

as waterways for transportation of industrial and agricultural goods,

municipal and agriculture purposes and as a means of dilution and

.disposal of waste and sewage. Nearly all the early development was

privately or locally sponsored and financed, with little participation

by the federal government in planning and development of water resources.

Evaluation principles for water resources planning have evolved

over the last 40 years and gained in sophistication as the objectives

and preferences of the nation have been more clearly defined. Prior to

the enactment of the Flood Control Act of 1936, projects and programs

were justified primarily on cost-effectiveness or what was the lowest

cost to perform the function desired. This approach is more or less

still being followed in most of the developing countries as discussed

by Chaemsaithong, Duckstein, and Kisiel (1974), due to scarcity of

financial resources.
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The Flood Control Act of 1936, according to Cobb (1974, p. 2),

declared a policy "...that the federal government should improve or

participate in the improvement of navigable waters or their tributaries,

including watershed thereof, for flood control purposes if the benefits

to whomsoever they may accrue are in excess of the estimated costs, and

if the lives and social security of people are otherwise adversely

affected." Interpretation of this statute has resulted in the develop-

ment of various analytical procedures to evaluate total costs and total

benefits of projects. As seen by Johnson (1975), these procedures for

evaluation have centered around anational economic efficiency analysis.

The "Green Book" and the Bureau of Budget's "Circular No. A-47" con-

tained guidelines on the proposed practices for economic evaluation.

According to Cobb (1974), the "Green Book" was a landmark ddcument in

defining the conceptual framework for the economic efficiency objective.

2.4.8 Environmental Quality

The unplanned and uncontrolled development and pre-emption of

water and other resources during the nineteenth century sharpened the

ideological contracts between developmental and conservationist's

ideologies. The problem, according to Nash (1973), in its simplified

form was whether "conservation" meant planned, efficient development

of resources or the preservation of nature for its non-utilitarian

values. The answer, that it meant both (the multiple-use formula of

Pinchot) might work in a regional plan like 'T.V.A.' for instance,

but was meaningless for a small area. A given stretch of river could

be either wilderness or a reservoir -- but not both simultaneously.
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Recognition of this impelled the first great conservation controversy

in American history -- the battle over the Hetch Hetchy Valley between

1908 to 1913. The whole story can be told in the following opposing

versions (Nash, 1973, P. 82):	 John Muir said in 1912, "These temple

destroyers, devotees of ravaging commercialism, seem to have a perfect

contempt for Nature, and instead of liftint their eyes to the God of the

Mountains, lift them to the Almighty Dollar." Grifford Pinchot, ac-

cording to Mash 0 973, p. 81) said in 1913, "As to my attitude regarding

the proposed use of Hetch Hetchy by the City of San Francisco ... 1 am

fully persuaded that ... the injury ... by substituting a lake for the

present swampy floor of the valley is altogether unimportant compared

with the benefits to be derived from its use as a reservoir."

Centuries of development had bequeathed the idea that water was

a free gift of nature to man. Fear that water and other natural

'resources might soon be exhausted had spurred the conservation movement

to a peak of activity at the beginning of the century and again in the

1930's. A more widespread understanding of the delicate balance of the

environment and of the potential destructiveness of even the best-

intentioned human activities came last in the 1960's.

The most outstanding characteristics of the present-day conser-

vation movement, as discussed by McEvoy (1973), are its concern for the

totality of the environment and its widespread appeal. Since 1961,

almost every year brought one or more pieces of legislation. These are:

the Watershed Protection and Flood Prevention Act Amendments of 1961;

the Water Resources Research Act of 1964 and amendment of 1966; the
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Land and Water Conservation Fund Act of 1964; the Water Resources

Planning Act, the Water Quality Act, and the Water Project Recreation

Act, all of 1965; the Clean Water Restoration Act of 1966; the Wild

and Scenic Rivers Act of 1968; the National Environmental Policy Act of

1969; the Water Quality Improvement Act of 1970; the Flood Control Act

of 1970; the Clean Water Act of 1972; and the Water Resources Develop-

ment Act of 1974. Thus, as the conservation movement was ushered into

the seventies, the impact of water management on the environment was

fully realized. For the first time the goals of national economic

development and environmental equality are co-equal and under normal

circumstances, no scheme of water development can be approved without

providing evidence to the fact that it would be economically viable and

would not have adverse impacts on environmental quality. The details

of latest principles and standards are given below.

2.4.9 Multiobjective Planning

Senate Resolution 148, 85th Congress adopted on January 28,

1958, expressed the desire of the Senate for improvements in procedures

for evaluation of land and water resource projects and called for sub-

mission of information in addition to that, then presented in support

of projects recommended for authorization and possible alternatives

thereto. A Senate Select Committee was constituted accordingly, which

submitted a comprehensive report in 1961. Acting on the basis of the

recommendations contained in this report, President Kennedy proposed

the Water Resource Planning Act, and in October 1961, requested the

four secretaries who would make up the Water Resources Council under the
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proposed legislation to form an ad hoc Water Resources Council and

undertake the outlining of planning standards, policies, and procedures

to guide the federal agencies. This was accomplished and the President

approved the new set of standards on May 15, 1962, which is generally

referred to as Senate Document No. 97.

This document expanded the dimensions of the planning objectives

to include: national and regional economic development, preservation

of the quality of the environment, and well being of people. It

replaced Budget Circular A-47. Donovan (1973) explained the diffi-

culties in the use of this document, such as the fact that it did not

identify the various objectives as co-equals. According to him, most

planners within the federal agencies, as well as outside, characterize

this document as unclear, ambiguous, less explicit, and non-operational.

Despite these difficulties, however, these standards formed the basis

for planning water resources development till the preparation of the

Principles and Standards 1973 by the Water Resource Council (1973).

2.5	 Principles and Standards 1973 

Growing controversy concerning the application and operation

of SD 97 became a congressional concern in the late 1960's, resulting

in the passage of the Water Resources Planning Act.of 1965 and the

National Environmental Policy Act of 1969. Based on the studies con-

ducted by the task force appointed by the Water Resources Council to

review planning and evaluation procedures, a number of options became

available for consideration by the Council. These were as follows:
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a. four planning objectives, namely, (1) national economic develop-

ment, (2) enhancement of environmental quality, (3) social well

being, and (4) regional development, coupled with four accounts

for the evaluation of effects on these objectives,

b. three planning objectives excluding social well being as an

objective with the evaluation of beneficial and adverse effects

in an account for social well being,

c. national economic development and environmental quality as

objectives and, when directed, regional development as an

objective, with evaluation of beneficial and adverse effects

in four accounts, and finally,

d. national economic development, environmental quality, and

social well being as objectives and, when directed, regional

developments as an objective with evaluation of beneficial and

adverse effects in four accounts.

According to Cobb (1974) the following considerations ultimately

led the Water Resources Council to adopt the option with two objectives

and four accounts:

a. Social well being is too nebulous to be identified as a planning

objective for natural resource management in general and water

resources in - particular.

• b.	 It is not clear that national resource management would be an

effective way of achieving social well being and regional

development.
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c. It is doubtful that there existed adequate methodology to

accurately evaluate the impacts of alternative plans on ob-

jectives such as enhancement of social well being.

d. Full unrestrained considerations of the regional development

objective could lead to formulation of programs involving

substantial inter-regional transfers resulting in a net loss

to the nation as a whole.

On the recommendations of the Water Resources Council, Presi-

deht Nixon approved on September 5, 1973, the detailed text of the

Principles and Standards prepared under the Planning Act of 1965, and

on September 10, 1973, full text was published in the Federal Register,

Vol. 38, No. 174, September 1973, to be effective from October 25, 1973.

Brief outlines of the two objectives and four accounts forming the

basis of these Principles and Standards are briefly discussed in the

following sections.

2.5.1 Two Objectives

These are:

a. To enhance national economic development by increasing the

value of the nation's output of goods and services and im-

proving national economic efficiency.

b. To enhance the quality of the environment by the management,

conservation, preservation, creation, restoration, or improve-

ment of the quality of certain natural and cultural resources

and ecological systems.
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2.52 Four Ac -)unts

The	 .ficial and adverse effects on each of the two objectives

discussed at-	 will be displayed in separate accounts with other

accounts for the beneficial and adverse effects on regional development

and social well being. These effects will be measured in quantitative

units or qualitative terms appropriate to a particular effect. The

accounts are not mutually exclusive with respect to beneficial or

adverse effects, and final decision as to the selection of the recom-

mended plan will be made by considering the difference among alternative

plans (tradeoffs) as to all their effects. The following is a summary

of the type of effects, as foreseen by the Water Resource Council (1973,

p. 37-83) in the Principles and Standards 1973:

a. Beneficial Effects on National Economic Development (N.E.D.)

1. The value to users of increased output of goods and services;

2. The value of output resulting from external economies.

b. Adverse Effects on N.E.D.

1. The value of resources required for or displayed by a plan;

2. Losses in output resulting from external diseconomies.

c. Beneficial and Adverse Effects on Environmental Quality (EQ)

1. Effects on open and green space, wild and scenic rivers,

lakes beaches, shores, mountains and wilderness areas,

estuaries, and other areas of natural beauty;

2. Archeological, historical, biological and geological re-

sources and selected ecological systems;
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3. The quality of water, land, and air resources;

4. irreversible commitment of resources to future uses.

d. Benefits and Adverse Effects on Regional Development

1. The value of increased output of goods and services

resulting from a plan accruing within relevant regions;

2. The value of output resulting from external economies

accruing within relevant regions;

3. The number and types of jobs resulting from a plan in the

region under consideration;

4. Effect of the plan on the population distribution within

the region under consideration and among regions in the

nation;

5. The effect of the plan on the economic base and economic

stability of the region under consideration;

6. The effect of the plan on the environment in the region

under consideration;

7. The effect of the plan on other specified components of

regional development;

8. The value of resources within relevant regions required

for or displayed by a plan;

9. Losses in output resulting from external diseconomies

within the relevant regions.

e. Beneficial and Adverse Effects on Social Well Being

1. Real income distribution. The effect of a plan on the real

income of classes or groups that are relevant to the
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evaluation of a plan will be displayed. Al] effects, both

monetary and income in kind, will be included in this

display;

2. Life, health, and safety. Plan effects on life, health,

and safety other than those evaluated monetarily for the

national economic development objective will be included

here. Measurement techniques will vary, but would largely

be in terms of physical units;

3. Educational, cultural, and recreational. The effect of the

plan on educational, cultural, and recreational oppor-

tunities;

4. Emergency Preparedness. The effects of the plan on reserve

capacities and flexibilities in water resources systems and

protection against interruption of the flow of essential

goods and services at times of national disaster or critical

need will be displayed.

5. Others. Other effects on social well being may be identi-

fied and displayed as relevant to alternative plans.

2.5.3 Implementation of Principles and Standards

The responsibility for their implementation rests with indi-

vidual agencies, some of which have already developed procedures and

guidelines and sent the same to the Water Resources Council for their

review and approval. The Water Resources Council is also preparing

general guidelines and procedures for common use by all agencies, to

ensure consistency and interagency cooperation. These may also assist
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on such technical subjects and administrative decisions as retroactive

application, evaluation of social well being, regional development

accounts, cost allocation, etc., which according to Fairchild (1974),

are some of those issues which might generate some difficulties in the

forthright applications of the new principles and standards.

2.5.4 Revisions of Principles and Standards

As explained by Johnson (1975), Congress would like that re-

gional economic development and social well being should also be made

obligatory objectives of water management so that there are four ob-

jectives and four accounts with one to one correspondence. Accordingly

in Section 80 of the Water Resource Development Act of 1974, Congress

has requested the President to make a full investigation and study of

"Principles and Standards," including items such as discount rate, a

four objective and four account system and federal cost sharing within

one year. The designation of a lead agency and authorization of neces-

sary funds for carrying out these investigations are yet to be done.

2.6	 Pattern of Water Use 

The U.S. has made frequent use of congressional or presidential

study commissions to examine difficult problems and to propose solutions.

Since the turn of the century, at least 20 national commissions or

similar groups have been established to study water resources. The

first was the Inland Waterways Commission established by President

Theodore Roosevelt in 1907, and the last one is the National Water

Commission, which was established by an Act of Congress, approved by the
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President on September 26, 1968. The Commission completed its assign-

ment in June 1973, and submitted a comprehensive report, which covered,

among other things, the following important aspects of water resources

management:

a. Relationship between water, national economy, and natural

environment;

b. Better use of existing supplies;

c. Future water demands and ways and means to meet these demands;

d. Better decision-making in water managements.

The past and present water uses and projections for future as

adopted by the Commission can be seen in the Tables 2.1 to 2.5 extracted

from its final report submitted in 1973.

2.7	 Problems and Potentials 

The National Water Commission (1973) highlighted the following

critical areas of water management:

a. Lower Colorado region already uses more water than its available

natural supply. The difference is made good through use of

natural flows from outside the basin (runoff from the Upper

Colorado region is allocated under the terms of the Colorado

River Compact), repeated reuse of water, and mining of ground

water. Large amounts of ground water also are being mined in

the Texa-Gulf, Rio Grande, Arkansas-White-Red and California

regions.
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Table 2.1. Water Withdrawals for Selected Years and Purposes,
United States including Puerto Rico.
(Billion Gallons Per Day)*

Year

Total
Water

Withdrawals Irrigation

Purpose of Withdrawals
Public Water	 Rural	 Industrial and

Utilities	 Domestic	 Miscellaneous
Steam Electric

Utilities

1900 40 20 3 2.0 10 5
1910 66 39 5 2.2 14 6
1920 92 56 6 2.4 18 9
1930 110 60 8 2.9 21 18
1940 136 71 10 3.1 29 23

.1950 200 110 14 3.6 37 40
1960 270 110 21 3.6 38 100
1970 370 130 27 4.5 47 170

*National Water Commission (1973)

Table 2.2. Recent Trends in Consumptive Use of Water in the
United States including Puerto Rico.

(intake Uses Only) (Billion Gallons Per Day)*

Year

Purpose of Use

Total	 Self-Supplied

Consumptive
-

	Public Water	 Rural	 Industrial and	 Steam Electric

Use	 Irrigation	 Supply	 Domestic	 Miscellaneous	 Utilities

1960 61 52 3.5 2.8 3.0 0.22

1965 77 66 5.2 3.2 3.8 0.41

1970 88 73 5.9 3.4 5.3 1.04

*National Water Commission (1973)
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Table 2.3. Streamflow Compared with Current
Withdrawals and Consumption
(Billion	 Gallons	 Per	 Day)*

Region

Mean
Annual

Run-Off

Annual Flow Available
50%	 90%	 95%	 Fresh Water

Of the	 of the	 of the	 Consumptive Use
Years	 Years	 Years	 1970

Withdrawals
1970

North Atlantic 163 163 123 112 1.8 55
South Atlantic-Gulf 197 188	 • 131 116 3.3 35
Great Lakes 63.2 61.4 46.3 42.4 1.2 39
Ohio 125 125 80 67.5 .9 36

Tennessee 41.5 41.5 28.2 24.4 .24 7.9
Upper Mississippi 64.6 64.6 36.4 28.5 .8 16
Lower Mississippi 48.4 48.4 29.7 24.6 3.6 13
Souris-Red-Rainy 6.17 5.95 2.6 1.91 .07 3
Missouri 54.1 53.7 29.9 23.9 12.0	 - 24

Arkansas-White-Red 95.8 93.4 44.3 33.4 6.8 12
Texas-Gulf 39.1 37.5 15.8 11.4 6.2 21
Rio Grande .4.9 4.9 2.6 2.1 3.3 6.3
Upper Colorado 13.45 13.45 8.82 7.50 4.1 8.1
Lower Colorado 3.19 2.51 1.07 0.85 5.0 7.2

Great Basin 5.89 5.82 3.12 2.46 3.2 6.7

Columbia-North Pacific 210 210 154 138 11.0 30
California- 65.1 64.1 33.8 25.6 22.0 48

Conterminous
United States 1,201 87 365

Alaska 580 .02 .2

Hawaii 13.3 .8 2.7
Puerto Rico 3.0

Total United States 1,794 88 371

*National Water Commission (1973)
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Table 2.4. Projected Water Use, by Purpose, United States
(Billion Gallons Per Day)*

Type of Use
Projected Withdrawals

1980	 2000	 2020

Projected Consumptive Use

1980	 2000	 2020

Rural domestic 2.5 2.9 33 LB 2.1 2.5

Municipal (public
supplied) 33-.6 50.7 743 10.6 16.5 24.6

Induvtrial (self-
supplied) 75 127.4 210.8 6.1 10 15.6

Steam-electric power
Fresh 134 259.2 410.6 1.7 4.6 8

• Saline 59.3 211.2 503.5 .5 2 5.2

Agriculture
Irrigation 135.9 149.8 161 SI.6 90 96.9
Livestock 2.4 3.4 4.7 2.2 3.1 4.2

U.S. Total 442.6 804.6 1368.1 104.4 128.2 157.1

* National Water Commission (1973)
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Table 2.5. Projected Water Use by Region
(Billion	 Gallons	 Per	 Day)*

Projected Total Withdrawals
1980	 2000	 2020

Projected Total Consumptive Use
1980	 2000	 2020

North Atlantic 54.9 1-13.9 2363 2.9 5.0 8.5South Atlantic-Gulf 53.2 87.4 130.2 3.4 5.7 83Great Lakes 47.9 96.6 191.0 1.9 3.2 5.5Ohio 41.7 65.1 90.2 1.6 2.5 3.6Tennessee 123 13.9 18.1 0.6 0.8 1.1

Upper Mississippi 14.8 30.6 41.3 1.1 1.8 2.6Lower Mississippi 12.8 28.0 39.4 3.0 4.5 63
Souris-Red-Rainy .9 2.0 2.8 0.2. 03 0.5Missouri 233 27.9 31.6 13.2 15.0 16.4
Arkansas-White-Red 173 253 31.6 8.5 - 10.6 123

TexaF-Gulf 29.1 573 92.6 9.4 10.9 123Rio Grande 8.3 9.5 11.7 4.7 5.0 5 3
Upper Colorado 5.7 6.6 6.7 2.7 3.1 3.1
Lower Colorado • 8.5 8.4 8.9 4.1 4.6 53
Great Basin 7.1 7.6 7.8 3.3 3.6 3.8

-
Columbia-North Pacific 41.4 90.1 156.7 116 173 21.6
California 563 120.5 244.8 29.2 32.7 38.2
Alaska 03 0.9. 4.2 0.1 0.1 0.2
Hawaii 2.7 4.7 8.6 0.7 1.0 1.4
Puerto Rico 4.0 83 13.7 0.4 03 0.6

U.S. Total 442.7 804.6 1,368.1 104.4 128.2 157.1

*National Water Commission (1973)



b. In one year out of every 10 years consumptive use in the Great

Basin and Rio Grande regions exceeds the runoff, but storage

facilities permit carryover of flows to cover deficiencies.

c. At flows available for 95% of the years, all the regions

mentioned in (a) and (b) above, face unfavorable water-supply

demand balance, and even the Upper Colorado, California, and

Texas regions would be affected.

d	 if the present water policies are continued, in 1 year out of

every 20 years, the six regions discussed above would be most

susceptible to drought and water shortages.

In summary, two major problems are evident. First, certain

large and economically important regions of the U.S.A. either already

are or potentially could in the future be using water beyond their

natural water resources. Steadily increasing municipal and industrial

water requirements in these areas and potentially others, combined with

established and in some places, expanding irrigation activities, could

place severe strain upon limited water resources. At the same time,

many areas are facing the growing problems of water quality deterio-

ration. Second, ground water mining in many areas exceeds the annual

recharge. The economy of these major ground water using areas is based

on dwindling water resources and substitute supplies of water are not

available.

Howe and Easter (1971) took a serious view of this situation.

In their opinion, whether these problems require immediate responses or
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whether there is time to study solutions over a longer period of time

may be a matter for debate, but one point is clear: the dry West

cannot maintain a rapid rate of economic growth without devising better

ways of utilizing its present water resources or importing new supplies,

and the humid East cannot continue to contaminate its water environment

without creating serious impact on the quality of life.

Besides new possibilities made available by technological inno-

vations for removing the water shortage in the West, there are many

alternative sources from which additional water can be extracted. These

include reduction of conveyance losses, additional surface development,

better conservation and on-farm management in all areas like the Wellton-

Mohawk irrigation and drainage district in the State of Arizona where

against a consumptive use requirement of only 5 acre feet per acre,

actual irrigation applications exceed even 11 acre feet on parts of the

project. Other equally important methods include wastewater reclamation,

adoption of closed recycling circuits in all industrial plants (in-

cluding steam-electric power), vegetative management and phreatophyte

control, and evaporation retardation. Other rather expensive options,

at least at the present level of technology include interbasin transfers,

weather modification, desalination and some transfer from agriculture

to higher-valued uses.

Future supply and demand patterns of fresh water will be

affected by a number of factors including rate of population growth and

the economy, water policies, water use technologies, national policies

on energy conservation, factors affecting demands for food and fiber for
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domestic use and for export, crop price support programs, recreational

needs, environmental quality and price structure for various types of

water uses.

It Is proposed that national financial allocations for research

in the sphere of water management should be enhanced and areas of re-

search narrowed down to those potential fields, which can within the

next 15 to 20 years, provide alternative solutions to the human problems

stemming from water needs of growing population exceeding the finite

quantity of water circulating annually through the hydrologic cycle.

Dozens of prospecting technologies have been indicated by the National

Water Commission (1973) and Duckstein (1975), which can be evaluated by

experts in the relevant specialities, for further detailed explorations.

2.8	 Water Management in Pakistan 

The historical overview of water management in Pakistan are

covered in the next chapter on management practices, but the evolution

of planning objectives and strategies are discussed below.

2.8.1 Stage Before Independence

According to Gautam (1972), the criteria to judge the feasi-

bility of water resource developments during this period essentially

evolved from	 concepts of financial soundness of public investment.

Tangible rev	 were desired within the shortest time after the com-

pletion of the 	oject, so a project was classified as "productive," if

it paid back a net revenue equal to or more than the prevailing rate of

interest or the prescribed productivity rate. Those projects which did
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not bring any net revenue but were productive enough to pay off their

annual maintenance, repairs and other incidental charges were called

"protective" and those where the financial returns were still less,

were classified as unproductive or subsidized projects.

Presumably it was the influence of these principles and stan-

dards for planning, which kept the East Indian Company of the British

Crown from building dams in India. The overriding objective of the

foreign rulers included maximum financial gains with barest minimum

investment and unshakeable colonial hold. These objectives naturally

could not be achieved by making large investments in building multi-

purpose dams for irrigation, food control, and power generation as these

would have brought about industrialization, education, and prosperity,

which are the least desireable factors from the standpoint of a despotic

colonial ruler.

2.8.2 Post Independence

Unfortunately this criteria of cost-effectiveness remained in

operation for a long time after independence despite national require-

ments for changing the pattern of resource allocation. The finances

were in great demand, technology was in the formative stages and inter-

national politics, in particular, India's threats to stop three eastern

rivers, were bending the national priorities to make higher allocation

of scarce financial resources to less productive sectors, to ensure

national security and solidarity. However, things have gradually

improved with time.
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2.83 Planned Economy

Despite the grave economic and financial problems which beset

the government soon after independence, a Development Board was es-

tablished as early as 1948 to deal with questions of economic develop-

ments, and a number of projects were undertaken on the recommendation

of this Board.	 In 1950, a six-year Development Plan was also formulated

and embodied Tn the overall Colombo Plan for Cooperative Economic

Development in South and Southeast Asia. This was essentially an out-

line plan which delineated only a broad pattern of development. By

1953 it was realized that time had come to prepare a more comprehensive

National Plan of Development. Accordingly, the Government of Pakistan

decided to set up a planning board with the purpose and terms of refer-

ence set forth below.

2.8.3.1 Purpose. "The economic and social objectives of the

Government's policy are well known. They are to develop the resources

of the country as rapidly as possible so as to promote the welfare of

the people, provide adequate standards of living and social services,

secure social justice and equity of opportunity and aim at the widest

and most equitable distribution of income and prosperity."

2.83.2 Terms of Reference. As contained in the Government of

Pakistan (1956) first 5-year plan, these are:

a. To review the development that had taken place since inde-

pendence;

b. To assess the resources -- material and human which can be made
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available for development during the next 5 years beginning

from April 1955;

c. To prepare a national plan of development based on the fullest

possible utilization of these resources for implementation in a

period of 5 years from April 1, 1955, as a step towards the

attainment of the economic and social objectives of the

Government's policy;

d. To make proposals regarding the administrative machinery best

calculated to assure the successful implementation of the Plan.

e. To make any other recommendations, which in the opinion of the

Board, will contribute towards the success of the Plan.

2.8.3.3 Plan Objectives (1955-60). As contained in the first

5-year plan, the objectives were:

a. To raise the national income (about 20 0 ) and the standard of

living of the people;

b. To improve the balance of payment of the country by increasing

exports and by production of substitutes for imports;

c. To increase the opportunities for useful employment in the

country;

d. To make steady progress in providing social services: housing,

education, health, and social welfare; and

e. To increase rapidly the rate of development in relatively less

developed areas.
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2.8.3.11 Plan Targets (Water Sector). Physical targets to be met

during the first plan period (1955-60) included:

a. To bring 2.35 million acres of new area under irrigation;

b. 3.25 million acres of existing irrigated areas to be given

improved water supply and reclaimed from waterlogging and

salinity.

2.8.35 Purposes Served. The execution of the water plan during

the period 1955-60 was anticipated to serve the following purposes:

a. To begin regulation of uncontrolled flows of the Indus river and

its tributaries for beneficial use, and for reduction of flood

damages;

b. To improve the water supply to irrigated lands;

c. To bring additional area under cultivation;

d. To reclaim areas now waterlogged and saline; and

e. To increase power generation and supply by 100% over the 1955

base, to assist agriculture and industry sectors.

2.8.3.6 Plan Objectives for 1960-65. As proposed in the Govern-

ment of Pakistan (1960) 5-year plan, the planning objectives for water

and power sector were as follows:

a. To raise the productivity of existing lands through increased

and rational application of water and control of salinity,

alkalinity and waterlogging;

b. To increase farm acreage through irrigation, drainage, and

flood regulation; and
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c. To provide low cost electric power abundantly in order to

accelerate and strengthen agriculture and industrial sectors.

2.8.3,7 Plan Objectives for 1965-70. During this plan period

the following objectives were fixed:

a. To conserve and maximize the relatively easy development of

sweet ground water in the province of West Pakistan (now

Pakistan) through an expanded and integrated public and private

tubewell program;

b. To control the problems of waterlogging, salinity, and soil

erosion;

c. To increase the investigation, research, engineering, coordi-

nation and master planning efforts required to provide an

adequate, technical, and economic base for later and more

difficult surface water and saline ground water development; and

d. To begin work on canal modification and enlargement schemes

that will allow a greater proportion of river flows to be

utilized for irrigation purposes.

2.83.8 Plan Targets for 1965-70. To provide irrigation and rec-

lamation facilities to a gross area of 4.48 million acres out of which

1.76 million were to be new and 2.72 million acres already cultivated.

2.8.39 Plan Objectives for 1970-75. Provision of adequate

irrigation supplies to improve intensity of irrigation and provide full

consumptive use of crops including leaching requirements to check and

reduce soil salinity.
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2.8.4.0 Long Range Planning Objectives for Water Resources.

a. To conserve existing water resources, generate additional

surface and ground water resources by structural changes or

improved management, to bring more area under irrigation and

increase the irrigation depth (delta) in the existing irrigated

area, where the water supplies were insufficient, and to

increase agriculture production to reach self-sufficiency in

food and other materials as quickly as possible;

b. To reclaim waterlogged and saline areas and check soil erosion

and undertake flood control and protection works;

c. To increase and expedite field investigation, data collection,

research, interagency coordination and preparation of a Master

Plan for the entire irrigated areas to provide an adequate

technical and economic base for future planning and development

of water resources in general and saline ground water management

in particular.

These objectives have more or less remained operative ever since

with only minor adjustments here and there. Changes if any, related to

the comparative emphasis on alternative means to achieve the same

objective, e.g., ground water development, should be undertaken entirely

through public tubewells or private tubewells should also be encouraged

in some areas. Other important variations from one plan period (of 5

years) to another related to the allocation of financial resources to

water management in proportion to the total resources.
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2.8.4.1 Methods of Evaluation and Accounting. Although the

pre-independence criteria of financial efficiency was more or less

replaced by the economic efficiency, project evaluation also included

the following elements:

a. Cost-effectiveness and rate of annual return;

b. Cash flow statement for the assumed life of the project or for

50 years, whichever is shorter;

c. Comparison of, with and without project benefits;

d. Evaluation of apparently visible social benefits such as job

opportunities and environmental effects.	 (As these elements

cannot be quantified with any degree of precision, the choice

of alternative project design is not directly linked with them.)

2.8. 4. 2 Reasons for Shortfalls in the Achievements of Planning 

Objectives (1955 - 75). These reasons varied both in space and time. A

summary of only the most significant ones are given here:

a. Shortfalls in the availability of financial resources. With

the exception of the second plan period (1960-65), there have

been big gaps in requirements of funds and their availability.

b. Although the process of plan formulation at the level of

federal and state government was reasonably improved, the

financial control and audit rules and regulations followed the

same old colonial pattern, which had an inbuilt doctrine (agency

bias) to spend too little and expect too much. Therefore, even

the reduced financial allocations could be seldom fully utilized.
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c. The year to year financial authorization for each project

whether new or ongoing made the planning for execution of the

development almost impossible. As there was no certainty for

financial allocation beyond one year and even during the year,

a number of operational cuts were applied to the allocated

provisions, the executing agencies found it hard to maintain

a program or schedule of contracting for execution. This has

always resulted in long delays and unnecessary increases in

the cost of the planned works.

d. Political exigencies and wars. At the successful completion of

the second 5-year plan, Pakistan was named as a model country

for economic development. Despite all the discrepancies in

rules and procedures, and non-synchronization between the

planning agencies and physical infrastructure in the field

responsible for implementation and a hoard of other difficul-

ties, the planned targets are reported to have been more than

met during this plan period. But before the accounts for this

plan period were closed and the next plan launched, the War of

September 1965 changed the whole setting. The planning strate-

gies and rules and procedures which had, under the fast tempo

of development, started changing to meet the new challenges,

were taken over by an economy drive to reduce both development

and non-development expenditure to bare minimum. Therefore, the

institutional reformation came to an end.
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Between 1965 and 1970 a number cf other events, both

within the country and in the orbit of foreign financing for

economic development, almost reversed the path of development

strategy. A bouyant economy of 1965-66 was cut to a moderate

size by heavy odds including war, drought of 1966-67, squeeze

in the foreign assistance, and shyness of domestic investment

in a climate of political unrest and uncertainties.

e. Despite these formidable odds, the third plan period ended up

in a shortfall of only 28% in investment target. However,

during the currency of this plan, priorities were reoriented in

favor of quick yielding sectors and projects.	 It is claimed

that West Pakistan reached up to self-sufficiency in food grain

production in 1970, but imports were still made to meet deficits

in East Pakistan.

f. In the opinion of the then Deputy Chairman of the Planning

Commission, the fourth plan was formulated at a very critical

juncture when the future pattern and direction of the political

system was in a process of evolution (after 23 years of experi-

mentation), and when many of the basic premises on which the

country's political, economic, and administrative arrangements

were based over the past two decades were under continuous re-

examination and modification.

The economy had to bear the brunt of a gigantic politi-

cal change and a staggering upheaval, marked by tragic develop-

ments, prompted by India (according to some estimates) which
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culminated in the severance of the East wing of the country in

December 1971. However, despite all this, a semblance of

growth has been maintained, and in some crucial sectors,

phenomenal progress were recorded in West Pakistan.

Things have, however, changed since December 1971, when

a truly democratic government elected by a free vote replaced

the Marshall Law regime, which was in seat since March 25, 1969.

A number of far reaching reforms have been introduced, the

effects of which are already visible.	 It is hoped that if hunt

for oil succeeds and an undeterred peace is maintained in the

region, the prospects for the achievement of national objectives

would be considerably improved.

2.9	 Summary 

The following conclusive observations can be made on the human

endeavors in the field of water management:

a. The history of water management is the episode of man himself.

Past hydraulic civilizations flourished or perished depending

on how good or how poor their management of water resources

were.

b. Hydroscience and engineering practices to execute and operate

hydraulic structures did not progress at the same pace. Lags

between the two have been pointed out by many critics of the

early history of hydrology and water management.

c.	 Industrial revolution was a turning point in the history of

water management. New techniques made it possible for engineers
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and planners to undertake larger and morc spectacular works.

Gradually the pattern of water supply and demand changed.,

Correspondingly, old concepts of uniobjective planning for

single projects to serve single purposes gave way to multi-

objective planning to combine a number of purposes such as

irrigation, water power, navigation, flood control, hydropower,

municipal and industrial uses, in single projects.

d. Agriculture is still the biggest consumer of water in the world

at large, and in the future it has to bear the biggest brunt

as water will be viewed as a factor input of production process

at least in the developed countries, and priced and allocated

according to economic principles rather than consider water as

a free good gift from nature and take its availability as a

given factor at all places for all types of uses.

e. Imprints of European diversities can be clearly seen in the

earlier pattern of water management in different parts of the

U.S.A, inhabited by different cultures. However, the cycles of

socio-political events, economic growth, technological inno-

vations, changing life styles, and growing concern for environ-

mental quality created unique challenges ultimately resulting

in the evolution of latest Principles and Standards for planning

water and related land resources which, for the first time in

the human history, put national economic development as a co-

equal objective with the enhancement of environmental quality.

How far these objectivescan be actually realized, is yet to be

seen.
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f. The current situation in the less industrialized developing

countries in general, and Pakistan in particular, is a product

of different sets of political, cultural, and socio-economic

interactions. Consequently, needs and supplies of water have

altogether different types of obligations to meet. Unlike the

U.S.A., agricultural needs are supreme, and concern for environ-

mental quality is less apparent and recreational needs are

limited. Therefore, the corresponding objectives for water

management also have to have their distinctive style -- and this

is so.



CHAPTER 3

MANAGEMENT PRACTICES

3.1	 General 

In any situation, management practice is a function of histori-

cal antecedents, cultural background, national priorities, socio-

economic structure, and level of technology and education. Traces of

these elements can be seen in the historical overview of water manage-

ment discussed earlier. The following sections deal with specific case

studies on water resource managements under different socio-economic

conditions.

3.2	 Water Resource Developments in the U.S.A.

8.2.1 Early Developments

Water resource developments in the U.S.A. are a part of the

steady but everchanging progress of civilization which has been defined

by Durant and Durant (1968) as a social order which promotes

cultural creation.	 It is also a political order secured through custom,

morals, and law, and an economic order secured through a continuity of

production and exchange; it is cultural creation through freedom and

facilities for origination, expression, testing, and fruition of ideas,

letters, manners, and arts.	 It is an intricate and precarious web of

human relationship, laboriously built and readily destroyed.
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According to Garstka (1972), the development of water resources

in the U.S.A. is an example of the application of human knowledge and

experience to the management of an environment. The early inhabitants

of the American southwest had built well developed water resources

utilization systems. One example of these developments quoted by the

author is an extensive 125 mile irrigation canal system of the Hohokam

Indians in the Salt River Valley in Arizona. They built 22 villages,

irrigated about 140,000 acres of land, and prospered for about 1400

years. Their system, however, depended on the diversions of streamflow

as there were no carry over storages. Although about 600 years ago the

Hohokam disappeared and their system was disbanded, according to the

paintings of Hubert and others in this area, the modern irrigation

network follows very closely the canals built over 2000 years ago by

this Indian tribe.

3.2.2 Modern Developments

Heretofore, the many endeavors of earlier civilizations made

use of water yielded by springs or diverted from running water and

conveyed by force of gravity to the points of utilization. Dams which

were built to divert flows into canals or to control water levels for

navigation possessed a very minor carry over storage influence.

However, with the construction of larger dams such as Roosevelt and

Hoover, for example, a completely new era has come into existence. It

became possible to impound flood waters, not for just a few months, but

for many years. Advancing engineering technology has made it possible

to lift vast quantities of water in distribution systems independent of
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gravity-impelled open-channel flows. Centers of population have

developed at locations in areas of favorable climate hundreds of miles

removed from the source of water. The massive carry over facilities

provided by engineering works of this generation have made possible

the growth of centers of education, culture, industry, and population,

such as are now to be found in the coastal areas of California and in

the Salt River Valley of Arizona. The demonstrated engineering possi-

bilities of long distance transport of tremendous tonnage of water has

led to serious consideration of continental water redistribution plans.

Cram (1968) describes, with special reference to their impact on

Canadian needs, a number of colossal water transfer proposals conti-

nental in their scope. Smith (1972) has presented a recent proposal

for extensive and long distance transfer of water from the Fraser River

in British Columbia to the western and southwestern states. Rowe and

Easter (1971) have presented information on at least 20 plans for

inter-regional water transfers.

3.2.3 Reclamation Programs

Despite innovative technology and systematic planning and

development of water resources in the arid and semiarid West, the water

is becoming critical and a relatively limited element in the economy

of this populous region. The necessity of making more efficient use

of water has evolved into the concept of total water management inclu-

sive of all possible uses. One aspect of this concept is water supply

of which the major sources are surface runoff, atmospheric water, and

ground water, including geothermal resources. The second aspect is the
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many uses of water. Thus, the essence of total water management is to

determine how sources of water can be developed and integrated to pro-

vide for all water uses adequately and equitably. Allocation of water

to achieve the best combination of uses (irrigation, municipal and

industrial water use, hydroelectric power generation, recreation, fish

and wildlife habitat enhancement, etc.) provides for a balanced

wholesome economic and social environment.

Water and land resources accomplishments reported by the Bureau

of Reclamation (1973a) in the 17 contiguous western states, have been

made possible by the facilities consisting of 310 storage reservoirs,

323 diversion dams, 13,775 miles of canals, 841 miles of pipelines,

207 miles of tunnels, 33,761 miles of laterals, 132 pumping plants,

14,570 miles of project drains, 49 power plants, and 16,200 circuit

miles of transmission lines. These features also include works

constructed by others and in operation on the Federal Reclamation

Projects. Federal investment in project facilities completed or reha-

bilitated by the Bureau of Reclamation as of June 30, 1973, totaled

$5.8 billion.	 This investment includes $1.3 billion in specific irri-

gation facilities, $1.3 billion in electric power facilities, and $3.2

billion in multipurpose and other facilities. About 87 percent of the

total investment is reimbursable to the Federal Treasury.

According to prevalent practices, project facilities are trans-

ferred to local water users organizations for operation and maintenance

following completion of construction as rapidly as such organizations

become capable of assuming this function. The Bureau of Reclamation
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major structures. Of the 162 operating projects providing service in

1973, 114 were operated by local water users organizations, 24 were

operated jointly by water users organizations and the Bureau of Recla-

mation, and 24 were operated entirely by the Bureau of Reclamation.

These projects provided a full water supply for irrigation to

9.2 million acres during 1973, which is hardly 20% of over 44 million

acres of the irrigated area in the 17 western states. According to

'Gibber (1972) the grand total of all irrigation areas of the 50 states

was 49.3 million acres.

3.2.4 Achievements of Reclamation Programs

Highlights for the 1973 operation, as reported by the U.S.

Bureau of Reclamation (1973a), are reproduced below:

a. Water deliveries totaled 28.4 million acre feet, including

26.2 million acre feet for irrigation, 1.9 million acre feet

for municipal and industrial uses, and 0.3 million acre feet

for other non-agricultural uses;

b. Gross value of all crops produced totaled $3.9 billion, a 53%

increase over 1972, setting a new record exceeding $3 billion

for the first time in reclamation history. The average value

per irrigated acre was $42 14, an increase of 53% over the

prey tous year.

c. Population served was a record high of about 16.6 million

(about 30 0  of the population of the western states), an

increase of 400,000 persons over 1972. Of this number, 14.9

53
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million people received municipal and industrial water, and

the remaining about 1.7 million received irrigation service on

urban, sub-urban, commercial, and industrial lands, and on full

or part time irrigated farms;

d. Acreage irrigated was 9.2 million acres, an increase of 281,000

over 1972.	 Irrigation service was available to 146,000 farms

covering an area of about 10.9 million acres. 65% of the farms

are full time and occupy 93% of the total irrigated areas in

the farms;

e. Municipal and industrial water deliveries were 608 billion

gallons, providing an average of 112 gallons per capita per day

for 14.9 million people;

f. Recreation use at 251 recreation areas totaled 56.4 million

visitors days. This was an all time high, surpassing 1972 by

600,000 visitor days;

g. Flood control benefits amounted to $41.8 million, slightly

above the 1950-73 average of $40.6 million annually;

h. Electricity marketed amounted to 49.2 billion kilowatt-hours.

Of this total, 37 billion kilowatt hours were generated by the

Bureau of Reclamation plants which have an installed capacity

of 7.7 million kilowatts. The electrical energy revenues were

$173 million and growing at an average of over $8 million per

year. These energy revenues comprised about 89% of the Recla-

mation's total income from the operation of projects.
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i. Construction activity was underway on 75 projects and involved

contracts valued at $685 million, a $60 million increase over

$625 million in 1972.

Indices of gross crop value, irrigated acreage, crop yields per

acre, tonnage produced, and crop prices on federal reclamation projects

during 1960-73 can be seen in Table 3.1.

Table 3.1. Indices of	 Irrigated Area,	 Crop Yield,	 and
Gross Farm Outputs During	 1963-70 with
Indices	 1957-59 =	 100.

Year
Gross Crop

Value
Irrigated
Acreage

Crop Yields
Per Acre

Tonnage
Produced

Crop
Prices

1960 115 103 102 105 109

1961 110 103 107 110 100

1962 121 107 107 114 106

1963 135 111 124 137 99

1964 144 112 117 132 109

1965 154 119 119 142 108

1966 167 119 120 144 116

1967 180 126 115 145 125

1968 182 125 121 152 121

1969 186 128 129 165 113

1970 186 128 124 159 117

1971 210 132 130 171 123

1972 244 133 136 181 135

1973 386 137 133 182 212



56

Irrigable acreage for service, irrigated acreage by States, and

average gross crop value per irrigated acre during 1972-73 is given in

Table 3.2.

Table 3.2.	 irrigated Area and Average
Crop Value	 (Gross) Per Acre

State

Irrigable Acreage

1972	 1973

Irrigated Acreage

1972	 1973

Gross Crop

Value*

Arizona 314,402 513,548 348,289 349,205 $675.19

California 3,,331,326 3,532,319 2,597,501 2,805,992 694.94

Colorado 981,428 981,428 901,586 888,835 238.95

Idaho 1,644,859 1,645,940 1,514,991 1,523,777 308.79

Kansas 71,913 72,185 45,580 56,014 240.47

Montana 390,682 390,693 338,288 341,845 131.57

Nebraska 481,485 481,485 432,130 446,654 257.53

Nevada 220,600 220,605 162,118 164,830 196.88

New Mexico 276,514 276,514 205,332 213,994 285.71

North Dakota 30,178 30,178 26,133 26,565 260.01

Oklahoma 50,208 47,228 40,562 42,507 326.39

Oregon 515,704 515,825 456,173 464,078 257.74

South Dakota 78,186 78,186 67,882 71,408 116.16

Texas 299,189 299,470 233,596 246,275 231.64

Utah 420,636 411,571 343,373 335,337 179.65

Washington 1,011,541 1,011,686 860,721 877,650 502.88

Wyoming 374,830 375,560 346,244 346,666 171.95

*Average per irrigated acre
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The preceding sections, instead of covering all aspects of

water management in the U.S.A., deal only with the irrigation and

reclamation programs within the jurisdiction of the Bureau of Recla-

mation. This has been done to match with the information contained in

the following sections on the water resources developments in Pakistan.

3.3	 Water Resource Development in Pakistan 

3.3.1 Creation of Pakistan

Politically, Pakistan is a young country.	 it became a self

governing state on partition of the British Indian Empire into tw6

sovereign states -- Bharat (India) and Pakistan on August 14, 1947.

As stated by Syed (1975), the international boundary between the two

states was drawn by the Redcliff Commission without regard to natural

drainage or river basins. The Indus Basin was so truncated that

Pakistan did not have any control over the catchments or head reaches

of its rivers. Later events did confirm that designers of this

unnatural demarcation had specific political objectives in view.	 Its

adverse impacts on the socio-economic conditions in Pakistan have been

explained here, but its political repercussions being outside the

scope of this study have been omitted.

3.4	 History of Water Management in Indus Basin 

3.4.1 Ancient Times

The climatic conditions and geographical patterns of the Indus

River, along with flat gradients of natural streams and fertile flood
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plains, provided a natural setting and stimulus for artificial irri-

gation. Below the rim-stations, the sediment laden streams usually

flowed in beds higher than the level of their flood plains. This

resulted from the fact that each time they overflowed the banks, heavier

and coarser sediments were deposited first, while finer sand, silt, and

clay were carried to long distances by these flood tides. Thus, like

in ancient China, Egypt, and Mesopotamia, the rivers in the Indus Basin

themselves taught man how to irrigate the land. By breaching the banks

or natural levees or by digging shallow canals to direct the floods,

it was possible to bring water to fields on the low-lying portions of

the flood plains. This ancient inundation irrigation system in the

Indus Basin closely resembled the prehistoric irrigation layout

established in the Salt River Valley of Arizona, by the Hohokam Indians,

as explained earlier.

Although the rivers have since changed courses and all traces

of canals have been obliterated, it is generally believed that both in

Mohenjodaro in the lower Indus Plains and Harappa in the upper Indus

Plains, irrigated agriculture existed some 5000 years ago.

3.4.2 Intermediate Stage

The next stage on the evolution of water management was marked

with the construction of perennial or round the year canals, having

almost permanent headworks which could bear the brunt of flood flows of

the rivers. As reported by Talib (1973), the first perennial canal was

built by Moghal King Jehangir during 1609-1627 A.D. to bring water from

the right bank of the river Ravi to irrigate gardens of Sheikhupura
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located at a distance of 25 miles west of Lahore. This was followed

by the construction of "Huslie" canal on the left bank of Ravi, in 1 33

by the great architect of the east, Emperior Shah Jehan, to irrigate

the world famous Shalamar Garden located outside the city of Lahore.

This canal was later renovated and remodelled to irrigate large areas

in Punjab around Lahore and it was renamed as Upper Bari Doab Canal

(U.B.D.C.) in 1859, by the Britishers.

Presumably, inundation canals were also built and rebuilt by

Muslim kings during 712-1856 A.D. This is amply borne out by the

statement of Michel	 (1967) that in 1872 A.D., the inundation canals in

Punjab alone aggregated over 2500 miles in length and irrigated more

than one million acres. 	 In the lower Indus Basin, such canals were

said to provide irrigation water to over 3 million acres in the province

of Sind and the Princely State of Bahawalpure.

3.4.3 British Contributions Between 1956 and
1947 A.D. in India

As Teclaff and Teclaff (1973) put it, during the nineteenth

century empires were built and European colonists and administrators

brought their notion of water management to their colonies and made a

number of mistakes. This can be explained because the Britishers had

little experience of artificial irrigation, through perennial or non-

perennial inundation canals. They restored some of the old canals,

built some new ones, and provided permanent headworks. To make up for

their deficiencies in technical know-how of artificial irrigation, they

sent fact finding missions to northern Italy, southern France, Spain,

and Africa, to understand the concepts and manaaement of perennial
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irrigation systems. Syed (1975) reported that some of the irrigation

techniques carried across the Mediterranean by the Arabs and Moors were

introduced by the Britishers in India, but a great deal had to be

learned from the local setting by trial and experimentation.

According to Addison (1955) one element alone seems to be

missing from this story of river control in the Punjab and that is

"reservoirs". He gives two reasons for this:

a. The nature of rivers was uncontrollable. They were not so

impetuous, but were heavily loaded with the silt, sand, gravel,

and boulders.

b. Although no dams were actually built, the site of Bhakra dam

in the Sutlej gorge, a little distance upstream of the existing

headwork at Rupar, was chosen as early as 1906. Here the

engineers intended to build a dam as soon as they had learned

how to build one big enough and as soon as they had found the

money for it.

The following observations and comments can be made on the

above statements:

a. Nature of many rivers on which dams were constructed elsewhere

was not different. And within hardly 20 years from the

departure of the Britishers from the scene, dams sprang up on

almost all the major rivers in the Indus Basin, both in India

and Pakistan. Therefore, the nature of the rivers cannot be

blamed for taking no action to improve the lot of poor people

of the area.
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b.	 It is hard to believe that search for techniques and money

continued for 42 years, between 1906 when the first dam was

conceived in the Indus Basin and 1947 when the Britishers

finally left the sub-continent. The money was available and the

technique of building multipurpose dams had become a common

feature of water management during the first half of the current

century. The same British officers in Canada and Australia were

not conceiving or selecting, but building dams during the same

period.

The real reasons for constructing low weirs instead of reser-

voirs can be seen in the analysis of the situation conducted by

Lieftinck, Sadove, and Creyke (1968).	 In their final report they have

brought out that all these barrages supply water less than required

for supporting scientific agriculture. Also, the cropping intensities

designed for each canal system was much lower than optimum for that

area, based on climatic and soil conditions. As they stated, the

reasons for these poor water management were:

a. The British colonial administrators were concerned with settling

large numbers of people and also with showing a good financial

rate of return on their canal investments. The criteria for

water management were therefore financial returns rather than

optimum exploitation of land and water resources.

b. Britishers encouraged thin application of irrigation supplies

and designed for lower cropping intensity presumably because

they thought that higher cropping intensities and consequently
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heavier deliveries of canal water to a limited area would lead

to waterlogging more quickly.

In fact, the second observation is not quite relevant as far as

the whole scheme of diversion weirs is concerned. This criterion was

adopted in the later projects, when waterlogging had appeared in the

early project areas. Strangely enough, instead of making provisions

for drainage, the cropping intensity was reduced and shallow water

applications encouraged.	 In the long run, absence of drainage facili-

ties and shallow irrigation application reduced the development poten-

tial of irrigated agriculture further through the twin me ce of

waterlogging and salinity, discussed at length later.

Despite these handicaps, the irrigation system laid out by the

Britishers was the biggest integrated network on the globe.	 Its

salient features are reproduced in Table 3.3.

Against an estimate of one million acres of Punjab areas under

irrigation by 1872 A.D. reported by Michel (1967), Addision (1955)

reports that during the closing thirty years of the nineteenth century,

the annual irrigated areas in the Punjab increased from 2.5 million to

7.5 million acres.	 In the newly irrigated districts, the population

also rose from 8,000 to 800,000 within a span of ten years, because

each farming family was allocated 25 to 50 acres of land. With the

passage of time, the unit of ownership went down to less than 5 acres

per person due to the inheritance law according to which on the 
death

of a farmer, the property must be physically divided among 
the children.
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This trend has been reversed now, by making suitable amendments in the

laws governing division of landed properties.

3.4.4 Water Management Since Independence

System additions and improvements, the Indus Water Treaty of

1960 with India, and the reclamation programs are some of the important

events, each of which is briefly described here.

3.4A.1 System Additions. Excluding the Indus Basin replacement

works, the barrages and canals included in Table 3.4 were constructed

and commissioned during the year shown against each.

Besides, a number of existing canals were remodelled and over

3000 miles of surface, horizontal drains, and 10,000 tubewells were also

constructed in the public sector.	 In the private sector, 120,000

tubewells were also installed up to 1974.	 It may, however, be mentioned

that although barrages and main canals were commissioned on the dates

shown against each, a number of small canals, distributaries and minor

and some important works pertaining to barrages were not complete until

recently. This is due to the non-availability of funds for the ongoing

projects mainly because there were political pressures from different

regions to allocate a certain minimum of resources to these regions

even though there were no good projects. Besides this, there may be

other reasons also. Some of these are briefly recapitulated here:

a. At the national level, there is competition for regional

financial allocations and at the level of states, there is

competition between different sectors of economy, e.g.,

economic and industrial sector, agriculture and water sector,
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Table 3.4.	 Barrages and Canals Completed Since 	 1947

River Name of Barrage Name of Canal
Year of

Commissioning
C.C.A.* x
1000 Acres

Indus Jinnah Thal	 Canal 1947 1473

Indus Taunsa D.G.	 Khan 1958 729

Indus Taunsa Muzaffargarh 1958 714

Indus Guddu Pat Feeder 1962 712

Indus Guddu Desert Canal 1962 42 0

Indus Guddu Began i	 Sind 1962 890

Indus Guddu Ghotki 1962 995

Indus Ghulam Mohammad Pinari 1955 786

Indus Ghulam Mohammad Fuleli 1955 929

Indus Ghulam Mohammad Lined Canal 1955 487

Indus Ghulam Mohammad Kalri	 Baghar 1955 604

Chenab (Existing)	 Marala M.R.	 Link 1956 160

Ravi (Existing) B.S.	 Link 1954
Balloki

Cultural Commanded Area
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communication and power sector and so on. The effects of this

intersectoral competition also travels up to the federal level.

Therefore, in an attempt to satisfy at least symbolically more

regions and more people, the economic principles of resources

allocations have to be sacrificed. This holds good for most of

the developing countries.

b. A lot of funds was required in the earlier years to rehabilitate

and permanently settle migrants from India.

c. Pakistan inherited a very poor road and communication system.

As mobility was the essence of economic development as well as

national security more allocations were made to these sectors.

d. Comprehensive regional planning or systematic river basin

development was made impossible by uncertainties created by

the Indian threats to stop all the river water flowing from

Indian territory into Pakistan.	 Implications of Indian

attitude are discussed in the following section.

3.4.4.2 The 1960 Indus Water Treaty with India. As explained

by Syed (1975), haste with which India was partitioned did not allow

sufficient time for the division of assets between the two emerging

states. Accordingly, both the Partition Council and Arbitral Tribunal

were continued on till March 31, 1948. The very next morning, i.e., on

April 1, 1948, India shut off supplies from Feroze pur Barrage to

Dipalpur canal and to the Pakistani portions of UBDC comprising the

Lahore and main branches hereinafter called Central Bari Doab (C.D.B.C.)

on the assumption that the rivers flowing from India to Pakistan belong
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exclusively to India. Analyzing the factors responsible for this

unilateral action of the Indian Government, Syed (1975) observes that

Indian leaders were completely unreconciled to the emergence of Pakistan

as an independent state. According to him, India felt entitled to use

every means at her disposal to strangulate and wreck Pakistan's economy,

to demonstrate that she could not survive alone and thus should join

back the Indian Union. These were then some of the motives behind the

truncation of the Indus Basin at the time of partition.

The water dispute continued over years and at times assumed

serious proportions, but ultimately it was quietened on September 19,

1960, by the conclusion of a treaty between the two countries through

the good offices of the International Bank for Reconstruction and

Development (IBRD). According to this document, India obtained what

she had wished, i.e., exclusive rights over the three eastern rivers

This reduced the annual flows available to the Indus Plains in Pakistan

from an average of 168 M.A.F. to 135 M.A.F. The considerations leading

to the fateful decision of the Pakistan Government to accept the condi-

tions of this settlement, were aptly summed by the then President of

Pakistan in the following words recorded by Syed (1975, p. 16):

The ideal solution when negotiated can seldom be obtained, but

this is the best we could get under the circumstances, many of

which, irrespective of merits and legality of the case, are

against us. So, whereas there is no cause for rejoicing at

this juncture, there is certainly a cause for satisfaction and

thanksgiving that a very ugly situation, which might have arisen

in the absence of such an agreement, has been averted and that

we have been able to get the best that was possible.
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As described by Kirpich (1972), the engineering concepts which

underlay the Treaty was a system of enormous "link" canals for trans-

ferring water from the Indus, Jhelum, and Chenab Rivers to meet the

irrigation requirements of the eastern portion of Pakistan which had

hitherto been served by the seas, Ravi, and Sutlej, the waters of which

were allocated to India. All the replacement works were to be completed

within 10 years of signing the treaty.

Simultaneously with signing of the Treaty, an international

agreement was signed to establish the Indus Basin Fund. Parties to the

agreement were the U.S.A., Australia, Canada, Germany, New Zealand, the

United Kingdom, Pakistan, India, and the World Bank, and the Bank was

also designated as the Fund's Administrator.	 Initial funds amounted

to the equivalent of U.S. $895 million, including the equivalent of

about U.S. $174 million to be provided by India and a loan of U.S. $80

million from the World Bank. Subsequently, an additional amount equiva-

lent to U.S. $315 million was made available under the Indus Basin

Development Fund (Supplement) Agreement of 1964 by the parties to the

1960 Agreement, raising the total funds to the equivalent of U.S. $1200

million.

As against this total availability of U.S. $1200 
million an

expenditure of about U.S. $1300 million (including about U.S. 
$590

million in foreign exchange) have been incurred already 
for completing

the Replacement Projects excluding Tarbela. On account 
of some serious

construction/design problems WAPDA estimates of January 
1975 put the

probable cost of Tarbela over $1000 million against 
U.S. $625.3million
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(including a foreign exchange of U.S. s$389.4 million) estimated by

Lieftinck, Sadove, and Creyke (1968). Thus, Tarbela Development

Funds (T.D.F.) is currently faced with a serious problem of finding

over U.S. $300 million additional funds to complete Tarbela Dam Project

during 1975. This will raise the estimated cost of replacement works

as detailed in Table 3.6, by about 100%.	 It may be relevant to mention

that this position as reached despite the fact that a number of works

such as tubewells along the links to control waterlogging have been

deleted and a number of technical specification and design features of

the links sacrificed to economize on the cost of these works.

3.4.4.3 Operation of Replacement Projects. The primary function

of the works just described was to replace the Eastern River Canal uses

by transferring water of the Western Rivers through the interbasin

transfer links. The amount of water transferred annually, since the

cessation of Treaty transition period in 1970, is shown in Table 3.5.

Table 3.5. Water Transfers From Western to the Eastern
Rivers of Indus Basin in Pakistan

Water Year
(Oct-Sept)

Water Transferred Through Links	 (M.A.F.)

Rabi	 Kharif
(Oct-April)	 (May-Sept)	 Annual

1970-71 4.00 12.50 16.5

1971-72 5.10 13.40 18.5

1972-73 7.60 10.1 17.7

1973-74 5.60 11.40 17.00

Average	 (1971-74) 5.60 11 .80 17.40
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Table 3.6. Salient Features of Indus Basin Replacement Project

Location/:Type of Works
Name of Work

Capacity
in cfs

Date of
Completion

I.	 Link Canals

11,000
10,000

3,900
19,000
18,600
6,500
12,000
21,700

February 28,	 1965
February 28,	 1965
February 27,	 1965
December 22,	 1967
June 30,	 1967
May	 16,	 1968
October 30,	 1970
March 2,	 1971

2

3
4
5
6
7
8

Trimmu-Sidhnai(T.S.)
Sidhnai-Mailsi(S.M.)
Mailsi-Bahawal(M.B.)
Rasul-Qadir-abad(R.Q.)
Qadir-abad-Balloki(Q.B.)
Balloki-Sulemanki(B.S.II)
Taunsa	 Panjnad(T.P.)
Chashma-Jhelum(C.J.)

II.	 Barrages (Diversion Weirs)

1 Sidhnai	 on River Ravi 16,700 March 31,	 1965

2 Mailsi	 Syphon on Sutly 429,000 December	 10,	 1964

River
3 -	 Qadirabad on Chenab 900,000 May 8,	 1967

River
4 Rasul	 on Jhelum River 850,000 December 21,	 1967

5 Chashma on	 Indus River 950,000 March 25,	 1971

6 Marala on Chenab River 1100,000 September	 1,	 1968

III.	 Dams

Mangla on Jhelum 5.33M.A.F. June 30,	 19671
(live)

5.88M.A.F.
(gross)

2 Tarbela on	 Indus 9.3M.A.F. Under Completion

(live)
11.10 M.A.F.

(gross)

IV. Remodelling of Old Works 

1

2

3

Bal loki-Sulemanki
Link(B.S.I.)

Marala Ravi Link
Bambanwa la-Ravi
Bed ian Dipalpur Link

(B.R.B.D.)

18,500

22,000
5,000
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3.4.4•4 Trade Offs. 	In agreeing to sign the Indus Water Treaty,

Pakistan made a great sacrifice to trade off her perpetual water rights

on the three eastern tributaries of the River Indus in the interest of

regional and international peace. The proponents of the Treaty nonethe-

less believed that there were losses as well as gains.

3.4.45 Gains. The claimed gains are listed below:

a. Pakistani engineers and administrators acquired useful knowledge

and working experience of modern contract administration,

financing and management of large water systems, through a

prolonged exposure to international engineering and management

practices.

b. Improved techniques for investigation, surveys, planning,

design, construction and operation of large engineering works,

and training of a large number of engineering supervisors,

draftsmen, skilled and semi-skilled craftsmen and labour, could

be usefully employed by Pakistan in the development and manage-

ment of its water resources later on.

c. Completion of replacement projects, provided Pakistan with a

firm foundation and infrastructure to proceed systematically

with further development of its surface water resources re-

maining for the three western rivers.

d. Besides replacement of irrigation supplies, stopped by India,

two multipurposes storage reservoirs would provide develop-

mental potential by way of supplemental supplies, power,

effective river regulation, flood control, etc. The actual
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physical location of the interbasin transfer link canals would

further provide a tool for effective river regulation through

their inherent water management potential.

e. Dangers of a conflict over this issue between Pakistan and

India was averted for good.

3.4.4.6 Losses. There are a number of direct as well as indirect

losses of very serious nature, which apparently outweigh most of the

claimed benefits listed earlier. These losses are:

a. Perennial supplies of 3 eastern rivers have been bartered away

for continuously diminishing storages. Creation of substitu-

tion storage is an unnecessary drain on the physical, technical,

and financial resources of Pakistan, which more than cancel out

the minor gains, discussed above.

b. Most of the interbasin transfer links cut across the natural

drainage and to economize on their costs they have not been dug

to proper depths and even in very sandy and loose reaches,

these links have not been lined. This has already accentuated

waterlogging along many reaches of these links.	 It is a pity

that original provisions for installation of over 2500 drainage

tubewells was later deleted just for the sake of false economy.

Heavy losses have been already suffered by many properties

along Q-B, B.S., T.P., and C.J. link canals due to excessive

waterlogging.
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c. Perpetual operation and maintenance cost of the sophisticated

replacement works in order to provide the replacement supplies

to the areas historically dependent on the three eastern rivers.

d. Loss of cultivation in the riverine flood plains completely on

the 3 eastern rivers and substantially on the 3 western rivers.

This is because the useful flooding of these vast areas (about

5 million acres or more) which used to get enough moisture for

maturing winter and summer crops without worrying about natural

precipitation or means of artificial irrigation is no longer

possible. The social cost of this loss is disproportionately

very high.

e. Reduction in the annual river flow by 33 M.A.F. has deprived

the Indus Basin of at least 11 M.A.F. of fresh water recharge,

which was essential to maintain a salt balance particularly in

the strip aquifers along the 3 eastern rivers. The water table

is already dropping very rapidly in the eastern riverine belt

and quality of ground water is also deteriorating fast to

become ultimately unfit for irrigation purposes.

f. River channel deterioration due to water abstraction in the

upper area on the eastern rivers by India and the western 
rivers

through creation of storage-cum-transfer works, has increased

the flood hazards significantly. This was quite obvious from

the consequences of the disastrous flood of 1973 and 1975, 
which

rocked the agricultural economy of Pakistan, 
besides disrupting

the normal channels of communication for a long time, 
despite
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international aid and war scale efforts put in by the whole

nation, including the Prime Minister of the country in person,

to mobilize the public and private resources to restore

normalcy.

g. The country's scarce land and water resources have considerably

shrunk. About 250,000 acres of fertile agriculture land has

been permanently occupied by the replacement works, which is a

recurring loss to the national economy. Also over 25 M.A.F. of

river supplies from the Western rivers, now tied down in

replacement, could help Pakistan in reclaiming and irrigating

at least 8 million acres of additional land, which could make

Pakistan not only self-sufficient in food, but perhaps an

exporting country. This boost to the agricultural economy

would have improved socio-economic conditions, national strength,

and security and balance of trade and payment with foreign

co-traders. These opportunities have been permanently lost or

traded off.

h. Over 150,000 people have been dislocated by the deep lakes

created behind the 3 reservoirs of Chashma, Mangla, and Tarbela;

from their hearth, home, and jobs, sentimental values apart. No

material compensation whatsoever can satisfy such displaced

people.

i. Between 1948 and 1960, Pakistan was occupied in the water

dispute with India and could not conceive of any feasible water

resource development, due to uncertainties shrouding the outcome
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of this dispute. The geographic limitations imposed by the

Indus Basin on Pakistan, gave India a free hand to plan, design,

and construct any project to utilize the waters of 3 eastern

rivers, settlement or no settlement. That is why water uses

in India, as reported by Syed (1975), increased by 162% over

1946-47 level as against only 31% increase in Pakistan.

3.4.4.7 Water Availability Before and After Treaty in India 

and Pakistan. The following general observations can be made on the

position of canal withdrawals in India and Pakistan before and after

the Water Treaty implementation:

a. Even after completion of all replacement projects at a high

local and foreign cost, Pakistan's uses have not increased

much beyond the pre-treaty level. Between 1960-61 and 1968-69

on the contrary, the Indian uses in the Indus Basin increased

more than 100%, according to Syed (1975).

b. From 1960 to 1970, most of the material, financial manpower,

and technical resources were tied in the construction of

replacement works, which pushed back all other development

efforts in the water sector. Adequate funds could not be

provided even for other sectors just to meet the local

currency obligations of replacement plan, particularly Tarbela,

the cost of which has increased manyfold since the 1964

estimate was prepared by the World Bank.
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It is, of course, too late now to debate the merits and demerits

of signing this Treaty as it is a fact of long past.	 Its adverse

impact on the socio-economic conditions of Pakistan are, no doubt,

lasting and of critical consequences. Yet the dreams of those who had

designed to strangulate Pakistan through this illogical truncation of

the Indus Basin, have been frustrated at least for the time being.

Another crucial problem inherited by Pakistan on independence was the

tain menace of waterlogging and salinity which was spreading like a

cancer to spoil vast tracts of fertile irrigated land. The genesis of

this twin menace, its impact and implications, inventory of salinity

control and reclamation efforts, present stage and future strategy,

based on the lessons learned from the experience of already operating

projects are discussed in the following section.

3.5 	Salinity Control and Reclamation Programs in Punjab 

Waterlogging and salinity had become noticeable in some parts

of the Indus Basin by 1862 A.D., as reported earlier, under the histori-

cal overview of water management. However, in the portion of the Indus

Basin lying in Pakistan its symptoms were observed for the first time

in the upper regions of Rechna Doab, after a few years of the commis-

sioning of the Lower Chenab canal in 1892.

Although phenomena governing the interactions between soil and

water, and the movement of salts and ground water in different regions

of the Indus Basin, as explained by Bokhari (1966), are complex ones;

it is possible to generalize and identify the following pertinent and

apparent causes of this twin menace:
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3.5.1 Waterlogging

a. Seepage from the rivers and irrigation channels.

b. Flood irrigation over uneven plots of land.

c. Irrigation practices on high lands (like, for instance, mesas

in the U.S.A. western irrigation areas) cause rapid rise of

the water table in the lower valleys.

d. Flatter slopes of irrigated lands having poor natural drainage.

e. Total absence of any artificial drainage.

f. Contemporary developments in the form of canals, banks and

railroad embankments, spoiled the natural drainage further.

Spills from the hill torrents, from the rivers and from the

local rain storms were blocked by these structures at many

places, as adequate drainage facilities were not provided

everywhere.

3.5.2 Salinity

a. Saline from within the soil. The soil profiles of the Indus

Plains are characterized generally by the presence of sodium

salts.	 In the northern parts of these plains, where salinity

appeared earlier, particularly in the Punjab area, the pre-

dominating salt is sodium sulphate with patches of sodium

carbonate. The southern deltaic region is impregnated with

sodium chloride.' These soils, according to one hypothesis were

formed as alluvium deposits in sea water.	 In such areas, poor

irrigation practices in the form of shallow water application,

without any provision for leaching out the salts and draining
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out the saline effluent, have accelerated the process of salt

accumulation in the soil. As explained earlier, this practice

was in fact encouraged by British local officers themselves to

derive quick financial benefits from minimum financial invest-

ment.

Addition of salt from irrigation supplies. Although the quality

of river water feeding the canal system in the Indus Plains

ranges from 100 to 250 parts per million (PPM) of salt concen-

tration which is by far superior to the Colorado River, but

still about 0.5 to 1.00 ton of salt is being added per acre

per annum in this area, only a small part of which is being

consumed in plant growth. The rest must be leached out and

deported for a reasonable salt balance.

c. Accumulation of salt from hill torrents.

d. Accumulation of salt as a by-product of waterlogging. As the

water table comes close to the soil surface, water losses

through evapotranspiration increase. 	 In this way soluble salts

present in the ground water move upward through the soil

profile. This is a common cause of salinity at many places of

the world.

e. Poor land and water management practices accelerate the pro-

cesses of both waterlogging and salinity.
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3.5.3 Surveys and Investigations

The fact that drainage operations in the Indus Basin have not

kept pace with the rise of sub-soil water and with the salinization of

the soil, does not indicate an acceptance, in principle, of the entire

disregard of the drainage problems. No doubt it is proof of the inade-

quacy - of efforts undertaken in this respect during the last hundred

years. The symbolic actions taken by the Britishers to constitute

enquiry committees, commissions, boards and institutions to investigate

and report as discussed by a Special Committee on Working of Salinity

Control and Reclamation Projects (1974) in Punjab, in its final report

are briefly reviewed here:

a. Well observations: As soon as stagnant ground water in pits

and depressions became breeders of mosquitoes and malaria fever

spread at large scale, investigations-to record the rate of

water table rise were initiated by Sir Thomas Higham in the

1860's. A series of open wells were selected to observe the

annual and seasonal fluctuations. These pre-monsoon and post-

monsoon observations are taken throughout the Indus Basin even

today.

b. Theoretical studies by Schonemann 1917: He examined the results

of the observations mentioned above and the experiments carried

out by Higham, Dyas, Kennedy, and Ford for absorption losses

in the U.B.D.C. in the context of ground water theory, to

evolve his own hypothesis for seepage losses and water table

movements.
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c. Drainage Board 1917: This board was set up by the government

to institutionalize investigation for understanding the causes

of this problem and for finding suitable remedial measures.

This agency was abolished in 1925, to appoint a Waterlogging

Enquiry Committee, which was also replaced by the Waterlogging

Board in 1926. This was nothing more than marking time and

assuring the natives that the Crown was really concerned with

their serious problem.

d. Elsdon research 1921: While endeavoring to review the subject

of percolation and waterlogging, he assessed the annual volume

of water which ultimately reached the water table from rainfall

and the canal system. He expressed the opinion that the main

causes of waterlogging was the obstruction of sub-surface

drainage by percolation from large canals. Accordingly he

suggested canal lining as an antiwaterlogging measure. This is

true that if all the canals were lined at his recommendation and

no unlined channel was commissioned later on, the history of

the Indus Basin agriculture economy would have been different.

This recommendation was given only a restricted trial and

rejected primarily on consideration of high initial cost,

susceptibility to frequent damages, high maintenance cost and

only partial sealing effect due to the porosity of various

lining materials.

e. Middleton's approach 1922: He reviewed various laws of sub-

soil water flow and percolation in 1922 and came out with his
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hypothesis that waterlogging was caused by the insufficient

drainage by rivers and difference in the permeabilities of

substrata.	 In his opinion, scientifically designed drains were

most effective to control waterlogging.

f. Wilson and Sarathy 1927-28: They examined the data of water

levels in open wells, rainfall, and irrigation water applied in

Rechna Doab and concluded that both rainfall and irrigation

were responsible for the rise in the water table, the major

cause being rainfall.

g. Irrigation Research Institute 1930-31: A Commission on Indian

Agriculture was appointed by the Crown, to recommend suitable

course of action. After visiting the affected areas and

reviewing the results of individual research programs, the

Commission suggested to set up an Irrigation Research Institute

to undertake extensive scientific research into this problem

and recommend appropriate remedial measures. This institution

is still functioning with its scope extended to basic and

applied research into all phases of surface and ground water

hydrology.

h	 Blench 1940: He worked out the actual seepage losses in many

reaches of the Lower Chenab Canal (L.C.C.) and found that

seepage losses from the whole system of main canals and branches

ranged from 40 to 47% of total discharge, thus establishing

the hypothesis that canal leakage was a major factor in rise of

the water table. Based on a comprehensive review of all
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available hydrologic and geologic data for Rechna Doab,

Carlston also confirmed in 1953 (after independence) that canal

leakage was the major factor responsible for rise in the water

table to cause waterlogging.

I. Land Reclamation Board 1940: To oversee the field survey and

laboratory research on behalf of the Crown, and to advise the

government on salinity control and reclamation of affected land,

this high level Board was constituted in 1940. After reviewing

the existing programs of research, the Board recommended that

research activities should be spread out, so as to cover all

types of areas affected by salinity and waterlogging. To

distinguish between various stages of salinization, it was also

decided that a classification of affected soils must be prepared.

To take care of all these functions, the Board recommended the

establishment of a full fledged Directorate of Land Reclamation,

under the administrative control of the Punjab irrigation

Department. This was established in 1945.

j. Directorate of Land Reclamation 1945: For a comprehensive

field research program, about a dozen land reclamation, research

and experimental stations spread throughout Punjab to cover all

possible climatic and physiographic conditions, were established

by this Directorate, according to its charter. Based on the

field and laboratory studies, soil deterioration standards were

formally evolved for the first time. Regular visual annual

salinity and waterlogging surveys were also started in Punjab

by this Directorate.
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This organization was not only retained by Pakistan,

but it was suitably reorganized and strengthened to carry out

detailed field surveys and research, recommend reclamation

programs to the farmers of different areas and also render

technical help to different public agencies working in the

field of ground water and salinity control.

3.6	 Physical Remedial Measures 

Based on the research studies just described, which were con-

tinued on an extensive scale after independence, a number of remedial

measures were attempted. These included: seepage drains, lowering of

full supply levels of the canals, reduction of water application,

drainage tubewells, and lining of irrigation canals. The following

conclusions were drawn from these experiments:

a. Each of these methods when tried on an experimental scale is

extremely useful, but in practical field applications falls

short of expectation. This is so because during an experimental

layout all possible constraints are well defined and cost is no

consideration, so that scientific land and water management is

practiced -- a situation which cannot be precisely replicated

under actual field conditions.

b. Results obtained from an experimental scheme for a couple of

seasons can be quite misleading.	 lt is possible that during

this experimental time the weather and climatic cycle is Un -

usual, so that results will be different with the reversal of



84

weather cycle. Longer trials are therefore needed to make sure

that a particular remedial measure will remain permanently

effective.

c. Field reproduction of the process is inversely porportional to

the dimensions of the experimental plot.	 If experimental

activities are restricted to small plots, the effects of

remedial measures can be noticed within a short period of

experimentation. The reclamation operations as well as control

over ground water levels can be achieved quickly, but reversion

to status quo is still quicker, when the experiment is discon-

tinued. The success of any of these methods, therefore, depends

on the intensive treatment of large areas.

d. Lowering of the water table can be best achieved by the combi-

nation of tubewells and networks of horizontal surface drains.

These drains can serve a dual purpose of carrying away flood

waters as well as saline effluent from irrigation areas.

3.7	 Inventory of Post Independence Efforts 

The salinity and waterlogging hazard, being accumulative and

time dependent, increased in seriousness even after independence. The

important dimensions added to this problem by independence, included

population explosion due to Muslim migrants from India, and the water

dispute over the rights of the three eastern rivers as already discussed.

Therefore, an all out effort was necessary to halt further spread of

waterlogging and salinity, reclaim the areas already affected and



85

improve the water management practices to revive the agricultural

economy of the country.

However, despite a positive political commitment and anxiety

to do something quickly, it took Pakistan more than a decade to launch

its first major salinity control and reclamation program. This was

due to a number of reasons, including lack of finances and lack of geo-

hydrological data. Within these limitation efforts to reclaim the

damaged area have been continuous, progressively gaining in momentum.

Some of the actions taken in this regard, deserve special mention here.

3.7.1 Appeal for Foreign Assistance

On a comprehensive review of reclamation operations, the new

government of Punjab (Pakistan) observed that pre-independence efforts

were hardly sufficient to reclaim 30,000 acres of affected land against

100,000 acres going out of cultivation every year. Realizing that

within the available technical knowhow, material and money, it would

be almost impossible to improve upon this situation, a call for interna-

tional help and assistance was made in 1951.	 In response to this call

the following agencies responded:

a. American Government sent Mr. C.R. Maierhofer, a drainage and

ground water engineer of the U.S. Bureau of Reclamation, for

technical assistance.

b. F.A.O. offered experts as well as financial assistance.

c. Canadian and other commonwealth countries also responded with

money, material, and technical assistance.
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3.7.2 Soil Reclamation Act of 1952

This Act authorized the creation of a Soil Reclamation Board to

investigate, plan, and execute all possible measures considered feasible

for eradication of this twin menace. This board also had the authority

to coordinate the activities of any other relevant agency, such as

Irrigation, Agriculture, Forestry, Animal Husbandry, and Cooperative

Departments. This board launched the following reclamation and drainage

projects from 1954 to 1960, with the help of local as well as foreign

assistance:

1. 1954 Chuharkana Reclamation Project

2. 1955 Jaranwala Reclamation Project

3. 1958 - 59 Pindi	 Bhattian	 Reclamation Project

4. 1960 Chichokimalian Reclamation Project

Later these projects were merged with the Salinity Control and recla-

mation Project No. 1 (SCARP-1), which was finally commissioned in

1962-63. However, the measure of success achieved in the operation of

these schemes was not of any appreciable magnitude essentially because:

a. The rate of recharge of the aquifer under the scheme areas

was higher than the discharge; and

b. The area of operation was not big enough with the result that

whatever quantity was pumped out, it was quickly replenished.

3.73 Ground Water Development Organization (G.W.D.0.)

Evaluation of the overall situation, in consultation with

foreign experts available in the country since 1951, led to the creation

of a new organization called G.W.D.O., in 1954, to undertake
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geohydrological investigations along modern scientific lines, to

facilitate application of sophisticated planning techniques in choosing

the most appropriate reclamation and salinity control measures. During

these soil and ground water investigations with the aid of the U.S.

government and Canada, it was discovered that out of a gross area of

28 million acres surveyed in Punjab and Bahawalpur, 15.5% (4.4 million

acres) was waterlogged, 5.6% (1.59 million acres) was severely affected

by salinity and another 14.3% (4.07 million acres) had saline patches.

These surveys and investigations were completed substantially during

1966-67.

3.7.4 Water and Power Development Authority (WAPDA) Act of 1958

A regional authority on the pattern of T.V.A. in the U.S.A.

named WAPDA was created in February 1958, to undertake unified and

coordinated development of water and power resources of West Pakistan

(now Pakistan). This naturally involved preparation of a comprehensive

master plan on long range management of water and power resources of

the country. Besides, it was required to plan, design, and execute

water and power projects of the following nature:

a. Prevention of waterlogging and reclamation of saline lands.

b. Irrigation, water supply, drainage, inland navigation, flood

control, watershed management, and recreational use of water.

c. Generation, transmission, and distribution of power and the

construction, maintenance, and operation of power houses,

grid-stations, and distribution networks.
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d. Prevention of any ill effects on public health resulting from

any operation of WAPDA.

3.7.5 Transfer of G.W.D.O. to WAPDA in 1959

In 1959, the entire work of planning, investigation, and

execution of reclamation projects along with G.W.D.O. was transferred

from the Provincial Irrigation Department to WAPDA. Two separate

divisions, one called Water and Soil Investigation Division (WASID),

to look after planning and investigations, and another called the

Reclamation Division, to look after the execution of the projects, were

created to handle this job.

3.7.6 Foreign Consultants

For detailed engineering, planning, and execution of individual

projects, WAPDA contracted Messrs. Tipton and Kalmbach (T & K), a firm

of consulting engineers from Denver, U.S.A. The assignment of a master

plan was given to Harza Engineering Company International (Harzint),

another firm of consulting engineers from Chicago, U.S.A., which was

also appointed as general consultants to WAPDA. T & K prepared feasi-

bility reports for six salinity control and reclamation projects (SCARP)

in Punjab, and supervised the construction of 4 SCARPS. The first

salinity control and reclamation project was undertaken by WAPDA in

Rechna Doab of Punjab in 1959. This project was completed and put into

operation in March, 1963.	 In all, 1796 new tubewells having a designed

installed capacity ranging between 2 to 5 cfs and installed by a foreign

contractor MIS H.T. Smith and Co., and another 248 tubewells installed
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already by the Soil Reclamation Board were grouped together to form

SCARP-I.

3.7.7 Reclamation Plan 1961

In 1961, under a directive from the then President of Pakistan,

WAPDA prepared a tentative reclamation plan for the entire West

Pakistan (now Pakistan). This included 26 SCARPS, out of which 9 were

in Punjab, and the rest mainly in the Lower Indus Basin (Province of

Sind). The cost of this plan was estimated at U.S. $1200 million and

it was proposed to complete the execution of all the projects within

10 years from 1961. Later on this program was reviewed by a number of

international experts including the U.S. White House Scientific Panel on

Waterlogging arid Salinity (U.S.W.H.S.P.W.S.), headed by Dr. Roger

Revelle; MIS T & K; Harzint; a World Bank team of experts, led by Dr.

Pepter Lieftinck; and the Indus Review Mission 1970. Each of these

agencies presented their own development strategy, but there were only

minor differences in the overall approach and design of project facilities.

The pace of executing this program was retarded by a number of

difficulties and uncertainties about geohydrologic parametrs, non-

availability of adequate local and foreign funds, political exigencies,

revised priorities and big delays in power generation, and extension of

transmission and distribution facilities in the proposed project areas.

Another concurrent development which also affected the progress

was the dramatic increase in private tubewells, the number of which

increased from 15,000 in 1960 to over 90,000 in 1970. This increased

the annual water availability by 15 maf without any burden on the
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public sector. Compared to this, less than 9,000 tubewells having a

total installed capacity of about 26,000 cfs could be completed in the

public sector at a cost of about U.S. $167 million. The annual water

deliveries from these wells do not exceed 7.5 maf and more than 50%

of the water delivered is not fit for direct irrigation applications.

The effective life of these expensive tubewells is even less than 50% of

what had been assumed in the project feasibility. The actual economic

efficiency of this program is much lower than projected. There are

wide gaps between the anticipated and actual achievements. Salient

features of the part of the program executed so far are given in

Table 3.7, obtained from the report of a Special Committee on Working

of SCARPS.

Table 3.7. Particulars of SCARPS Completed by WAPDA

Instal- Actual	 Length	 Capital

C.C.A.	 No. of led Ca- Annual	 of	 Cost in

S. 	Million Tube-	 pacity	 Pumpage Drains	 U.S. $
No. Project	 Acres	 wells	 M.A.F.	 M.A.F.	 (miles)	 Millions

1	 SCARP-1	 1.14	 2068	 4.00	 2.00	 -	 24.00

2	 SCARP-II	 2.10	 2205	 5.90	 2.65	 450	 84.00

3	 SCARP-111	 1.05	 1604	 4.20	 1.65	 150	 40.00

4	 SCARP-IV	 0.56	 935	 2.50	 1.20	 -	 19.00

Total	 4.85	 6812	 15.60	 7.50	 600	 167.00

Source: Final Report of Special Committee on Working of SCARPS 1974.
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3.8	 Revised Strategy 

The end of the Third Five Year plan period in 1970 marked the

beginning of a shift in the reclamation strategy, which had remained

operative for a decade or so. There are a number of reasons for this

change, some of which are listed below:

a. The basic concepts of deep mining, relaxed salinity standards

for irrigation water, deferment of drainage and reclamation

of saline areas to concentrate on intensive irrigation in the

so-called sweet water zones, substitution of established rights

on fresh river supplies delivered through public irrigation

channels, by unreal iable and sometime hazardous tubewell waters,

which formed the very basis for planning and justifying these

projects under the old strategy were considered socially and

politically unacceptable.

b. The economic and financial feasibilities, which were concep-

tually based on the above considerations appeared to be only

theoretically possible. The projects were a mismatch to the

local setting.

c. The physical targets in terms of cropping pattern and recla-

mation of affected areas were not achieved and project facili-

ties needed replacement much earlier than anticipated.

d. While the target of water availability fixed for public recla-

mation programs remained unrealized, private tubewells excelled

their targets and compensated for all the shortfalls of the

public tubewell programs.
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Due to political exigencies in the East as well as West wings

of the country, the pattern of resource allocation had to be

changed to meet new challenges to the national security. The

situation is aptly explained by the then Deputy Chairman of the

Planning Commission in his foreward to "Evaluation of the First

Two Years of Fourth Five Year Plan - 1970-72," in the following

words, "These tao financial years 1970-72 were marked by unpar-

alleled political and military events in the history of Pakistan.

In brief, political turmoil, labour unrest, the war, the de-

linkage of East Pakistan and the breakup of a common market

built over a period of nearly a quarter of a century, the

diversion of resources to non-development purposes, the dis-

ruption of long established channels of trade and supplies and

interruption in the availability of external aid/loan led to

stagnation in economy and marked shortfall in the achievement

of targets spelled out in the tao annual plans. The development

goals of the Annual Plans were significantly overshadowed by

considerations of the survival of the nation."

Consequently, during 1970-71 and 1971-72, the financial allo-

cations to this program was not enough even to clear outstanding local

and foreign financial liabilities and to carry on the signed contracts

for energization of tubewells installed during the Third Plan period.

In fact, nothing worth mentioning was accomplished during the first

year and a half of the "Fourth Plan" period.
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A change over from Marshal Law to a constitutional democracy

in 1972, revolutionized the entire outlook towards socio-economic

developments. Agriculture being the mainstay of Pakistan economy, the

optimum management of land and water resources became the pivotal point

in the new strategies. Reviewing the progress of implementing the

Salinity Control and Reclamation Program, the President of Pakistan,

observed on March 6, 1973:

Next year, we have to give greater attention to the curse of
Waterlogging and Salinity. So far we have merely toyed with
the problem.	 Its seriousness must be faced squarely. We
must do something worthwhile on a large scale, Far above the 
SCARP Scale.

Accordingly, the Planning Commission undertook the formulation of pro-

posals for an Accelerated Program of Waterlogging and Salinity Control

in Pakistan on a top priority basis.

In consideration of conceptual, technical, socio-economics and

'managerial lapses in the old planning strategy, the following criteria

were adopted during a meeting on May 17, 1973, for the future recla-

mation program:

a. The level to which ground water could be lowered should be 10 to

15 ft. Mining of ground water was not recommended.

b. Capacity of tubewells in fresh water zones should be 1 to 2 cfs,

and in saline zones 1.5 to 2.5 cfs. The capacity in the saline

zones, however, need not be rigid, but should be decided on the

merit of each case.

c. Fiberglass and stainless steel are not recommended as they are

expensive, and brass and coir rope are considered as most
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suitable materials for strainers. P.V.C. and other types could

also be used for experimental purposes.

d. Instead of deep turbine pumps, centrifugal pumps could now be

used, as the water table is to be fixed at 10 to 15 feet and no

mining is to be done.

e. For water quality, U.S.D.A. Handbook 60 standards should be

adopted.

A tentative program for Punjab drawn up accordingly is given in

Table 3.8. Similar programs for the remaining states are also under

preparation.

All the three phases (A, B, g C) of this program are proposed to

be completed by the end of the Seventh Five Year plan ending in 1990.

If the entire program is kept in the public sector, the estimated cost

of this program would be about U.S. $600 million. But app-rently it can

be reduced substantially if the private sector is encouraged to install

their own tubewells in the sweet water zone according to a master plan,

currently being prepared by WAPDA. WAPDA has engaged a number of firms

of consulting engineers to plan a Salinity Control and Reclamation Pro-

gram for the entire irrigated area, not tackled so far. The accelerated

reclamation program has already been launched by WAPDA from July, 1975.

3.9	 Summary

Salient features of management practices in the U.S.A. and

Pakistan, which represent nearly extreme ends of a socio-economic scale,

are summarized below:
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a. The entire water development and management program in Pakistan

is in the public sector, except for private tubewells installed

by farmers to supplement their on-farm water supply. Against

this hardly 20 0/ of the reclamation program in the U.S.A. has so

far been executed by the Federal Bureau of Reclamation. The

remaining 80 0/ of the development is mainly local and private in

nature. The same applies to operation and management of com-

pleted reclamation programs. This differential can be explained

in terms of political history, technical know how, and invest-

ment potential in the private sectors in the two countries.

b. Since the turn of the current century, most of the reclamation

and water development programs in the U.S.A. were multipurpose

in nature and gradually they have moved from uniobjective to

multiobjective in character. Against this, in Pakistan, with

the exception of SCARP tubewells and Mangla and Tarbela dams

built under the Indus Basin Replacement Plan, most of the water

works are still unipurpose such as irrigation or flood control

or drainage.

c.	 In the U.S.A., most of the irrigation systems are fed from

reservoirs so that there is adequate flexibility in operation

to meet the full water requirements of the cropped area. Again

this entire water system in Pakistan is based on the run of the

river.	 It is fed from low height diversion weirs, which do not

have any storage capacity to hold back water for use during low

supplies in the river. Therefore, the system is incapable of
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meeting the full consumptive use of water during periods of

low supplies. Moreover, the system is so heavily under-designed

that if water allocation is made on the modern scientific basis,

only 50 0/o of the presently irrigated area can be serviced.

Again, the system of water distribution in Pakistan is

based on a non-scientific, fixed roster of one watering per

week on a time schedule fixed in some cases over 50 years ago.

The amount of water delivered is not metered, and it has no

relationship to the farmer's actual requirements.	 instead, it

depends on the proportionate share of the water flowing in the

river. This rigidity in schedule for irrigation and uncertainty

in the quantity of irrigation supplies delivered during one

watering as well as during a crop season, make advance planning

on the farm an impossibility.

d. Pakistan made a great sacrifice in signing the Indus Water

Treaty with India, as it meant trading off her perpetual water

right on the three eastern tributaries of the River Indus for

two storage dams which have only a limited life. The conse-

quential losses of implementing the treaty are much more than

anticipated by its proponents.

e. The Salinity Control and Reclamation Program launched by Paki-

stan in 1959-60, did not achieve the desired objectives in full.

A revised accelerated reclamation program was launched from

July 1975 to be completed in two phases. The revised program

is being planned to eliminate a number of pitfalls in the

earlier plans.



CHAPTER 4

METHODOLOGIES FOR WATER MANAGEMENT

Before undertaking a meaningful evaluation of various method-

ologies for water management, it seems imperative to discuss objectives

and phases of water management.

4.1 Management Objectives 

The objectives of water resource management vary around the

world according to locale, political, cultural, and social structures,

needs and priorities. Starting from the national economic development

and environment quality in the U.S.A., management objectives in less

industrialized developing countries of the world may include self-

sufficiency in food and fiber, balance of payment, more equitable

distribution of income, removal of regional disparities, etc. 	 It is,

therefore, impossible to generalize to one or two objectives of water

resource management for all regions of the world.

Muss ivand (1972), however, opines that though objectives differ,

the steps or phases of management necessary to achieve the objectives

are similar everywhere. The phases outlined by him are discussed very

briefly in the following paragraph.

98
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4.2 Management Phases 

There are the following five phases, which are applicable to

all possible types of real life problems pertaining to water manage-

ment. These are:

a. Problem Identification (Forecasting). 	Identification of present

and future needs and inventory of manpower, material, and

financial resources available within the region or possibilities

of interregional transfer of these resources. This is both a

difficult and critical phase of water management. The diffi-

culties are created by the shortage of reliable data and inade-

quate institutional arrangements for collection of data of field

investigation and research studies needed for proper identifi-

cation of problems, needs, and matching resources. Also, the

objectives of water management are defined clearly in this

phase.

b. Formulation of Alternative Solutions. Once the needs have been

identified (in consultation or with active participation of

beneficiaries), all possible solutions should be considered,

no matter how remote or far-fetched they seem. Experience and

hindsight evaluations have shown that many of the best solutions

to problems were those which were originally discarded as unre-

alistic.	 It should be noted that sometimes the best option may

be to do nothing, so even such negative alternatives should be

considered. Both structural and non-structural alternatives

have to be conceived and listed for the application of potential
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technologies discussed later for planning of water resources

development.

c. Evaluation and Selection of the Best Alternatives (Decision 

Making). When all possible alternative solutions have been

listed, they must be evaluated objectively in order to choose

the one which will best meet the objectives and satisfy all

constraints. After the problem identification, this is the

most important stage of water management as it involves appli-

cation of the most appropriate methodology for carrying out

ex-ante-evaluation of various alternatives and making the final

selection of a project design considered best under the given

socio-economic conditions. The range of decisions can, however,

extend even to "no action" at all, by rejecting all alternatives

presented by planners to decision makers. 	 It is, however,

typical in some developing countries that feasibility reports

of pre-judged alternatives are intuitively planned on the basis

of insufficient data and rushed through the mill of decision

making.

d. Implementation (Action). Once an alternative has been politi-

cally accepted, the next stage is its physical implementation

and management. This stage entails activities such as prepa-

ration of detail designs, construction drawings, contract

documents, and operating criteria. Also, arrangements are

finalized to allocate necessary funds for execution of the

project and employment of a construction agency. As 
soon as
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the project is completed, a suitable institutional arrangement

is made for operation and management of the project according

to the approved operational manuals, to ensure achievement of

the planned target according to the scheduled phasing. Against

this ideal setting, the situations in real life are -less

satisfactory.

e. Ex-Post Evaluation. Application of the most sophisticated

planning technique to choose an alternative water project does

not automatically guarantee the achievement of planned objec-

tives. As put by Howe (1974), even with the best ex-ante-

evaluation ... there remain sufficient uncertainty about the

ensuing events as to warrant provision of ex-post assessment

of such projects, so that useful lessons may be learned from

the experience gained on them and adverse developments if any

are corrected by taking timely action. The need for ex-post

evaluation was also emphasized by U.S.W.H.S.P.W.S. (1964) in

the foreword of their final report as follows:

"For the first five or six years, we would propose to bring in

project areas at the rate of about one a year, so that expe-

rience gained from the earlier projects could be gainfully

employed in the planning and design of subsequent projects."

As Sewell (1973) puts it, an extremely valuable but

generally neglected step in the policy making process is the

monitoring of experience in implementing projects and policies

with a view to determining the extent to which they succeed in
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attaining the goals set for them, and the degree to which they

result in unpredicted consequences. Studies of agricultural

adjustment programs in Canada, as reported by Buckley and

Tihanyi (1967), have shown, for example, that subsidies to

farmers have not succeeded either in improving the lot of the

average farmer, or in promoting major changes in the types of

farming. Likewise, King (1967) reported that reviews of pro-

jects sponsored by the World Bank have also indicated that many

of them failed to attain their objectives.

4.3 Difficulties in Decision Making 

As already indicated, the most crucial phase of water management

is the third pahse, in which a choice is made about the alternative

system design to be physically implemented. This pivotal phase of

management must be carefully understood both by planners and decision

makers. Some of the difficulties faced by them as reviewed by Duckstein

(1975a) are due to:

a. various types of uncertainties;

b. multiobjectivity of water resource management; and

C. constraints.

Each of these is briefly discussed below.

4.3.1 Uncertainties

There are the following uncertainties about the hydrologic

cycle as operated by nature and man jointly. These have been discussed

in detail by Bogardi (1975) and Duckstein (1975a):
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a	 Natural uncertainties. Nature is random in character, so that

natural events such as rainfall, droughts, evaporation, runoff,

geophysical processes and many other segments of the hydrologic

cycle cannot be predicted in a deterministic way and, hence,

introduce an element of uncertainty in the process of decision

making.

b. Model uncertainties. Despite unprecedented advancement of

hydroscience during the current century, we are far from under-

standing all the processes of nature. Still we strive to con-

struct models' to explain these processes.	 In the opinion of

Bogardi, the models are never able to simulate "real" life, and

the difference between the observed "real life output" and the

"model output" is regarded as model uncertainty. According to

Hall and Dracup (1970), often the greatest problem is that

we do not know and cannot observe "real life output" and, there-

fore, only the outputs of different models can be compared.

Thus, the relative reduction of model uncertainty can be

attained by a more exact model.

As seen by Duckstein (1975a), the impossibility of con-

structing or choosing a proper model to represent the actual

elements of a water resource system introduces uncertainty due

to imperfect modeling. This partly explains Biswas's (1972)

anxiety about non-application of models to real life problems

of water management. Even though many sophisticated

mathematical models of river systems have been developed,

including their economic and ecologic ramifications, very few
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of them have actually been used for water resource management.

White (1969, p. 9) explained this position in his own style as

follows, "The course of events of water management overseas,

as well as in the U.S., indicates that most important single

factor clouding the horizon is the broadening gap between the

level of scientific and technological knowledge and its sensi-

tive application in daily practice."

c. Sample uncertainties. This uncertainty originates from the

limited number of observation data referring to either natural

phenomena, or economic, social, and political processes. As

discussed by Duckstein (1975a), the sample uncertainty is caused

by the finiteness of sample data that is available to estimate

the model parameters. This is particularly true in most of the

developing countries where insufficiency in the hydrologic data

is experienced so frequently, due to non-availability of techni-

cal and financial resources required for bridging the serious

gaps in the relevant information.

d. Economic uncertainties. These are caused by inadequate knowl-

edge of economic factors such as construction, energy, labor

costs, flood damages, drought losses, etc. This difficulty is

experienced by planners and decision makers both in the devel-

oped and developing countries.

e. Strategic uncertainties. The long time required in planning,

design, and ultimate execution of a water resource system is the

root cause for this as well as many other uncertainties. The
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decision makers do not know at the time of taking decisions,

what the institution and priorities may be when a project is

actually implemented. For instance, it is impossible to antic-

ipate changes in common law concerning treated sewage recharge

into a aquifer or used directly for municipal consumption.	 It

is equally difficult to anticipate changes in statutory legisla-

tion. Structural changes caused by new technologies are also

likely to add to this uncertainty.

f. Technological uncertainty. 	 It is not always possible that new

technologies introduced in different settings may produce

similar results or meet the same degree of success or each

society accepts the new technology with the same speed. There-

fore, at times even an "old" technology already implemented in

highly developed countries may turn out to be a "new" technol-

ogy in developing countries, where it may be difficult to fore-

cast the response to the system with any degree of certainty.

The standard methods to deal with most of these uncertainties

have been discussed at length by Bogardi (1975).

4.3.2 Multi-Objectivity

As discussed earlier under the historical overview of water

management since the turn of this century, the influence of technical,

social, economic, and environmental factors have gradually

changed water management from single purpose-single objective projects

to multiple purpose-multi objective projects. According to Monarchi,
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Kisiel, and Duckstein (1973), the difficulty is not only in choosing

among vectors or measure of system effectiveness, but also to define

the goals the system is supposed to achieve. The situation has, how-

ever, crystallized after the formulation of "Principles and Standards"

in the U.S.A. But in most of the developing countries, including

Pakistan, development strategies and objectives of water management

need better definition if the latest planning methodologies and manage-

ment techniques are to find their application in these countries.

4.3.3 Constraints

O'Riordan and More (1969) observed that most democratic countries

attempt to emphasize the economic significance of the (water) allocation

process, although their decisions are often affected by poorly coordi-

nated executive power of governmental agencies and by the pre-existing

social and legal institutional arrangements. The presence of these non-

optimal factors in the real world introduces practical difficulties

which inhibit the full realization of any optimizing allocation tech-

nique and the achievements of complete economic efficiency. Water

resource policy, therefore, will not only vary significantly from nation

to nation but even between regions, because of the differing political,

social, economic, regional, and psychological stresses that are placed

upon the decision makers.	 In reality, therefore, decision makers are

faced with a large number of constraints which must be considered in

reaching any conclusion regarding water resource development (manage-

ment). These are:
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a. Physical constraints. Any resource base must have a physical

limit of development, regardless of the total economic inputs.

b. Fiscal constraints. Total development will depend upon the

amount of public money available in the light of other demands.

Needs are boundless, but fiscal resources are finite.

c. Policy constraints. Certain water resource functions may not

be permitted, either for social, ethnical, cultural, or politi-

cal reasons, to drop below a clearly defined quantity of use

(e.g., public water supply requirement and pollution and water

quality control).

d. Legal constraints. Water resource legislation is usually the

outcome of a compromise between the demands of vested-interest

groups. An example of the favoring of vested-interest would be

the financial encouragement of irrigation in the western U.S.

e. Administrative constraints. The formulation of an optimum

water resources allocation policy depends upon the willing

coordination between existing local authorities and different

levels of state and federal governments, which is difficult to

achieve.

f. Ownership constraints. The management of water resources inevi-

tably involves the management of associated land resources and

opposition by private owners may inhibit or prevent project

development. As explained by Maciflko (1963), it happened in

the Columbia Basin during 1948-54, when even after signing the

contracts, the owner of at least 300,000 acres refused to take

irrigation water.
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Quantification constraints. The constraints outlined above

assume greater importance in view of the inherent difficulties

of quantifying many intangible benefits and costs, particularly

of a social or aesthetic character. Appropriate scale of

measurements for these benefits has yet to be evolved.

h. Perception constraints. The behavioral outcome of choice in

water use is affected by the perception of the range of choice

available to decision maker -- be he a direct beneficiary,

engineer, or resource planner. Perception of alternative uses

in water resource management is still imperfectly understood,

but is now considered to be of great importance in the process

of resource allocation.	 In the developing countries cultural

barriers and lower education level add to this constraint.

4.4 Planning Methodologies 

Water resource planning, in the opinion of Schwartz (1972),

should be objective oriented, must strive to search out as many alter-

natives as practicable, must be flexible to respond to changes in condi-

tions, objectives and values, and should be a continuous process rather

than culminating in a single final plan. According to James and Lee

(1971), the purpose of planning is to determine the program of water

resources development and management that will contribute the most to

the welfare of all the people. The methodologies for plan formulation

should be responsive to changing social objectives, better and faster

techniques of evaluative analysis, and advancing technology for plan

implementation. Often those in the forefront of planning research and
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those who review current decision making become discouraged or even

cynical at the resistence of the established agencies to change.

Improved practices meet with inertia; inertia of established agency

doctrine or practices; inertia of political pressure groups seeing a

threat to their special interest, and inertia of existing law.

4.4.1 Need for a Change

The traditional approach to planning for development or resource

allocation in the U.S.A. has been to project future demands for the

services provided by water and water related resources and to accept

those projections as requirements. The structural or non-structural

projects that led to the least cost fulfillment of the requirements

constituted the plan. If alternatives were looked at, they were just

the alternative technical ways to fulfill the same requirements. Only

since the 1950's was a range of objectives in water resources planning

considered. Prior to that even multipurpose projects were designed

basically as uniobjective projects. This change from uniobjective

planning for single purpose or multipurposes to multiobjective planning

for multipurpose projects calls for more exact planning of water re-

sources developments.

4.4.2 Application of Mathematical Models

The complexity of water resource systems, according to Buras

(1972), stems from the fact that their components arise from the natural

(physical and biological) domain, as well as from the social (economi-

cal, institutional) domain. A thorough analysis and understanding of

the interaction between these two domains necessitate, among other
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things, the construction of mathematical models which can tackle the

multidisciplinary aspects of water resource developments, utilization

and conservation. Such modeling and analysis have been advanced mainly

due to three major stimuli: a rational conceptual approach (systems

engineering), effective methods of mathematical analysis (operations

research), and computational facilities (analog, digital, and hybrid

computers). Moreover, mathematical models are the only means to link

future needs with past data.

Arguing in favor of the applicability of mathematical modeling

techniques to water management, Pentland, Reynolds, and Biswas (1972),

pointed out that it can significantly aid the decision maker to arrive

at better decisions than otherwise possible by broadening his informa-

tion base, by predicting the consequences of several alternative courses

of action, and by selecting a suitable course of action which will

- accomplish a prescribed result. These techniques go a long way to

assist the decision makers in choosing an appropriate strategy for water

management also.

4.4 • 3 Lag in Models' Applications

Despite these high sounding statements in support of modeling,

very few models have actually been used for water resource managment.

Some of the major reasons advanced by Pentland et al. (1972) for this

apparent dichotomy are briefly discussed below:

a. System analysis models became fashionable around 1965 or so,

and once the "band wagon" started rolling, needless to say,

many scientists jumped on it. Several of them went on doing
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exactly what they were doing before, maybe with some minor

modifications, and reshaped their work in terms of the new

"glamorous" field. The technique thus lost some credibility

right at the beginning.

b. In the early days, there were very few water resource profes-

sionals who had the necessary mathematical and computer sciences

background to carry out these types of studies effectively.

However, this situation had drastically changed now, as several

universities in Canada, the U.S.A., and Europe, now offer

specialized courses in modeling.

c. It seems that water resources systems specialists have tended

to communicate primarily with each other -- rather than with

the professionals actually associated with water planning and

management. Thus, a "communication gap" has developed.

d. Modeling is still a rather specialized area. Many planning

agencies cannot afford to keep full-time analysts. This is

especially true for small agencies where modelrng efforts

generally tend to be rather sporadic, and hence, cannot even

keep one full-time analyst fully occupied over a longer time

horizon. Equally important is the fact that specialists in

modeling are often rather reluctant to get involved in mundane

administrative and bread-and-butter activities of the planning

agencies. Hence, often it is difficult for these agencies to

attract and retain talented personnel in this field.

Even though an agency may retain a consultant to carry

out a modeling study, the results may never be meaningfully
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utilized unless there is some in-house capability to realize

their potential, and perhaps modify them from time to time as

found necessary.

e. Probably the most important factor is that the senior management

of most of the existing water planning organizations were

trained well before the modeling and system analysis era. Conse-

quently they do not fully understand the strength and weakness

of such analyses and do not have faith in the results. Often

they question, and sometimes quite justifiably, whether the

costs associated with such exercises are really warranted. In

a sense, the system analysts have only themselves to blame for

this unfortunate situation. Some of them promised in the past

that new techniques will provide solutions for all the complex

water resources problems, and not surprisingly they could not

deliver the goods. The senior management sometimes committed

substantial resources and did not receive value for their money.

Thus, the situation may be described as "once bitten, twice shy."

4.4.4 Types of Mathematical Models

Mathematical models are usually classified into two different

types, namely, (1) deterministic models, and (2) stochastic models.

Each type is only briefly described here as these are fully discussed

in many texts on the subject including Mathematical Methods in Operitions

Research by Gue and Thomas (1968), and Operations Research  by Taha (1971).

a. Deterministic Models. This type of model ignores uncertainties

in the input data and system operating characteristics and
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enables one to solve certain classes of optimization problems,

especially those related to biological-economic systems.

Linear, quadratic, and dynamic programming and Leontief input-

output analysis are commonly used for achieving an optimal

solution to an objective function subject to a given set of

constraints. Input-output analysis can be employed to analyze

simultaneously the entire water system which is highly inter-

dependent among ecological, engineering, socio-economic, and

recreational components at a particular point in time.

b. Stochastic Models. An alternative approach to solving complex

problems of choice under undertainty is to include random

elements in the form of probabilities. Therefore, stochastic

models, which incorporate stochastic variables into an analysis

are of several types, but all are basically aimed at allowing

the decision makers to generate a deterministic decision

response to some random variables.

A combination of the deterministic and probabilistic

processes including statistical decision theory, queueing theory,

inventory theory, Markov processes, and simulation techniques

are often used for the generation of synthetic river flows and

precipitation, and for solving problems relating to water

supply, flood control, navigation, water quality control, power

generation, irrigation, and recreation.

All these techniques require sufficient and reliable data

which is essential to the study of the water system as a whole.
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The quality of output depends on the quality of input data and

assumptions made to simplify the real life system for model

application and also to fill gaps in the data.

4.4.5 General Observations on These Modeling Techniques

a. During the course of the North Atlantic regional water resource

studies, it was realized by Schwartz (1972) that an overall

mathematical solution that maintains at least some similarity

with reality is not likely to appear at any time. Therefore,

it is always necessary in practice to make simplifying assump-

tions and complex systems must be segmented into sub-systems

for their solution.

b. On the basis of a model for estimating regional water needs,

Schaake and Major (1972) observed that although models have

features similar to more traditional handcrafted methods of

estimating water demands, the availability of the model can

provide more effective planning operation because it can guide

the collection of data in an efficient way. Also there tends

to be a reduction in the accumulation of unconnected data with

the models.

c. The impact of system's techniques on the planning process were

evaluated by Major (1972) using an input-output based demand

projection model and a mathematical programming supply model.

The impacts studied relate to the coordination and control of

•the planning process, the consideration of multiple objectives,

the assessment of uncertainties, the efficiency of planning,
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the scope for the exercise of judgment, etc. He concluded that

the impact of system's techniques was positive; accordingly he

recommended that no major water resource planning efforts in

the U.S.A. be undertaken in the future, without a commitment to

the use of system techniques.

d. According to Zimmerman (1972), practical problems associated

with the use of mathematical models include high costs, unex-

pected cost overruns, time overruns, distrust of results if the

client cannot grasp the methodologies used and dissatisfaction

with models if the results are only marginally superior to those

obtained with conventional methods. 	 In his opinion, the re-

source managers and the public at large will continue to be

reasonably satisfied with the answers provided by conventional

analysis.

e. Takahasi and Takeuchi (1972) explained that neither design nor

operation projects obtain its justification through the use of

mathematical modeling techniques.	 In most cases, Japan's

natural, social, and historical pecularities make a direct

application of those techniques impracticable, which is, in

fact, not only the case in Japan, but seems to a considerable

extent the case all over the world.

Explaining the reasons for this state of affairs, they

stated that application of any of these techniques requires

assumptions for the simplification of the real life situation,

so that the output of analysis much depends on the analysts
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attitudes to the assumptions.	 If these assumptions are unreal,

techniques inevitably bring misunderstanding to the decision

makers.

f. Weber, Kisiel, and Duckstein (1973) made the following obser-

vations on the mismatch between data and mathematical models.

I. A model may fit observed data quite well and yet be of

little or no value for prediction.	 In this case, either

the form of the model or the parameter estimates or both

may be inappropriate for the predicted observations.

ii. No amount of data will permit accurate estimation or pre-

diction if the model is incorrect; on the other hand,

precise estimation or prediction is not possible from a

correct model unless sufficient data are available. All

this points to the fact that an analyst must have a sound

knowledge of the system being evaluated by him.

g. Klemes (1974, p. 687) observed "it is an advancement of knowl-

edge if the mathematician makes a hypothesis about the physical

nature of a process on the basis of its formal mathematical

structure. But it may be an impairment of progress if the geo-

physist does not go beyond this point or if he treats the

mathematician's hypothesis as an established physical reality."

In summary, the stage has reached when the question is

not of making a choice between the conventional approach and

operation research, system analysis and modeling, etc., but it

is for refinement and adaptation of these modern tools to make
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them adequately applicable to the multiobjective planning and

development of water resources. In fact, the search is di-

rected now to discover methodologies which are pragmatic and

flexible enough to absorb changing demands of future water uses.

The requirements set by Principles and Standards for planning

water and related land resources in the U.S.A. can be best met

through the application of system analysis as they involve

multiple agency and multiple means approaches to achieve diverse

objectives of national economic development and environmental

quality.

4.4.6 System Analysis

The system design methodology developed by Wymore (1974, 1975)

and employed by Duckstein (1974, 1975a), deals with the problem defini-

tion as well as evaluation of various alternatives to choose the best

system design under a given set of conditions. The following five steps

are involved in the problem definition:

a. The input elements (assumed as given) and output elements are

classified and listed.

b. The sets of input and output variables called performance

variables (PV) which will be observed for the purposes of eval-

uating a system, are defined. As explained by Duckstein (1974,

1975a), PV's will be used to measure the goodness of a model in

terms of the decision maker's or client's desires. Systems will

be ranked or ordered according to the set of PV's that charac-

terize each of them. This is performance ordering ((x).
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c. A set of indices, called resource indices (RI), is defined to

evaluate the type and quantities of resources (capital, labor,

material, data, model, amount of surface and ground water, etc.).

In other words, the question of feasibility of a system in terms

of available resources is examined, which leads to an ordering

based on the RI's called resource ordering (i).

d. A set of trade off functions (TOE) is defined for the case when

conflicts arise between the orderings a and f3, and leads to a

trade off ordering y. For example, if there are two possible

systems, and the one, which requires more resources is also more

efficient in performance, then the ordering y will decide,

whether a less satisfactory system can be accepted or more

resources should be provided to obtain the more efficient and

more desirable system.

e. Finally, a test plan describing how a system will be evaluated

in space and time is outlined. Once a system has been selected

to develop water resources of an area, arrangements for its

ex-post evaluation must be conceived. In doing so, it would be

necessary to decide upon the Pt's, on which the data must be

collected during post project monitoring and hindsight evalu-

ation. Obviously, a legal system setting regional water quality

standards would not serve its planned objectives in the absence

of surveillance and enforcement schemes.

The absence of a test plan from water resource planning

may result in an unreasonable decision, which cannot be



119

implemented in rea	 ife. On the contrary, the presence of a

test plan can help n evaluating the long range consequences of

the technological choices made in the system design.

4.4.7 Problem Definition in Developing Countries

For the application of Wymore's (1974, 1975) system design

methodology just described, the following two conditions are considered

necessary by Duckstein (1975a):

a. Information is available for the determination of such system

characteristics as PI, TOE, a, (3, and y orderings;

b. These characteristics are (time invariant) stable.

As observed by the Secretariate of U.N.E.S.C.A.P. (1974), unfortunately,

inadequate and inappropriate statistical information is still a serious

handicap in most of the developing countries, both for the formulation

of new water development plans and precise measurements of the impacts

of these plans on the socio-economic conditions of these countries.

Another aspect of importance relevant to developing as well as

some developed countries relates to human factors. First, the ordering

may or may not reflect the public needs. As explained by Bokhari (1972,

1975), usually national, regional, and local needs in the developing

countries are defined by local technicians or bureaucrats or foreign

consultants or decision makers, without establishing a dialogue with

the beneficiaries. No matter how objective this identification of

regional needs or choice for a development strategy may be, it seldom

coincides with the understanding and perception of beneficiaries, if

they are not consulted or actively associated with the complete chain
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of events. This is true in the case of developed countries sometimes

when the decisions are taken before even the process of field investi-

gation and planning is started. The training of the River Rhone

(France) despite its large benefits mentioned by Monier (1975) was not

acceptable to the beneficiaries just because the decision to carry out

this work was taken without their consent and active association.

4.4.8 Advantages of Problem Definition

In the assessment of Duckstein (1974), the usual way of at-

tacking the problems of water management is to focus on one type of

ordering only, which is normally the resource ordering (). This is

particularly true in the developing countries. Even this procedure may

work well if an experienced team works on the problem. However, placing

an immediate emphasis on finding the solution of an ill-defined problem

may be a mistake both in monetary and social terms; the construction of

tubewells, without horizontal drains to dispose of saline effluents

from salinity control and reclamation projects and relaxation of water

quality standards in Pakistan as described elsewhere are examples of

such planning mistakes. The solution to such difficulties as well as

many other lies in following the procedure for problem definition

described above. Some of the conceptual, technical, and practical

merits of this procedure are enumerated below.

a.	 It defines the problem carefully and systematically before

attempting to solve it and it possesses a theoretical founda-

tion also.
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b. Systems are ranked separately on their desirable features

(a-ordering) and resource utilization (f3-ordering) instead of

lumping these operations into one step.

c. A test plan establishing acceptance criteria, surveillance

network, and operating procedures is included.

d. A proper completion of the problem definition phase provides

all the elements necessary for the next phase of system designs,

namely definition of goals and criteria, study and comparison

of alternative systems, selection of a particular system,

implementation, testing, and follow-up as dealt with by

deNeufville and Stafford (1971), deNeufville and Marks (1974),

Kazanowski (1968, 1972), Popovich, Duckstein, and Kisiel (1973),

and Duckstein (1975a).

4.5 Evaluation and Decision Making 

Decisions relating to planning and management of water resources

can be made in various frameworks in time and space. Some of these are

mentioned here.

4.5.1 Single and Multiperiod Problems

Most decision making models are inherently for a single period.

According to Buras (1972), the introduction of multiple periods creates

conceptual and computational difficulties which_ may be insurmountable.

One way to deal with the situation lies in performing multiperiod or

multistage optimization, using the dynamic programming approach dis-

cussed by Jamieson (1975), which is an optimum procedure by definition,
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according to Casti and Kalaba (1973). However, the method is seriously

limited in a number of ways as explained by Duckstein (1975b).

4.5.2 Multipurpose Versus Multigoal Problems

There is a clear distinction between purposes and goals of a

program. While purposes of a water resource project can be expressed

in physical or engineering terms, such as irrigation, water supply,

flood control reclamation, navigation, power production, the goals or

objectives include conceptual and physical achievements or targets such

as national economic development, income distribution, self sufficiency,

environmental quality, social welfare, national security, employment

facilities, and personal security, etc. Therefore, a multipurpose

project could either be uniobjective or multiple objective, and could

be a single purpose project like flood protection embankment, which on

completion could serve more than one objective such as safety of

locality, social welfare, and economic efficiency. Apparently it is

much easier to design multipurpose rather than multiobjective water

resource systems with the present level of theoretical as well as

practical knowledge.

4.5.3 Level and Phase of Developments

Levels or sequences in water management are necessitated by the

nature of the problem. For instance, in a river, the first level could

be comprehensive surveys and river training works; second may include

flood plain zoning and insurance, and third may include the construction

of a multipurpose and sometime multiobjective dam, which could generate

power, irrigate dry land, and control floods.
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If instead of constructing one big dam, three small dams are

constructed over a longer period due to paucity of funds or some other

reasons, then construction of each small dam would represent a phase of

development. This situation is more relevant to decision pattern

discernible in developing countries.

4.5.4 Basic Approaches to Evaluation and Decision Making in Water
Management

A range of tools has been proposed in recent years to assist

in the evaluation and management of water resources. Only a few of

these, which are in more common use are mentioned here, and for a

comprehensive description of these as well as other techniques, atten-

tion is drawn to the useful work of MacCrimmon (1973), Cohan (1973),

Duckstein (1974), and Cohan and Marks (1975).

Until recently, the only valid framework for evaluation was

economic efficiency. Therefore, we start with the benefit-cost analysis.

a. Benefit-Cost Analysis. This method has been used in the U.S.A.

since the passage of the Flood Control Act of 1936, to evaluate

the worth of a project by computing and examining the ratio of

monetary benefits derived from the project to the monetary costs

associated with the project. Duckstein uses the term "Benefit-

Risk Analysis" as an exchangeable term to emphasize a comparison

between the actual dollars spent on construction with the

expected dollars, say for risk avoided.

Critics of this technique have raised a number of ques-

tions to challenge its validity as a tool for proper evaluation
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of competing alternative projects in the field of water re-

source management. Prest and Turvey (1965), for instance, have

noted the complete absence of an a priori structure for handling

a given problem in this approach. Sewell, Davis, Scott, and

Ross (1962) consider it a less useful guide for ranking those

alternatives which differ in capital intensity and where pro-

duction, maintenance, and other operating costs are more impor-

tant. As Marshall (1965, p. 294) puts it, "one of the principle

uses of benefit/cost analysis is to clothe politically desirable

projects in the fig leaf of economic respectability." Whatever

its drawbacks, since the second world war, most of the decisions

taken in the developed countries were based on this analysis

and lately this technique has moved into the planning and

decision making processes of most of the developing countries

also. Economic efficiency is still the framework for the evalu-

ation of water resource development plans prepared under the

guidance of the World Bank and other international agencies.

No doubt under the new Principles and Standards for project

planning, equal emphasis has been laid on the second objective,

namely, environmental quality, but standard for quantitative

and qualitative assessment of environmental quality, social well

being and regional development being presently evolved have yet

to prove their validity in real life.

Due to lack of financial resources in many developing

countries, the criteria of cost-effectiveness (engineering

economics) have been used for comparative evaluations of
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different engineering alternatives to achieve a planned objec-

tive or to fulfill a given purpose. Even today a combination of

cost-benefit ratio and cost -effectiveness is the prevalent

criterion for planning and decision making. Other theoretical

approaches, which are gradually moving into the arena of planning

and decision making are scanned below. Incidently, most of

these also operate within the framework of economic analysis,

though they are flexible enough to include non-economic objec-

tives in the analysis also.

b. Collective Utility (Cu). This is a systematic approach to eco-

nomic analysis.	 In the opinion of Lesourne ( 1972), it is mainly

concerned with small changes or marginal transformations with

not too many qualitative factors. The specific purpose of CU

theory is to provide a basis for comparing two alternative uses

of resources as discussed by Duckstein and Dupnick (1971).

C. Bayesian Decision Theory (BDT) . Bostock and Davis (1975) defined

this theory as a method for comparing expected utilities (cost

and/or benefits) of alternative actions, given various possible

states of nature. The method treats uncertainty as the true

state of nature by determining the expected utility of each

action in terms of the probabilities of the variuos possible

states. The decision rule is to choose the action having the

best expected utility. Duckstein ( 19750 is of the view that it

is primarily used to evaluate the worth of additional data/infor-

mation concerning uncertainty in the decision mode. Applications



126

of BDT in ground water hydrology have also been demonstrated

recently.

According to Duckstein (19750, application of BDT in-

volves the following steps:

I. Definition of the decision to be made.

2. List all possible alternatives.

3. Select goals, objectives or utility function.

4. Establish time preference and consider risk aversion ,for

inclusion into the goal function.

5. Make the decision.

-
a. Evaluate present knowledge by calculating the outcome

of various alternatives and the stochastic properties

of these alternatives.

b. Calculate the expected value of the goal function for

each alternative (corresponding to the given estimate).

c. Choose alternatives to minimize (or maximize as required

in other cases) the expected value of goal function to

yield the Bayes risk.

6. Analyze uncertainties in the data, parameters, and models.

a. Compute the expected opportunity loss, XOL (due to

uncer,tainty).

b. Evaluate the information gathering programs.

i. Determine the expected reduction in XOL.

ii. Find full cost of getting more data.
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The value or worth of additional data is defined as the

expected reduction of expected opportunity loss minus the full

cost of obtaining the data including lost benefits. The central

point is that additional data is of real value only if it

changes the decision taken with previously available inadequate

data.

As explained by Davis (1971), the approach has the

following limitations:

1. It evaluates only the information put into it.

2. The worth of additional data is not measured on an absolute

scale and is valued only within the framework of specific

project confronting the decision maker.

3. Bayes' estimation may not be a satisfactory parameter esti-

mation method when the Bayes risk has more than one local

minimum owing to problems of continuity and uniqueness.

(These problems can be circumvented by deciding among

alternatives.)

According to Duckstein (1975b), BDT has only been developed for

a single objective or loss function. Therefore, to deal with

complex real life problems involving more than one objective,

it may be imperative to use some other tool for decision making.

d. Multiobjective or Multicriteria Models. The work of Roy (1970,

1973), MacCrimmon (1973), Haimes and Hall	 (1974), Cohan (1973),

Monarch] et al. (1973), Cohan and Marks (1975), put together

covers almost the complete range of such models. A condensed
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overview of all these studies has been recently presented by

Duckstein (1975a) also.

e. Cost-Effectiveness Approach (CE) . As pointed out by Duckstein

and Kisiel (1972), CE has had limited application in planning

water or other natural resource management, compared with

benefit-cost analysis. However, its central presence as a

methodology is strongly felt even in the Principles and Stan-

dards for Planning Water and Related Land Resources in the U.S.A.

Having examined the problem definition phase of water management

proposed by Wymore (1975), the significance of various steps

involved in CE can be clearly understood and appreciated as a

useful tool of system analysis.

In the assessment of English (1968), CE seeks to find

significant difference in the cost or resources requirements

among the evaluated alternatives for achieving the planned

objectives, simultaneously recording their additional benefits

if any. The most crucial step in this approach is that alter-

natives have to be sought and compared on the basis of several

criteria.	 It is also necessary to define the goal or objective

in clear terms, in contrast to conventional economic efficiency

analysis, where it is generally accepted that the exceedance

of benefits over costs is a measure of national income objec-

tives. CE analysis is carried out systematically in the fol-

lowing ten steps proposed by Kazanowski (1968). According to
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Popovich et al. (1973), the relative order of these steps is,

however, not rigid and different researchers have modified the

same to suit their specific requirements.

Step I. Define the desired goals, objectives, missions, or

purposes that the systems are to meet or fulfill.

Step 2.	 Identify the mission requirements essential for the

attainment of the desired goal. (Identification of

System Specifications)

Step 3. Develop alternative system concepts for accomplishing

the missions.

Step 4. Establish system evaluation criteria (measures) that

relate system capabilities to the mission requirements.

Step 5. Select fixed-cost or fixed-effectiveness approach.

Step 6. Determine capabilities of the alternative systems in

terms of evaluation criteria.

Step 7. Generate system versus criteria array.

Step 8. Analyze merits of alternative systems.

Step 9. Perform sensitivity analysis.

Step 10. Document the rationale, assumption, and analysis

underlying the previous nine steps.

Since its first appearance during the 1960's, this approach has

been reflined and applied to a range of water management problems. The

work done by Kazanowski (1968, 1972), Dronby, Quasim, and Valentine

(1971), Ko and Duckstein (1972), Duckstein and Kisiel (1972), Popovich

et al. (1973), Chaemsaithong (1973), Chaemsaithong, Duckstein, and
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Kisiel (1974), deNeufville and Marks (1974), Duckstein (1975b), bears

testimony to this.

Due to its specific characteristics and capability to handle

multiobjective/multipurpose evaluation of a number of alternatives, by

applying multiple criteria, this approach is considered appropriate

both for ex-ante and ex-post evaluations. Where as its applicability

to ex-ante evaluation has been more than established by the above

mentioned numerous studies, so far it has not been applied to the

deliberately neglected field of ex-post evaluation of operating projects.

This has been tested in the following chapter by carrying out ex-post

evaluation of projects implemented already under different socio-

economic conditions.

4.6 Summary 

State of art concerning methodologies for water management, as

surveyed above is recapitulated here under very briefly:

a. Management objectives for water resource development vary both

in space and time depending upon physical needs, socio-economic

conditions, cultural heritage, level of education and technol-

ogy, political priorities and exigencies, international trade

and balance of payments, etc.

b. Irrespective of national goals or objectives, optimum management

has 5 distinct phases all of which are very important and must

be given due considerations. These are:

i. Problem identification;

ii. Formulation of alternative solutions;
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iii. Ex-ante evaluation and decision making;

iv. Implementation of the decision;

v. Ex-post evaluation of completed project, program, or

policy to serve as feedback.

c. The process of decision making is made difficult by natural and

man-made uncertainties; multiobjectivity of water resource

management, and physical, fiscal, administrative, legal, polit-

ical, and perception constraints. Theoretically speaking,

methodologies are available now to tackle most of these problems

in some ways and extensive research is underway to sophisticate

and simplify these methodologies for their general application

to the real life situations. However, perception of alternative

uses in water resource management is still imperfectly under-

stood, although its significance to the process of resource

allocation is recognized and also the gap between the level of

scientific and technological knowledge and its sensitive appli-

cation in daily practice is widening day by day even in the

developed countries, let alone developing countries where the

conditions are much worse.

d. It is generally agreed that water resource planning should be

objective oriented rather than resource or technology oriented,

should be flexible to respond to changes in conditions, objec-

tives, and values, and should be a continuous process rather

than culminating in a single final plan. However, the present

stage can at best be defined as a transition between the
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traditional approach for planning and an appropriate approach.

Still there is lot of resistence on the part of established

agencies to change so that innovations meet with inertia of

existing agency doctrines, law, and political systems.

e. Application of even the most sophisticated planning technique

does not automatically guarantee the achievement of planned

objectives in all situations. Even with the best possible

predictions which can be made of large water projects' impacts

on the economy and society, there remains sufficient uncer-

tainty about the ensuing events as to warrant provisions for an

inbuilt mechanism to carry out post-project monitoring and

ex-post evaluation of completed projects on a continuing basis.

At the present level of technology the "cost-effectiveness

approach" has been selected as the most appropriate methodology

both for ex-ante and ex-post evaluation of water managements.

It has the ability to handle multiobjective/multipurpose

planning as well as evaluation by applying multiple criteria

approach.



CHAPTER 5

HINDSIGHT (EX-POST) EVALUATION OF WATER MANAGEMENTS
UNDER DIFFERENT SOCIO-ECONOMIC CONDITIONS

5.1 A Case for Evaluation 

White (1969, p. 1 )-i ) stated, " ... the analytical methods to deter-

mine effects, as in the case of income redistribution from building an

irrigation scheme or impacts upon ecosystems from a new reservoir, are

still imperfect. It is partly because few attempts have been made to

apply what methods are available to the appraisal of completed works.

The shelves are bursting with plans and with normative studies of

optimal solutions. A few inches will suffice to record what is known,

in fact to have happened." Haveman (1972) discovered a serious bias

incorporated into agency ex-ante evaluation procedures resulting in

persistent overstatement of expected benefits. Likewise he found

enormous variance between the estimated and actual cost on completion

of many projects. Naturally these discrepencies do little to instill

confidence in current ex-ante-analysis carried out by different water

resource planning agencies.	 Inefficient and inequitable public pro-

grams, apparently immune to evaluation or criticism, have continued to

thrive.

While major progress has been made in applying efficiency and

equity analysis to proposed public investment decisions, little has

been done to evaluate the results of past policy decisions. One could

133
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not agree more with Howe (1974) that even with best prediction which

can be made, on the basis of ex-ante evaluation of large water project's

impacts on the economy and society, there remains sufficient uncertainty

about the ensuing events as to warrant provision of resources for con-

tinued monitoring and ex-post assessment of such projects, so that

useful lessons may be learned from the experience gained on them and

adverse developments if any corrected by taking timely actions.

Schultze (1968) was right to say that in many cases our prior

knowledge of "Production Function" is quite limited. Uncertainty of

this type puts a great premium on careful post-program evaluation.

Feedback of operating results to program planning is essential. Howe

(1971) felt that uneconomic overdesign of water projects is less likely

to come to public attention and it may be labelled as foresight by the

planners themselves, because an incredible feature of public water

resources investment is that few investigations have been carried out

after-the-fact to determine the extent to which expectations were borne

out by experience. Therefore, to safeguard the taxpayer's dollar, to

establish clear-cut public accountability and to ensure continued

improvement of planning process, regular ex-post evaluation not only

of technical performance, but of the actual benefits (both tangible and

intangible) must be made an integral part of a national planning infra-

structure.

5.2 Framework for Evaluation 

There is no dearth of ex-ante evaluation techniques to assist

the planners and decision makers to reach an alternative system design,



135

best suited to a real life situation. A number of such techniques have

been explained by many researchers, including Duckstein (1975b). But

when, after its implementation, it is required to know how this system

has actually functioned to meet the planned objective, the existing

literature has nothing much to offer, excepting the review and ex-post

evaluations based on economic or economic and engineering/technical

efficacies. These evaluations are normally done by international loan

giving agencies to make sure that projects financed by them are gener-

ating funds to service their loans with interest. A similar attempt has

been made by Haveman (1972) to develop the techniques of ex-post evalu-

ation of water resource development activities, but here again the

analytical framework is provided by the economic efficiency objective.

The point of departure in the present study is a search for much

broader framework for evaluation. Accordingly, the cost-effectiveness

. approach, described previously has been applied to evaluate two projects,

one in Pakistan and one in the U.S.A. for the following reasons:

1. It provides a much broader framework than conventional input-

output analysis. Both economic and non-economic benefits,

both tangible and intangible achievements can be assessed.

2. It can help in simultaneous evaluation (on a comparative scale)

of more than just one project. This was highly important for

evaluation of SCARPS, because it is believed by a large number

of local as well as foreign experts that most of the economic

development objectives of the reclamation program executed by

Pakistan could perhaps' be achieved more efficiently and cheaply
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by encouraging the farmers to install their own tubewells in

sweet water zones, and public tubewells and drains in the saline

zones. A comparative evaluation of public tubewells in SCARP-1

and private tubewells within and on the periphery of SCARP-1,

has been done to verify this hypothesis.

To test the applicability of this systematic framework to the

post-project monitoring and evaluation of multiple purpose and

multiobjective water resource programs and projects.

5.3 Physical Features of SCARP-1 

The very first project executed under the reclamation program

in Pakistan, namely SCARP-1 discussed already in Chapter 3, has been

evaluated, as it has remained under operation for over 10 years and

data on its operating characteristics and achievements are available.

Its salient features are given below:

a. Location (Figure 5.1) 	  Central Rechna Doab

b. Project area:	 i) Gross	 1  2 million acre

ii) C.C.A. 1  14 million acre

c. Project facilities (tubewells) 	  2068 No.

d. Construction period:	 i) For 1796
tubewells . . . .	 1959-63

ii) For 248 tubewells
(transferred to
this project) . . 1954-60

iii) For 24 tubewells	 1966-73

e. Designed capacity of all project tubewells 4.00 M.A.F.

f. Average annual operation time of project
tubewells 	  505
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Figure 5.1. SCARPS in Operation -- Location Map
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g. Canal water deliveries in the project area. . 1.10 M.A.F.

h. Average depth to water table:

0 Pre-project . . . . 0-8 ft.

	ii) Present 	  8-18 ft.

i. Saline/alkaline area requiring reclamation. 	  0.425 million acre

j. Cropping intensity:

i) Pre-project . . . . 78%

ii) Max. Post project

	

(so far) 	  109%

iii) Planned targets . 	  150%

k. Annual average rainfall 	  10-15 in.

5.4 Project Assumptions and Design Criteria 

Basic concepts and design criteria followed by M/S T & K (1967)

in planning these projects and assumptions made about the uncertainties

in the geohydrological data are briefly discussed below.

a. Quantity of Ground Water. M/S T & K (1967) assumed a specific

yield of the alluvial aquifer of 0.25, to project that the

volume of useful water in ground water storage to a depth of

500 ft. beneath the canal command and contiguous riverine areas

of the Northern Indus Plains is about 2,000 M.A.F. This meant

that for a drop of one foot in the ground water level, the

aquifer would yield about 4 M.A.F.

b. Quality of Ground Water. Considering the chemical character of

the ground water of the region and the contemplacted future

water development practices and conditions of use, M/S T & K
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(1967) advised that restriction on the development and use of

ground water for irrigation can be defined by a single parameter

-- the mineral concentration or salinity of water expressed in

parts per million (ppm) of total dissolved salts. According to

the standards, which have been adopted, ground water is classi-

fied in Table 5.1.

Table 5.1. Standards for Ground Water Quality

Salinity (ppm)
	

Classification	 Restriction on Use

a. Less than 1500	 Non-saline
	

Nil

b. 1500 to 4000	 Intermediate	 May be used in conjunction
with canal supplies under
prescribed management
practices which ensure
supplemental leaching com-
mensurate with the sali-

nity of applied water.

c. 4000 or higher	 Saline Unsuitable for development

as an economic supply
under present conditions

of water management and
use.

c. Life of Tubewells. The tubewells, plants, and their corrollary

works were assumed to have a useful life of at least 40 years

and their electrical and mechanical equipment at least 20 years,

on the basis of a written statement filed by the Contractors of

SCARP-I, M/S H.T. Smith & Co.
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d. Cropping Intensity. 	It was assumed that all the saline lands

(0.425 million acres) will be reclaimed and cropping intensity

of the project area will increase to 150% of the C.C.A. Later

on the World Bank consultants also endorsed this expectation on

the basis of the trends for reclamation and area development.

e. Mining of Ground Water. It was recommended that within the 40

year life span of the project tubewells, the water table in the

sweet water zone should be lowered to pre-irrigation levels at

75 to 100 ft. below the ground surface. The feasibility of

deep, big capacity tubewells was thus a byproduct of water

requirements to sustain 150% cropping intensity, reclamation of

0.425 million acres of land, a huge ground water reservoir,

0.25 storage capacity of the Indus Basin, useability of ground

water up to 4000 ppm salinity and no apprehension of lateral

salt movement, even if only sweet water zones were tapped during

the first phase.

f. Linkwater Courses. Farmers of the project area were expected

to construct and maintain at their own cost, two to four long

link canals connecting their ditches (water courses) to the

water tank of the project tubewells. They were also required

concurrently to rehabilitate their own water courses and main-

tain their carrying capacity at 3 to 4 times their existing

capacity. Each tubewell had to serve a large number of small

farmers.
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5.5 Management of Completed Reclamation Projects 

A separate organization called the Land and Water Development

Board was created in 1964 for the coordination of interagency activities,

policy implementation, operation and management of these projects on

the pattern of "coordinated area development" recommended by (U.S.W.H.S.

P.W.S. (1964). This was a new approach for Pakistan. Each project was

proposed to be placed under a separate project director having autono-

mous control over engineering, agriculture, cooperative marketing,

revenue and budget for the project area. The salient features of this

approach followed in SCARP-I for seven years from 1964 to 1970 are

discussed below:

a. Project director had the power and option to select experts in

various disciplines from different public and private agencies

to work in his team.

b. Extensive in-service training was imparted to administrative,

engineering, and other staff of the project, both within the

country and in the U.S.A.

c. Foreign experts' advice, both in technical and managerial

aspects, was lavishly available. Technical assistance, research

facilities and advice were also available from local institu-

tions such as the Directorate of Land Reclamation, Irrigation

Research Institute, Engineering and Agriculture Universities,

etc.

d. Flow of annual funds required for the operation and management

of the project was almost unrestricted.
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e. A number of farm inputs, such as improved varieties of seed,

fertilizer, pest and disease control operations, agriculture

education, extension and advisory services, cooperative and

marketing facilities was made available under a Campaign for

Self-Sufficiency in Food.

f. A number of pilot projects were set up to demonstrate the

benefits of land levelling„improvement of on-farm irrigation

practices, rehabilitation of water courses and construction of

lined link water courses to connect public tubewells to farmers'

ditches (water course).

Thus, unlimited efforts were put in by all concerned to make

this foreign aided international project a real success. 
Also the

weather cycle and canal supplies were generally favorable, 
except for a

year or two, when river flows were lower. Agriculture 
being the main-

stay of Pakistan's economy, any mechanism to boost agricultural produc-

tion was most welcome. However, post project 
monitoring data for a

number of consecutive years during the operation period 
and its evalu-

ation by a number of individual experts and 
committees have attracted

critical appraisal of the basic philosophy of the 
whole reclamation

program, as in actual practice most of the 
assumptions regarding tech-

nical, social, economic, and 
institutional constraints were found to be

highly unrealistic.

5.6 Ex-Post Evaluation of SCARP-1 

Cost-effectiveness technique, as 
discussed earlier, is now

applied step by step to evaluate SCARP-l.



5.6.1 Goals and Objectives

The project was designed to achieve the following measures of

effectiveness:

a. To lower the water table so as to eliminate waterlogging and

improve soil drainability;

b. To increase delta of crop (depth of water applied to a crop

from pre-sowing land preparation up to its maturity) suffi-

ciently to take care of leaching requirements in addition to

consumptive uses;

c. To reclaim 0.425 million acres of salinized soil and restore

them to full agricultural productivity;

d. To increase the annual cropping intensity to 150% of the

culturable area. (On full development agricultural production

was expected to increase by 100% in the project area.)

The implied goals and objectives of such programs in a devel-

oping country may include: self-sufficiency in food, more equitable

distribution of income, social amenities and job opportunities, uplift

of backward regions to reduce regional disparities, and faster growth

of the G.N.P.

5.6.2 System Specifications or Requirements and Means to Meet These

Requirements

a. Drainage. Tubewells, surface and sub-surface (tile) drains can

be employed to lower the water table effectively, to eliminate

waterlogging and improve soil drainability.
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b.	 Increase in crop delta. Existing shortage of irrigation

supplies can be made good by any of the following alternative

means:

I. Water conservation techniques such as lining of canals

and water courses;

2. Scientific farm management to improve efficiency of irri-

gation application by minimizing losses on the farm;

3. Remodelling of existing canal system to transfer sufficient

quantities of water from outside the system;

4. Public tubewells as already installed in SCARP-I;

5. Private tubewells as already installed by farmers within

SCARP-I and outside.

c. Reclamation of 0.425 million acres of saline land. This can

be done by the application of reclamation techniques, which

include:

1. Flushing of soluble salts from the root zone, by applying

irrigation water in excess of consumptive uses. Leaching

requirements can be worked out from the salinity of water

applied, salinity of soil, degree of reclamation required

and salinity of return flow. Arrangement for the removal

of saline percolate must be provided by effective drainage

measures. (These measures are included in (a) and (b)

above.)
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2. For sodium soils, reclamation techniques include applica-

tion of chemical amendment such as gypsum, etc., to the

soil in addition to heavy doses of Water for leaching;

3. Precise land levelling, application of fertilizer to reple-

nish soil nutrient and suitable cropping patterns.

d. Annual cropping intensity.	 System requirements to raise the

cropping intensity from 78% (pre-project intensity) to 1502

include additional water and farm labor. Excluding the labor

inputs, which can be arranged by the farmers themselves, the

additional water supplies can come from one of the sources

listed under (h) above.

All system specifications are essentially constraints that must

be met by any project design alternative to reach the desired goals.

Even if the irrigation and drainage constraints are removed, the 
agri-

cultural production will not increase by 100% as anticipated by the

planners of SCARP-I unless the following additional system specifica-

tions are also met.

1. Rationalization of public laws concerning land and 
water re-

sources and farmer's education.

2. Incentive to adopt cooperative farming to consolidate small

packets of land into bigger blocks 
(economic units).

3. Scientific farm management.

4. Rationalization of fiscal and 
monetary policies including credit
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facilities, subsidies and pricing structure for agricultural

raw products and processes goods.

5. Adequate marketing facilities.

5.6.3 Measures of Effectiveness or Evaluation Criteria that Relate
System Capabilities to Specifications

Measures to evaluate the extent to which different alternatives

meet the desired goals can be based on tangible and/or intangible terms.

In our case, measures of effectiveness include:

1. Tangible. Those project effects which can be measured in

standard physical units including:

a. Capital and recurring cost of additional water supplies

generated by SCARP-I;

b. Annual financial return as a percentage of capital outlay;

c. Area reclaimed over a given time of project operation in

terms of percentage of total reclamable area;

d. Increase in cropping intensity over pre-project datum;

e. Annual rate of decline in water table before a steady state

condition is reached between 10-15 feet from the sdrface;

f. Increase in crop yield contributed by the project (addi-

tional water for irrigation and leaching, and efficient

drainage).

2. Intangible. These measures can be rated on a comparative scale,

such as good, better, best, excellent, efficient, inefficient,

poor, fair, reliable, unreliable, less reliable. Some of the

important intangibles, which cannot be measured in the conven-

tional sense are:
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a. Environmental quality hazards associated with use of poor

quality ground water pumped by tubewells for irrigation

rather than its export from the project area;

b. Operational and managerial problems including attitude of

operator;

c. Reliability or dependability of the system;

d. Local participation and political acceptance.

5.6.4 Develop the System Alternatives

Theoretically speaking, there are four alternatives which can

be considered for achieving the purposes (objectives) set out in the

Reclamation Program. These are:

Alternative I. Deep public tubewells installed at the rate of

one tubewell per square mile to meet both irrigation and

drainage needs. This alternative has been adopted in SCARP-I.

Alternative II. Shallow, small capacity, locally manufactured

private tubewells installed by the farmers themselves with their

own or borrowed funds and operated and managed by themselves.

As previously discussed, over 90,000 of these were in operation

by 1970, and their present number is over 120,000. Against this,

hardly 9000 public wells could be installed during the last 15

years by the government agencies throughout the country.

Alternative III. Remodelling of existing canal system and

transfer of sufficient water from outside the system to meet

full requirements set out under system's specifications and

effectiveness criteria. In view of the prior commitment of the
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entire regulated flow of the Indus and its tributaries, there

are no surpluses for interbasin transfers at the moment. How-

ever, in the future when more dams are constructed and more

interbasin transfer are possible, this alternative could be

evaluated with others. For the present analysis, however, this

alternative cannot be considered too seriously.'

Alternative IV. Conservation techniques coupled with improved

methods of irrigation application and scientific farm manage-

ment. This alternative, in fact, suggests a trade off between

generation of additional water supplies and increased efficiency

of existing resources through improved management and conserva-

tion methods. However, it involves numerous technical, struc-

tural, social, cultural, administrative, and managerial adapta-

tions, some of which are currently under investigation at Mona

Experimental Reclamation Station in SCARP-II under a U.S. Aid

Program, which has the technical support of a consortium of 12

American universities. Proper evaluation of this package deal

will be possible after the results of these experimental studies

have become available. The results of the present study may

also stimulate some of the experimental results. In any case,

it is too early to include this option in the present study.

Summarizing the above analysis only two alternatives, namely

Alternative I and II are left in the field for their comparative evalu-

ation, with the help of the cost-effectiveness approach. This will

adequately fulfill the objectives of this study.
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5.6.5 Determination of Capabilities of Alternative Systems and to
Generate System Versus Criteria Array

Capabilities of the two systems have been highlighted in the

following assessment which has been done on the basis of evaluation

criteria or measures of effectiveness discussed earlier. In this step,

steps IV and VI have been combined to show the performance indices of

the two alternatives via an array of systems versus criteria. The

evaluation contained in Table 5.2 is based on the findings of the

Special Committee on the Working of SCARPS (1974).

5.6.6 Select Fixed Cost or Fixed Effectiveness Approach

According to the standard fixed cost-effectiveness approach

presented by a number of researchers, including Kazanowski (1968), a

selection must be made between fixed cost or fixed effectiveness in the

final process of making a choice for the most appropriate system design.

In water resource development, however, it is very difficult to suggest

that a fixed-cost or fixed-effectiveness approach be adopted. This is

so because in many developing countries, including Pakistan, often the

biggest constraint is lack of adequate funds so that a fixed cost

approach may have to be followed in most cases, yet for a reclamation

program like the one under review, a minimum level of effectiveness

must be achieved even if it means seeking foreign loans. Therefore, in

the following ranking of the SCARP-I, in comparison with private tube-

wells development, both of these criteria have been kept side by side.
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5.6.7 Analyze Merits of Alternatives

The comparative evaluation of the two alternatives done in the

preceding steps is summarized and a ranking of effectiveness criteria

is presented here in the order of their importance judged by the author.

Rank 1-- Effective Control over Water Table and Land 

Reclamation. Agriculture being the backbone of Pakistan's economy,

effective control over waterlogging and spread of salinity and recla-

mation of lands already affected ranks highest in our priorities.

Within the short run both alternatives seem to be equally effective,

but in the long run Alternative II is likely to become more efficient,

for the following reasons:

a. Private tubewells are cheaper to construct, operate, and to

replace when damaged.

b. These tubewells have an annual return of 60 to 100% to the

owner, so that after 8 to 10 years, owners have adequate

finances to replace the well. But the public sector tubewells

need huge financial allocation for their prompt replacement

which cannot be generated by these wells, and can be arranged

only be squeezing provisions for other sectors or provisions

for development of new water resources.

c. Excessive salinity is not concentrated in soil and water 
in

case of private wells. In SCARP-I, already some areas 
have been

spoiled by recirculation of poor quality tubewell water. There-

fore, with passage of time when more and more public 
wells go

out of commission, their effectiveness will go on 
reducing.
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Rank 2 -- Project Benefits. Comparing the capabilities of the

two alternatives discussed previously, it can be clearly seen that

Alternative It is more efficient in this ranking also.

Rank 3-- Project Costs and Source of Funds. Alternative II is

decidedly cheaper and less burdensome to the nation	 Moreover, private

investments were to remain locked in unproductive activities if not

employed.

Rank 4-- Environmental Quality. In its present form, Alterna-

tive I is inefficient compared to Alternative II, as salt intrusion is

taking place both in vertical and horizontal direction from poor to

marginal and marginal to good quality soils and water zones.

5.6.8 international Experience

To reach an unbiased conclusion from the above analysis, inter-

national experience on the use of tubewells for irrigation and/or

drainage purposes has also been included here.

5.6.8.1 India.	 Comparative evaluation of public and private

tubewells in India has yielded almost identical results. This can be

seen from the following two case studies.

a. Mellor and Moorti (1971) compared public tubewells with

private tubewells in India. According to their analysis

the cost of state tubewells is 7 1/2 times that of private

tubewells. Although the state tubewells operate much closer

to engineering capacity than do the private tubewells, 
the

higher utilization rates of public wells usually result 
in



increased breakdowns and consequent unreliability of water

supplies as compared to private wells.

b. Given the importance of tubewells in India's program of irri-

gation expansion, the ways in which tubewells are provided and

managed are critical factors. Great differences are observed

between private and state tubewells. Moorti (1971) i s of

the views that farms irrigated with private tubewells are

operated in a more profitable manner than those with State

tubewells. Farms with private tubewells have more intensive

cropping patterns, grow greater proportions of high yielding

varieties and operate at much higher levels of input

use.

5.6.8.2 Views of Foreign Experts on Contribution of Private 

Tubewells in Pakistan.

a. In the judgment of Carruthers (1968), an annual rate of return

up to 100% has been realized by the farmers in Pakistan, on

their investments in private tubewells.

b. MIS T & K reported in the feasibility report on SCARP-IV, that

in the left out area of this project, where private tubewells

concentration was high, farmers have achieved cropping inten-

sities higher than 150 0/ and the capital investment on their

tubewells was recovered by the owners in one to two years' time.

157
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c. The Indus Basin Review Mission (1970, p. 2) analyzed the

situation and reported:

The private tubewell owners have at the same time made a major
contribution to agricultural production and it is expected that

growth of private tubewells will continue at a rate not much
smaller than in the recent past provided that rural electrifi-

cation is not unduly slowed down. These wells are effective

in controlling the movement of water table also in the areas

of their concentration.

d. Explaining the World Bank experience in water resource devel-

opments, Kirpich (1972, p. 15) stated:

In Punjab the "green revolution" in a way perplexed the planners

because almost spontaneously tens of thousands of shallow wells

were installed by private farmers in the space of a few years.

Mostly electric driven low-capacity centrifugal pumps are used

which in physical terms are far less efficient than large

capacity turbine pumps; yet the former are clearly superior in

economic and human terms as events have proved.

After signifying the impact of sensitivity analysis on the

process of decision making, final conclusions can be drawn on the basis

of foregone analysis.

5.6.9 Sensitivity Analysis and Documentation of Rationale, Assumptions,

and Analysis Followed in the Earlier Steps

Sensitivity analysis is a highly important step in the ex-ante

evaluation of a number of hypothetical alternatives competing in the

selection for the most appropriate system design. Through feedback,

decision makers can retrace their steps. This is particularly critical

in the developing countries as there are uncertainties about the 
cost

estimates and other input data, which affect the output of an 
opera-

tional model employed by the designer to anticipate performance indices

of various alternatives.
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The present case being an ex-post evaluation of an operating

system there are not many uncertainties. The input and output data of

the project has been obtained from authenticated public documents. The

performance indices of private tubewells (Alternative II) have also been

cross verified by actual field observations taken by a number of govern-

ment agencies as well as foreign consultants. However, there are some

controversies and organizational biases which have been discussed in

the report of the Special Committee on the Working of SCARPS (1974).

No assumptions have been made in the analysis and rationale of

each step of the analysis is explicitly discussed in the text at

appropriate places.

5.7 Conclusions 

1. Present project design of SCARP-I has only partially succeeded

in achieving the planned targets of area development. The pro-

ject benefits were scaled down due to shorter life of tubewells,

variability of ground water quality, poor land and water manage-

ment problems, and passive participation of the farming

community.

2. Major purposes of this program to supplement irrigation supplies

and provide drainage relief could be achieved more cheaply and

equally effective by encouraging private farmers to install

their own tubewells.

3. A number of assumptions made by the planners were not close to

the real life situation. 	 Planning and designing criteria also
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did not match the local conditions. Consequently, implicit

expectations about changes in public laws and policies regu-

lating the management of land and water resources, changes in

the organizational and instttutional structure and changes in

the socio-economic fabric of society did not come about at the

desired pace.

4. The methodology of cost-effectiveness provides a useful frame-

work for ex-post evaluation of operating water systems, parti-

cularly when this evaluation involves more than one alternative

and its scope covers tangible as well as intangible measures

of effectiveness.

5.8 Evaluation of Wellton-Mohawk 
Irrigation and Drainage Project 

In this project the management of land and water resources for

salinity control is of prime importance. Before the evaluation of

various measures being conceived in this connection, it seems imperative

to review the salinity problem in its historical perspective.

5.8.1 The Salinity Problem

The Wellton Mohawk division of the Gila Project consist of

approximately 75,000 acres of irrigable land located along the Gila

River, beginning about 12 miles east of Yuma, Arizona and extending

about 45 miles easterly through the Dome, Wellton, Roll, and Texas Hill

area. The history of Irrigated agriculture in this area dates back to

the days of Pima Indians in 1538, when some of the bottom lands adjacent
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to the Gila River used to be irrigated by inundation canals. Settlement

of white men in this area took place around 1857, with the establishment

of Butterfield Stage Line.

The Gila River's flows were most unpredictable. Flash floods

washing out crops and diversion networks alternated with long periods

of catastrophic droughts. In the 1800's, the Mohawk and Antelop inun-

dation canals were commissioned by constructing temporary diversions

across the Gila River. Before any sizeable irrigation could be

developed disastrous floods of 1891 in the Gila River swept away the

entire irrigation layout, only to leave remnants of these canals.

Subsequent attempts in this direction also met with similar end.

As time passed, more and more water uses were developed upstream

so that the annual floods in the Gila River diminished. Major set backs

came from the drought of 1897-99, followed by the completion of Roose-

velt Dam on the Salt River tributary of the Gila in 1911.

By about 1915, more enterprising farmers had resorted to uti-

lizing ground water pumped through their tubewells to make up for the

uncertain river supplies.	 In the short run, tubewell irrigation

brought instantaneous prosperity to the area and within 10 to 15 years

the area irrigated rose to 11,000 acres. This development, however,

peaked off in 1931, which coincided with total reduction of surface flow

in the Gila River due to the construction of a series of dams in the

upstream reaches of this river.

The results of this haphazard private tubewell development were

extremely harmful in the long run. Primarily due to recirculation of
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poor quality ground water without any arrangement for export of saline

pumpage from the project area, salt concentration of the ground water

rose to over 6000 ppm for many tubewells. Reduction of recharge seepage

from the Gila River also upset the hydrodynamic system due to outflow

being in excess of inflow. Consequently, the water table started

declining rapidly. The use and reuse of poor quality ground water

without proper leaching of salts resulted in heavy salt build up in the

root zone which rendered farming an uneconomic venture. Farmers were

thus forced to abandon their lands.

To correct this situation, the Bureau of Reclamation addressed

itself to the identification and rectification of the problem of soil

and water salinity. As a result of feasibility studies conducted by

them, the federal government reauthorized the Gila Project on July 30,

1947, to divert Colorado River water for the ultimate development of

75,000 acres of land in the Wellton-Mohawk area. Out of this total

area, 60,000 acres were in the valley and the remaining 15,000 acres

on the mesa. According to Gordon (1970), this system was commissioned

on April 21, 1952.	 It brought a surge of high hopes and promises for

a permanent agricultural economy for the district.

Due to extremely cheap water being available in almost unlimited

quantities, the tendencies were to apply water far in excess of actual

crop needs and leaching requirement. Consequently, the water table rose

very rapidly, much more quickly than anticipated by the Bureau of

Reclamation, so that by 1958 the drainage and salinity problems became

very serious. Various means of alleviating the situation were studied
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and it was ultimately decided to lower the water table by pumping the

water from a grid of drainage tubewells and put it into a concrete

lined conveyance channel, for its final disposal into the Colorado

River channel. Accordingly, a 73-mile concrete lined main drain was

constructed and 67 drainage tubewells were drilled in the areas of high

water table. Most of these tubewells produced highly saline water,

ranging from 2,000 to 18,000 ppm. By 1961, these wells were discharging

to the full capacity of the lowest reach of the main drain, which was

300 cfs, with a composite salinity of 6,500 ppm.

The immediate result of operating the drainage facilities

appeared in the form of increased salinity of Colorado River water and

consequently of the water delivered to Mexico. There was a spontaneous

international unrest and the ensuing dispute was discussed by the Presi-

dents of the U.S.A. and Mexico. The joint communique issued on June 30,

1962, as reported by DeCook (1974), called for a "permanent and effec-

tive solution" of the problem. The follow up action included establish-

ment of a committee in the United States to find ways and means for

alleviating the problem.

To lower the aggregate salinity of drainable surplus, 26 new

tubewells were drilled in the area with lower water salinity. In this

way, the salinity index came down from 6,500 to 5,800 ppm by November

1963, when 93 drainage wells were in operation to pump out 300 cfs of

drainage effluent. Another 14 tubewells were installed later for the

same purpose, so that by 1973, a total of 107 drainage wells were in

operation and the composite salinity of the return flow had come down
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to 3,653 ppm. A revised plan included controlled operation of tubewells

pumping highly saline water. Tile drains were also provided for 8,000

acres of land overlying brackish ground water to keep down the quanti-

ties of highly saline effluent. One of the important operating crite-

rion developed during these years pertained to selective pumping. Tube-

wells pumping out highly saline water were operated during periods of

high flows in the Colorado so that the resulting salinity of the

Colorado River waters could remain low. During low flow periods which

coincided with high water demands in Mexico, tubewells pumping out water

of comparatively lower salt concentration were operated for longer hours.

These remedial measures were considered inadequate by Mexico,

as reported by the Bureau of Reclamation (1973b) In a special report,

although the average annual salinity of the water delivered to Mexico

was brought down from 1,500 ppm in 1962 to 1,140 ppm in 1973, by the

• implementation of Minute No. 218 and 241 of the International Boundary

and Water Commission, under which these measures were adopted. Mexico

demanded that pending final solution, the main outlet drain should be

extended by the U.S.A. to point below Morelos Dam and that there should

be a bifurcation so that a part or whole of the return flow from Wellton-

Mohawk could be diverted above Morelos to agricultural uses in Mexico

or below this structure for its direct disposal into the Gulf of Cali-

fornia Sea, when unfit for such uses.

To seek a permanent solution, President Echevveria of Mexico

met President Nixon in 1972. Ultimately, an agreement was signed

between the two governments on August 30, 1973. According to Minute 242
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of the International Boundary and Water Commission, the U.S.A. is

required to adopt measures to assure that not later than July 1, 1974,

approximately 1.36 million acre feet delivered to Mexico upstream of

Morelos Dam have an average annual salinity of no more than 115 + 30

ppm U.S. count and 121 + 30 ppm Mexican count, over the annual average

salinity of Colorado River water upstream of imperial Dam. The waters

that may be delivered to Mexico under the Treaty of 1944 by means of

the All-American Canal shall be considered as having been delivered

upstream of Morelos Dam for the purpose of computing this salinity.

Public Law 93-320. To meet the above requirement, an Act (88

Stat. 266) cited as the "Colorado River Basin Salinity Control Act" was

passed by the U.S. Government on June 24, 1974. The public law 93-320

passed under this Act authorizes construction, operation, and mainte-

nance of certain works in the Colorado River Basin to control the

salinity of water delivered to users in the United States and Mexico.

Title I of the Act pertains to works authorized for construction down-

stream of Imperial Dam to meet the said requirement of Minutes 242 of

the agreement between Mexico and the U.S.A.

Environmental Impact Statement. On June 18, 1975, the Bureau

of Reclamation issued the final Environmental Impact Statement in

support of PL 93-320, which includes a comprehensive description of

planned objectives, major features of the proposed project (both struc-

tural and non-structural), summary of environmental impact, and adverse

effects associated with various alternatives.



166

5.8.2 Application of Cost - Effectiveness Methodology

Cost-effective technique, as discussed earlier, is applied step

by step to choose from the possible alternative systems, a system which

is the most appropriate one for the given situation.

5.8.2.1 Goals and Objectives. The objectives to be achieved

include:

a. To meet the salinity differential agreed to in Point 1 (a) of

rinutes No. 242 of the International Boundary and Water

Commission.

b. To sustain and develop further national/regional economy through

improved land and water management by optimizing agricultural

productivity of irrigated lands in Wellton-Mohawk.

c. Enhancement of environmental quality and beneficial effects

on the social well being of the society.

5.8.2.2 System Specifications.

a. Effective control over quality and quantity of return flow from

Wellton-Mohawk Irrigation and Drainage District reaching the

Colorado River to maintain the salinity of Colorado River water

going into Mexico within the limits specified under Minutes 242

of the agreement between the U.S.A. and Mexico.

b. Improved land and water management to increase agricultural

production from the irrigated areas in Wellton-Mohawk. This

can be made possible by the application of latest technical

innovations.
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c. Improved farm management to increase efficiency of irrigation

application, effective drainage, reduced salinity of the return

flow from the project area, and rationalization of water laws

and water rate structure to maintain and enhance the environ-

mental quality and to have better effects on the social well

being.

5.8.2.3 Measures of Effectiveness or Evaluation Criteria that 

Relates System Capabilities to Specifications. Measures to evaluate

the extent to which different alternatives meet the desired goals can

be based on tangible and or intangible benefits or effects. These can

be:

a. Tangible:

1. Capital and recurring cost of various alternatives for

achieving the desired objective.

2. Changes in the cropped area and gross/net farm product.

b.	 Intangible:

1. Operation and management problems.

2. Reliability or dependability of the system.

3. Local participation.

4. Social and political acceptability.

5:8.2.4 System Alternatives. The goals and objectives set for

this project can be achieved by choosing any one of the following three

alternatives:
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Alternative I. Project already authorized by the federal

government on the recommendations of the Bureau of Reclamation under

Public Law 93-320. This project has the following salient features:

a. A desalination plant having a capacity of 100 million gallons

per day.

b. Extension of the concrete lined by-pass drain from Morelos Dam

to Santa Clara Slough in Mexico.

c. Replacement of an existing metal flume in the Main Outlet Drain

Extension with a concrete siphon.

d. An irrigation efficiency improvement program in the Wellton-

Mohawk division -- a copperative program of Irrigation Manage-

ment Services and federal cost-sharing assistance for on-farm

Irrigation system improvement.

e. An Irrigable acreage reduction program in the Wellton-Mohawk

Division.

f. Acquisition of land, if necessary, in Painted Rock Reservoir for

better regulation of the Gila River.

g. Construction of •a concrete lined replacement canal for the

first 49 miles of unlined Coachella Canal.

h. Protective and regulatory ground water pumping plan which

includes two well fields within 5 miles of Arizona Sonora

Boundary with a designed capacity to pump 160,000 acre ft. per

year.

i. By-pass drain.
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The above features of the approved alternative form a part of

a special report on the Colorado River International Salinity Control

Project issued by the Bureau of Reclamation (1 973b), Office of Saline

Water, Department of the Interior. The capital cost of this project on

the basis of April, 1973 (tentative estimates) is U.S. $155.5 million

and according to the construction schedule included in the final Environ-

mental Impact Statement, it would be completed by the end of 1981, if

the construction begins according to schedule in 1975.

Alternative II. Total shut down of the Wellton-Mohawk Irriga-

tion District.

Alternative Ill (a).

a. Keep the existing project area of 75,000 acres under irrigation

intact and improve land and water management to cut down both

the inflow to and outflow from the project area.

b. Replacement of highly saline wells by shallow small capacity

skimming wells located in aquifers of comparatively better

quality.

c. Reuse of ground water in conjunction with surface water up to

a point where the composite salinity is not beyond 1500 ppm.

This will further cut down both the inflow and outflow of water

and consequently the incremental salinity imparted by the

return flow from Wellton-Mohawk.
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Alternative 111 (b).

a. To take out the whole of the mesa area from irrigation and in-

crease irrigated area in the valley so that total irrigated

areas still remain 75,000 acres.

b. Improvement of land and water management in the light of latest

technological innovations, particularly those recommended by

Schilfgaarde et al. (1974).

c. Replacement of highly saline wells by those located in good

quality aquifer and reuse of ground water up to a composite

salinity of 1500 ppm as included in Alternative (111a) above.

Alternative Ill (c).

a. To take out the whole of the mesa area from irrigation and in-

crease irrigated area in the valley so that total irrigated

area still remain 75,000 acres.

b. Replace the drainage tubewells by tile drains in the highly

saline area and operate the tubewells in the remaining area, to

maintain the water table between 6 to 10 ft., so that the root

zone is clear of waterlogging. Also, upward movement of water

table should be kept under vigilant control.

c. Reuse the saline water up to the limits considered safe by the

U.S. Salinity Laboratories studies reported by Schilfgaarde et

al. (1974), after verification of their finding on pilot

projects. Substitution of surface water by tubewell water in

some areas and conjunctive use in the remaining areas.
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Alternative IV. Augmentation of Colorado River supplies.

a. Through exchange agreement for substitution of water from the

California State Water Project.

b. By weather modification.

c. Watershed and vegetative management.

5.8.2.5 Capabilities of Alternative Systems and System Versus 

Criteria Array. At the present level of technology and practical

experience the Alternative EV does not offer an opportunity equal to

some of the other alternatives to meet the challenge posed by the

salinity. Nonetheless, more research must be done to firm up the

figures of additional water supply by the proposed methods individually

or collectively. Simultaneously efforts must be stepped up to under-

stand the environmental impacts, particularly due to lack of control

over the rainstorm caused by weather modification. Equally uncertain

are some of the long term consequences of removing phreatophyte and

establishing grasses. Similarly other alternatives for augmenting

supplies of the Colorado River, such as interbasin transfers, is also

infeasible, according to Gordon (1970) and Howe and Easter (1971).

This leaves mainly 3 broad options for detailed comparative

evaluation:

1. Alternative	 Desalination plant along with other works

authorized by the federal government under Public Law 93-320.

2. Alternative 1- 1-- Total shut down of Wellton-Mohawk Irrigation

District.
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3. Alternative Ill-- Any one of three Alternatives 111(a), 111(b),

and 111(c).

Although adequate data is not available to present an exhaustive

evaluation of all the three alternatives, an attempt is made to analyze

the situation on the basis of whatever information and relevant expe-

rience is available. The result of this comparative evaluation is

contained in Table 5.3.

5.8.2.6 Select Fixed Cost or Fixed Effectiveness Approach. Ac-

cording to the standard cost effectiveness approach presented by a

number of system analysts including Kazanowski (1968), a selection must

be made between fixed cost or fixed effectiveness in the final process

of making a choice for the most appropriate system design. In the

present case, fixed effectiveness stands much higher in rank than fixed

cost due to serious international political repercussions. Nonetheless

due to the disproportionately high cost of the desalination plant, the

cost element cannot be totally ignored particularly when the operation

and management cost of that alternative is also very high compared to

any other alternative. Also, its high demand on electric power is a

pertinent parameter in the context of national energy conservation

policy.

5.8.2.7 Analyze Merits of Alternatives. Comparative evaluation

of the three alternatives contained in section 5.8.2.5, reduces the

number of alternatives to only two as the total shut down of Wellton-

Mohawk Irrigation Division is not feasible both from the political and
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social points of view. Therefore, the evaluation of the remaining two

alternatives is summarized below on the basis of ranking of criteria

suggested in the preceding section.

Rank 1 -- Effective Control over Salinity. Both the alternatives

under consideration are equally effective in controlling the salinity

of the Colorado River at the Mexican Border to the specified level.

However, the means employed to achieve the same end differ very widely

in the two cases. While improved land and water management including

economy in water application is the essence of Alternative Ill, Alter-

native 1 employs the electrodialysis membrane process of desalination,

in combination with a set of structural changes, such as extension of

main drain and lining of a part of the All-American Canal (Coachella

Canal), etc.

Rank It-- Environmental Quality. Alternative I is obviously

more hazardous than Alternative III.

Rank III -- Project Costs and Source of Funds. Alternative I

is far too expensive as compared to Alternative III both on the basis

of federal as well as private investments.

Rank IV. Economic gains are negative in case of Alternative I,

but respectable in Alternative Ill.

Rank V. A lot of electric power will be consumed every year by

the desalination plant and no additional power is necessary for Alter-

native III. This is a crucial point in the face of energy crises all

over the world.



17 6

5.8.2.8 Sensitivity Analysis. 	Sensitivity analysis is a highly

important step in the ex-ante evaluation of a number of hypothetical

alternatives competing in the selection for the most appropriate system

design. This step is, however, far more critical in the developing

countries as there are all sorts of uncertainties and constraints.

Although in the present study also there are some uncertainties about

the cost estimates of Alternative Ill, the gap between the costs of the

two alternatives is so big, that the decision is not sensitive to

fluctuation in the cost. Therefore, sensitivity analysis which is

critical for closely competing alternatives is not so important in this

case.

5.8.2.9 Documentation of Rationale. Although the rationale for

each step of the analysis is explicitly discussed in the text at appro-

priate places, additional documentation is presented below:

Alternative I. The merits and demerits of this alternative

have been evaluated by a number of committees of experts and task

forces. Some of the reports, which contain comprehensive information

are:

a. Final environmental statement (1NTFES 75 - 77) on the Colorado

River Basin Salinity Control Project Title 1, prepared by the

Department of Interior, Bureau of Reclamation, Lower Colorado

Region, issued on June 18, 1975.

b. Measures for reducing return flows from the Wellton-Mohawk

Irrigation and Drainage District. Special report of the

advisory committee on Irrigation Efficiency issued in September

1974.
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c. Special report of the U.S. Dept. of Interior, Bureau of Recla-

mation (1973b), Office of Saline Water, issued in Sept. 1973.

Alternative ill. Comparative merits of this alternative can be

perused in the following documents and reports:

a. Water Management Alternatives for the Colorado River Below

imperiod Dam by Gordon (1970). In essence this study favors

improved management of existing water resources by changing the

method of irrigation from flooding to sprinkler, etc. Desali-

nation is considered infeasible and uneconomic for the present.

b. Water Resources Management for Part of the Lower Gila Valley by

Matias (1974). Major recommendations which are relevant to the

problem of salinity control include:

1. improved methods of land and water managment.

2. Decrease in the volume of drainage water delivered into the

Colorado River.

3. Decrease in the salt contents of drainage water returned to

the Colorado River.

4. More efficient use of the Gila River flood waters.

c. Wellton-Mohawk Drainage and the Mexican Salt Problems by Tabor

(1973). This study does not support the construction of a

desalination plant on the following basis:

1. Even existing salinity is not so detrimental to irrigated

agriculture in Mexico.
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2. Regulated management of tubewell drainage has already

brought down the composite average salinity of drainage

effluent from 6500 to about 3800. Further improvements in

the management could reduce the salinity of return flow

still further.

d.	 Irrigation Management for Salt Control by Schilfgaarde et al.

(1974). The conclusions of this study are:

1. Combination of a reevaluation of established crop salt

tolerance data and recent advances in understanding of soil

chemistry and application of soil physics leads to a new

management system for irrigation that can result in signif-

icant reductions in the amount of salt discharged from

Irrigation projects.

2. These new concepts can play a major part in advancing irri-

gation agriculture, while meeting the challenge of mini-

mizing water quality degradation. The adoption of these

concepts will, however, require changes in irrigation

management that call for a closer control of the amount and

uniformity of water applied than is customary.

e. Regional Plan for Northern Indus Plains, Vol. 1, by M/S T & K

(1967).	 In essence, the outlines of these plans are:

1. Development Program included in the Plan draws heavily on

the substitution and transfer principle of water management.

Thus, with a tubewell project in operation in a typical area,

there is latitude for substitution of ground water for canal
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supplies during periods when unused pumping capacity is

available. Under this kind of management the full capa-

cities of all facilities -- tubewells, canals, and storage

and diversion works -- can be used with maximum efficiency

to great economic advantage, specially during the critical

periods of water shortage.

2. A primary feature of the development plan is a recommenda-

tion on the use of ground water in the range of 1500 to

4000 ppm of dissolved salts.

The following relevant information is provided by an overview

of the above literature:

1. According to Matias (1974) consumptive uses per irrigated acre

per year on the average work out to 4.66 acre ft. for the valley

section of the Wellton-Mohawk and 3.63 acre ft. for the mesa.

Against these values, the actual water applications in extreme

cases have gone as high as 6.09 acre ft. and 12.06 acre ft. per

acre, respectively. Accepting the latest claims that drip irri-

gation needs only 120% of consumptive water uses for irrigation

to give optimum output, the quantities of water diverted from

the Colorado and Gila Rivers for irrigation purposes can be

reduced. This will cause proportional reduction in the rate

of recharge and consequently the quantity of return flow to

maintain the water table between 6 to 10 ft. from the ground.
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2. The quantity of return flow can be reduced further by replacing

deep tubewells in the highly saline areas by tile drains, if

the water table can be maintained between 6 to 10 ft. by pro-

longed operation of tubewells in the less saline areas.	 In this

way the salinity of return flow will gradually go down after the

top soil has been flushed out and the salinity of water inter-

cepted by tile drains may be so low that effluent could be even

reused within the project area itself and downstream users

within the U.S.A.

3. The amount of surface water diverted as also the drainable

surplus can be reduced considerably if the recommendation made

by V/S T & K for Indus Basin to use ground water having a

salinity index ranging between 1500 and 4000 ppm were applied

to this project. As a matter of fact, if poor, illiterate,

farmers practicing agriculture hardly at the subsistence level

on their 5 to 10 acre size farms can profitably use ground

water up to 1500-4000 ppm in the Indus Basin, it should not be

difficult for highly enterprising, modern farmers of Wellton-

Mohawk to use water up to 5000-6000 ppm. According to the

latest experimental results obtained by experts of USDA Salinity

Laboratory, from their greenhouse studies, higher salinities

can be managed without any adverse salt build up in the soil

and damage to crops.
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Therefore, through conjunctive use of surface water and ground

water having salinity up to 4000 ppm, water economy could be practiced

in the U.S.A. to a very high level, without any short term or long term

adverse impacts on the land and crops. However, adequate incentive for

the farmer does not exist to change their existing lavish and wasteful

water application as the cost of water for irrigation is very low.

Almost universally a major portion of this cost is borne by the power

users in the district. Just because, traditionally, water is taken as

good free gift of nature, and according to Kelso (1967) unless the

principles of market mechanism (i.e., supply and demand) are applied to

water, its allocation between users and uses will remain irrational

both in space and time. This establishes a case to rationalize water

laws in the U.S.A. The concepts of partial substitution of canal/river

flows by ground water and conjunctive use of surface and ground water,

if valid for setting in Pakistan according to M/S T & K, must succeed

in the U.S.A. where standards of land and water management are higher

than any other country of the world.

5.8.3 Conclusion

Although conclusive data are not available to evaluate each

system design to the same details, enough collaborative material has

been sifted to highlight that the desalination plant 
is not an absolute 

must. If the laws governing water rights and cost of 
water used for

agriculture are rationalized to meet the current 
and future exigencies,

and farmers cooperation sought in the adoption of the 
latest



technological innovations, the salinity of return flow from Wellton-

Mohawk can be controlled within the specified limits without going in

for the desalination plant.
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CHAPTER 6

COMPARATIVE EVALUATION OF WATER RESOURCE MANAGEMENT
UNDER DIFFERENT SOCIO-ECONOMIC CONDITIONS

6.i Present Stage 

Some phases of water management are given more emphasis than

others in different parts of the world. There have been rapid and radi-

cal changes also within the same country over short spans of time. The

direction of these changes have been regarded as beneficial in some

cases and adverse in others by those who have monitored these changes.

One can see the consequences in the form of wide variations in the

efficacies of water resources developments under similar as well as

dissimilar socio-economic conditions. These diversities exist for real,

but nothing tangible has been done to date to evaluate them objectively,

let alone taking action to eliminate them. The task is not easy.

Besides lack of technical and financial resources, political climate,

both at the national and international levels, most often act as disin-

centive to undertake such studies or take action to ameliorate deterio-

rating conditions.

6.2 Scope of Present Study 

The search in this project is directed to identify management

constraints under different socio-economic conditions. Due to an over-

riding common interest of human societies all over the world, to achieve
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a dynamic agriculture capable of generating steadily rising levels of

productivity to surpass or at least match the growing population needs,

the scope of this study is limited to the management of water resources

as an input into agricultural production.	 lncidently, agriculture is the

main consumer of water currently and things are not anticipated to change

at the present level of technology. The comparative evaluation that

follows is, however, mainly concerned with the engineering and economic

efficiencies of two specific projects, namely the Wellton-Mohawk Irri-

gation and Drainage Project (WM1D) in the U.S.A. and SCARP-1 in Pakistan,

but some information on experience gained in other countries has also

been used here and there.

6.3 Alternative Methodologies 

Methods employed for ex-ante and ex-post evaluation of water

resources development programs were discussed in section 4.5.4. Some

of these and, in particular, "cost-effectiveness" approach could be

employed for comparative evaluation of two programs under similar socio-

economic conditions. Two more methods are being added on here to the

earlier list to make the choice for an appropriate methodology broad

based. These are "Input-Output" analysis and "Goals-Achievement-Matrix."

6.3.1 Input-Output Analysis

A comprehensive overview of this technique has been presented

by Davis (1968). Crosson (1970) has used this technique to evaluate the

obstacles in the way of rapid growth in agriculture productivity in
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Chile. Production function employed by him was of the following

general form:

12	 6,
y = ax i x2 . . . X.

where, y is production (output), x's are inputs, a is a constant, and

the b's are the elasticities of production with respect to various

Inputs.

This approach is best suited to obtain the estimates of the

marginal contribution of each input to output. But the estimates so

obtained are subject to a variety of possible errors, some of which may

be sufficiently large to render the estimates useless, or even dangerous

if the existence of the error is not recognized. These errors stem

basically from lack of knowledge of the precise nature of the input-

output relations in the production process and from difficulties in

specifying and accurately measuring all the inputs employed. The diffi-

culties multiply further when there is an intercorrelation between

various inputs as it tends to obscure the separate contribution of the

affected inputs to outputs.

Another problem which affects all estimates of the input-output

model is the inability to include some inputs, either because they are

not known or because no information is available concerning the quan-

tities used. Administrative management and social responses to develop-

ment are the most important inputs usually left out of production

functions. The difficulty is that no one has yet devised a satisfactory

index of the "quantity" of management as well as a scale for gauging
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human responses. Management is likely to be correlated with capital,

on the assumption that more able managers may build their assets faster

and have access to larger amounts of credits than less able managers.

Hence, failure to include administrative management inputs will impart

a bias in the analysis.

The usefulness of this technique to the present study is limited

-	 by a number of factors including the uncertainty of quantity and quality

of water available in SCARP-I. Again, in areas where large amounts of

agriculture products escape the market and only a few inputs are pur-

chased, the production function approach may prove less appropriate. It

is also desirable to estimate the rates of return to infrastructural

services, yet these inputs can seldom if ever be included in farm-level

production functions.	 Besides, irrigation systems, contribution of

roads, extension services, and storage and marketing facilities are

obviously of major importance, yet they do not fit in properly in the

production function.

6.3.2 The Goals-Achievement Matrix

Sewell (1973) is of the view that it is a useful device for

assessing the relative merits of alternative plans and it is particularly

valuable where the number of objectives is limited, where the number of

alternative plans is not large, where impacts can be quantified in

comparable terms and where weights can be objectively assigned to goals,

strategies, and different social groups. However, according to Sewell,

the technique has some problems of applications such as those of
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interaction among objectives and difficulties where a project serves

several purposes and sectors. The method is, therefore, not being

applied to the present comparative evaluation of water managements.

6.4 Framework for Comparative Evaluation 

The minimum requirements for applying any of the methodologies

discussed so far to the present case are: reliable technological and

socio-economic data, proper definition of goals and objectives, and

freedom to allocate additional technical as well as financial resources

to collect relevant information. Also, most of these methods are better

suited to evaluate only the tangible measures of effectiveness. There-

fpre, while established methods can be applied to compare the technical

and economic efficiencies of water projects under different socio-

economic conditions, other phases of water management concerning policies

and procedures, such as identification of needs, implementation, post-

project operation, and administrative managements, etc. can be only

reviewed subjectively on the basis of general international information

and common sense. This study is, however, just a starting point in this

new field to be choosen by future researchers to undertake comprehensive

evaluation of total water management.

6.5 Comparative Evaluation 

Each phase of water management, as discussed in Chapter 4, is

reviewed here in the light of the above framework for comparative eval-

uation.
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6.5.1 Evaluation of Phase I

This phase includes identification of needs, inventory of re-

sources, and definition of national goals and objectives for water

resource management. The policies and procedures followed in the U.S.A.

In this regard are not static. These are kept under constant review by

federal, state, and local agencies, clubs, private citizens, university

and other research centers and task forces appointed by the Water

Resource Council and National Water Commissions, appointed from time

to time under the statutory acts and laws passed by the U.S. Congress.

The Congress itself also remains actively engaged in the whole process

as can be seen from the number of acts passed since the turn of the

twentieth century. The way in which the politics of water management

germinates in the grass roots can be seen from the procedures followed

in different socio-economic settings. This is explained in the fol-

lowing sections.

6.5.1.1 Identification of Needs (Forecasting) in the U.S.A.

Identification of current and future societal needs and preferences,

inventory of human, material, and financial resources available within

an area being planned for, and possibilities of changes brought about

by interregional transfers of these resources or otherwise are key issues

which must be attended to by planners, decision makers, and water

managers. The treatment of these issues is a subject of study and re-

search on a continuing basis. Maass (1951) explained the way in which

the Corps of Engineers develops the U.S.A. rivers for navigation, for

flood control, and for many allied purposes. For the water resource
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development in general a case study of New Mexico's Role in the Colorado

River Basin Bill by Ingram (1969) brings out the national patterns and

policies In this regard.

Presenting a model of political feasibility in water development

policy, Ingram makes the following relevant observations:

a. Typically some local businessmen or water users (current as well

as prospective), or locally based bureaucrats in a water agency,

or groups composed of these people supply the basic drive for

water developments. However diverse the desires of initiators

may be, such as water supply, economic growth, recreation, an

expanded role for some agency, etc., each perceives a stake in

having some specific project constructed. So the local interests

provide the initiating energy for water development.

b. Various water agencies have since the turn of the century been

identifying possible damsites and studying various water works

which might be built. There have been controversies as well as

overlapping of activities between different water agencies in

this respect. But a large number of project proposals with a

fair amount of details has been always readily available for

locally oriented interests to attach themselves to, especially

in the West.

c. State water agencies play a signficant role in selecting which

project proposals are put on the active agenda for federal autho-

rization, and these agencies are sensitive to local sentiments.
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d	 Federal government agencies which participate in formulating

project proposals and have the assignment of building and

operating projects are responsive to the local drive which is

basic to policy making in water.

e. The first step in a preliminary examination of project proposal

is to hold a public hearing to assess the opinion of various

persons and groups (for as well as against the proposed project)

and the local cooperation that may be expected.

6.5.1.2 Identification of Heeds in Pakistan. The procedures and

policies followed in Pakistan, as in most of the developing countries,

has its own distinctive features. These are:

a. During the colonial period, the ruler and his governing agents

had exclusive prerogative to choose any area for water develop-

ment. Their own specific objective to perpetuate their rule was

more dear to them than the long term prosperity, socio-economic

uplift, and improvement in the quality of life standards of the

locals in the area. There were no political bargaining over the

plans, no local initiative, no local hearings, and no private

input into the planning and development process except supply

of cheap labor during surveys, execution, and operation of the

water projects. The imprint of these policies can be seen from

the innumerable problems associated with the 
water systems laid

out during this period.
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b. Even for a long time after independence, this pattern of need

identification remained almost unchanged. The foreign rulers

and its functionaries were no doubt replaced and the national

objectives were changed but there was no institutional arrange-

ments to associate local private groups with this process. So

the local technician and bureaucrats, assisted occasionally by

foreign consultants, have been carrying on this task. Naturally

beneficiaries feel less concerned about the outcome of imple-

menting programs which are conceived without their active partic -

ipation.

c. Recently the new government has taken a number of positive steps

to solicit public opinion on important national issues, which

may in the long run activate local participation even in re-

source management. There is, however, still a long way to

reach a stage corresponding to that in the U.S.A.

There is a long chain of iterative events and activities

creating an ever expanding gulf between the developed and

developing nations in respect of resource management. Although

a comprehensive review of the whole situation is beyond the

scope of the current study, it is not so difficult to list out

causes for the present situation. Some of these are:

1. Resource base and level of formal education and technology,

economy, research and rate of population increase.

2. Political antecedents and maturity, present system of deci-

sion -making, and awareness of the constitutional rights
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and obligations -- political priorities at national and

International levels.

3. Policy knowledge and information base.

4. Life styles, ratio of urban to rural population, leisure

time, recreational needs, and concern for environmental

quality.

5.	 International trade and relationships.

There is hardly any need to elucidate these factors, which can

easily convey the reasons for comparatively progressive and dynamic

policies and procedures followed in the U.S.A. and some other developed

countries. However, within the U.S.A., conservationists often complain

that policies and procedures governing resource management are either

unresponsive to popular demands or respond only slowly and incrementally.

This might have been true in the forties and fifties but certainly it

is not true now, after passage of NEPA 1969 and recognition of equal

status for environmental quality with the national economic development

since 1973.

6.5.1.3 National Goals and Objectives. As far as the U.S.A. and

Pakistan are concerned, the distinctive features of the two settings

have already been discussed at length in Chapter 2. The experience

gained in the East European countries representing socialists economy

is also presented here for the sake of a comparison.

6.5.1.4 National Objectives and Goals in Eastern Europe. Ac-

cording to Laszlo (1975), the objective of water management as a planned

scientific, technical, economic, and administrative activity is the
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the optimum coordination of the natural water balance with the demands

of society in these countries. Elucidating his statement further, he

lists the following additional objectives:

a. The purposeful planned organization of water management

activities.

b. The rational and economical use of (state owned) natural

resources.

c. The rational and economic use of labor.

d. To ensure optimum relations of means and the attaining of the

best possible socio-economic results with the least possible

expenditure (fixed cost-effectiveness).

Subsequent to the Second World War and accompanying the large-

scale socio-economic transformations, water resources were nationalized

in Eastern European countries, as had previously been done in the Union

of Soviet Socialist Republics, and the control of water management was

declared to be the task of the State. This act enabled the establish-

ment of a centrally controlled water management. The selected data

concerning water management in these countries, as summarized by Laszlo

(1975), can be seen in Table 6.1

Comparing the situation in the three settings namely free or

market economy, mixed economy, and socialist economy, one can see a lot

of resemblance in mixed economy and socialist economy. For example,

water management is centrally controlled in both. The only exception

is private tubewells in India and Pakistan constructed by farmers on



CD 1.41

vD	 cn.1
cs-1

W 	.1/40 (n

csi	 0 0-1 c-4
11•••

cy

csi	 c%.1

Cs!
cNI	 CD

CV 0

-	 c	 c	 nC;

çi cr‘

c.1	 co CD
cen 	 Cs1

enr oD
al -- en 0 .1..rN

csl -1-

cn1

1 9 4

c0

0
4-

CU

Cu

• -11
Q) O C
1... ..0 Cu E

4-n t.(1
•••n••

-0
'E

-0	 •-c;.1 =
C	 L. -0	 C
(13 'V G) 4) '71 Cu C

4) 4-1 CD C U Cu
'V 4-1 (13 L (T1

i s..0) ro 3 Cu ui L
— 4-) o a) _c m a) a)
() Cu 1- 4-1 0 o 

a 

a_
4-) a) 4-1 (I) cri ..0
O 1- C (1) •- 4-) 01	 ro I

I-- 4-, =	 'ID **-'	 -4-,

OD %.0	 a) 0 (n co
c‘J

03	 Cu
.--- ....1-	 I--.	 — c-.1 co .--	 01
(n —	 in	 — -- 0 c--1 0

O 0	 0	 CD c; c; cp c)

03
r(1 0	 in	 c-.1 cs4 0 cn cs4
CO rel	 -.1.	 Lf1 re't In ,-- .-

• '
CD CD	 0	 0 CD 0 •-• CD

• •-•

• d	 d C U	 U

G) G) >- E
4_j"	 1 crl -CS 1... 3._. D

Cu — = 4-- .- c .- 4-I '3) C
1_ 4- Cu— t,0 cri -- cri C C

14.- 4-)	 (..) C C .- 4-1 .1-1 	(3) D ru
> 0 0 c .— = s-- (Ls m ..c o m

E
L

C 1— .— -ci 1- 0 c 0	 -1-, u I-a)
-ci	 ta.
C

(ll
4-I

(1)
I c

ai	 (u
u.,	 4-,

1 D .-.
a) 4- CI .- ..0 C 0	 C).
C 1- •-,,	 -P .1., 4) 7 >.

1...
..0	 03

0
-1

s--	 03
0 C

.-
3

.0
4-)

o
0 +-,

410---

CO
C

I	 0	 cf)
— 1 C

O. 4-1 — 0

(0 7 7:1
(1) 0 Cc-4

E
<

U
.-

Cu	 I	 410
in 03	 Cu •-	 >-•	 Cu

L	 I	
3....	 0 . -	 c s_ ,--	 3- -0	 RS

4-3	 RI .0 .Y	 (13 0 -0	 (13	 C	 C	 I • -

C	 01 0 CI E0 D 0) (0 RI cC 0>

z	 .— Q)> LEO-Cl. C .--	 E (J)	 CT) n3

O 7 	NO 43) 0.) (1.) D 00 In 7 .--

C.)	 CO L)' 	c..ucac	 = n_ cc	 >- In



19 5

their own land to supplement the water supply available from the public

source. Also, the entire surface water belongs to the state, which is

privileged to plan for its optimum development, ration its availability

to various uses and users, and to fix a cost not necessarily related to

the amount of water supplied or its opportunity cost. In contrast to

this, water is still looked upon as a local resource in the U.S.A. and

the entire pattern of politics in water resource development, according

to Ingram (1969) has been developed over the years accordingly. This

in conjunction with differentiating factors listed under "identification

of needs" in main, account for different objectives for water resource

planning under different socio-economic conditions. According to Kelso,

Martin, and Mack (1973), the planning objectives for water resource

development in the arid and semiarid west (U.S.A.) are also influenced

by the subjective images of water as a free good gift of nature rather

than an economic factor in the process of production.

The conditions in less industrialized developing countries are

characterized by a number of totally different factors, listed below,

which seriously affect the planning objectives in real life situations.

1: Hangover from exploitative colonial rule (political instability,

agitational masses, and social stratification).

2. Low level of education, high rates of population growth, multi-

plying poverty, local social customs, and outdated water laws.

3. Irrigated agriculture as the base of economy and 
yet agriculture

is practiced hardly at the subsistence level.
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4. High rate of underemployment and higher rates of inflation.

5. Most of the river flows diverted for irrigation uses. Municipal

and industrial uses are less significant and are mostly from

private tubewells tapping ground water. This is particularly

true in Pakistan.

6	 The highest national priority is to become self-sufficient in

food. National security, balance of payment, and foreign debt

serving also depend substantially on the performance of irrigated

agriculture.

7. Over 65 percent of the people living in the rural areas and

associated with agriculture in one form or another.

8. The life itself is more important than quality of life, recre-

ation demands are limited, and outlook on ecological balance is

quite different corpared with affluent societies.

9. The objective of social well being, although central to national

policy, cannot be expressed in quantitative terms in the process

of decision making. The only requirement is to project the

number of employment opportunities created by a water project

during its construction period and thereafter. However, at

present there is no way to measure this social impact due to

lack of reliable datum information.

10. Dearth of financial, material, and technical resources to collect

data, plan, execute, and operate all desirable water development

programs at a pace necessary to meet the planned objectives.



It is clear that most of these constraints are either totally

absent or less stringent in the developed countries. This explains

. why it is not easy to have uniform objectives and goals for water re-

sources development for all the regions of the world.

6.5.2 Formulation of Alternative Solutions

Once the needs of a region or locality and planning objectives

and goals have been defined, the next logical step in the process of

water management should be the conceptualization or formulation of

alternative outline plans to fulfill the desired needs and achieve

planned objectives.	 Ideally, plan formulation should be responsive to

changing socio-economic objectives, better and faster techniques of

ex-ante evaluation, improved methodologies for decision making, and

progressively advancing technologies for implementation and operation.

However, due importance of this phase has not yet been recognized both

in the developed and developing countries, due to resistence of esta-

blished agencies to change, inertia of existing laws and political

pressure groups, and lack of reliable data on physical and social

aspects. Consequently, the number of conceivable alternatives is more

in situations where more data are available and where the political

system, laws, and public agencies are more responsive to local problems.

Also, these alternatives will multiply with the number of goals and

objectIves. For instance, structural and non-structural alternatives

available for consideration 011 be more in the developed countries

where environmental quality objective is co-equal with national

197
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economic development, compared to a developing country where economic

efficiency continues to be the overriding criterion. Similarly, if

regional development and social well being are also included as planning

objectives, a much wider range of alternatives could be conceived,

provided there is no dearth of relevant information.

The cultural heritage, spatial linkage, and level of technologi-

cal innovations also play their parts in the generation of more alter-

natives. A multidisciplinary approach toward management and research,

both in the field of physical and social sciences, can further expand

the range of choice. Public hearings to solicit opinions of all con-

cerned can also increase the number of ways a local water problem can

be solved.

The point of departure betweem the developed and developing

countries on this issue can thus be summarized in the following way:

a. Due to the interaction of proponents and opponents of different

development strategies, in the public hearings as well as within

the Congress meetings, broad base of multidisciplinary infor-

mation, faster means of communication, progressive research,

multiobjective planning, innovative science and technology, and

sophisticated analytical tools, a very wide range of structural

and non-structural alternative solutions to a water problem, can

be conceived for evaluation and making a choice for the most

optimum solution in the U.S.A. and some other developed countries.

b. In the developing countries the alternative development strat-

egies are normally not discussed at public hearings, the
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information base is narrower, the planning process is dominated

by engineers and economists to the exclusion of all other

branches of social sciences, financial and technical resources

are limited, water needs are predominantly for agriculture,

financial and economic efficiency objective is overriding all

other listed objectives if any, scientific and technological

innovations as well as diffusion of innovations are less dynamic,

techniques of evaluative analysis and decision making are often

intuitive and conventional. There is more emphasis on the

flructural/engineering solutions under most conditions, which

usually results in only a few technical alternatives to choose

between on the basis of engineering economic, and economic

efficiency criteria for evaluation.

Projects such as drainage, flood control, and flood protection

are, however, not subjected to economic efficiency criteria so rigorously.

6.5.3 Evaluation and Selection of Best Alternative (Decision Making)

The process of decision making in any setting is made difficult

by a number of factors including uncertainties, multiplicity of objec-

tives, diversity of competing water demands, socio-cultural, political,

legal, financial, technical, material, institutional, and administrative

constraints. The answer lies in application of suitable analytical

techniques such as mathematical models, system analysis, and decision

theories. In the developed countries, these techniques have been

gradually advanced to their present stage, mainly due to three major

stimuli: a rational conceptual framework (system engineering), effective
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methods of mathematical analysis (operation research), and computa-

tional facilities (analog, digital, and hybrid computers). The time

has already come for these techniques to replace conventional intuitive

approaches, particularly in highly advanced countries like the U.S.A.,

where achievement of diverse objectives of national economic develop-

ment and enhancement of environmental quality demands multiple agency

and multiple means approach. Although for the time being very few of

these theoretical techniques have been applied to the solution of real

life situations in the field of water management, the requirements set

by the principles and standards for planning water and related land

resources in the U.S.A. can be only met through the application of

these methodologies.

in the developing countries, considerations are quite different.

These techniques have so far been employed only by foreign experts

working on the preparation of master plans and prospective plans for

development of water and related land resources. This is mainly due to

inadequate arrangements at the universities to impart formal education

and training in these fields of specialization, due to non-availability

of in-service training facilities and high costs involved in the use of

these techniques compared to resources presently allocated for conven-

tional methods of evaluation and decision making, unexpected costs over-

run, time over-run, and requirement of more data, etc. Moreover, mar-

ginal gains in applying these techniques are minimal when the number of

alternative solutions to be evaluated is small and the time factor is

not critical.
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Unfortunately, the application of these techniques often re-

quires assumptions for the simplification of the complex field situ-

ations so that the output of the analysts much depends on the analysts

attitudes toward these assumptions. If these assumptions are highly

idealized, the techniques may bring misleading results. This is-clearly

manifest	 from the ex-post evaluation of water managements in Pakistan

discussed earlier.

This, however, does not provide justification for status quo in

the developing countries, as it may lead to haphazard planning and inef-

ficient investments in less productive water developments. The stage

is soon reaching when the important question will not be to choose

between the conventional approach and modern planning methodologies but

it would be to refine and adapt these modern tools to make them ade-

quately applicable under all types of socio-economic settings. This

will, of course, mean a lot of changes in the design of field data,

procedures for its collection, frequency of its collection, arrangements

for its storage and retrieval, dissemination and processing, etc. This

is essential to understand clearly the physical features of the system

to be modelled, and it will help in making more realistic assumptions

to simplify physical realities for their mathematical transformations.

Of all the techniques currently available, the simplest one is

that of "cost-effectiveness". Besides being less expensive, it has the

flexibility of betng applicable to both ex-ante and ex-post evaluation

of different alternatives.	 It can also evaluate both tangible and intan-

gible benefits as well as adverse effects.



202

Through the application of these planning methodologies dif-

ferent professional planners present alternative plans in order of their

merit for the consideration of a statutory forum for a final choice to

reject all the alternative plans or select one for its implementation.

The highest decision making forum is the Congress, in the case of U.S.A.,

but there are different arrangements in other countries. For instance,

in Pakistan, depending upon the cost of a water development project, it

can be sanctioned by the sponsoring department itself, by the provincial

planning and development boards, by the federally appointed Central

Development Working Party (CDWP), by the Executive Committee of National

Economic Council (EC/NEC) or by the National Economic Council (NEC)

itself. However, the annual financial allocation for each of these pro-

jects is approved by the provincial/national assemblies (counterpart of

state legislators and Congress in the U.S.A.), depending upon the juris-

diction of provincial/federal government over different programs.

The overall responsibility for formulating long term and short

term plans and coordination of regional and provincial plans lies with

the federal planning commission in Pakistan. The corresponding plans in

the U.S.A. are drawn up by respective public agencies and reviewed by

organizations such as the National Water Commissions appointed by Con-

gress periodically for such purposes. Permanent planning agencies or

commissions exist in most of the developing countries as well as in the

east European countries, where national economies are centrally planned.
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Comparative evaluation of these different institutional arrangements

under different settings has not been done as yet, but this is a good

area for future research.

The following general observations can be made on the processes

of decision making in different socio-economic settings:

a. In the American settings the process has stronger political

motivations and even courts play an important role, particularly

in deciding controversial issues relating to environmental

impacts of water resource managements.

b. American political philosophy in the past has generally followed

the incremental model of decision making, which is characterized

by "muddling through", satisfying everybody rather than optimi-

zation of national objectives.	 It is retrospective in nature.

The environmental issues, however, require a comprehensive,

radical, and goal-oriented system's approach, particularly to

meet the requirements set by NEPA 1969 and Principles and Stan-

dards for water and related land resources promulgated in 1973.

c. In the developing countries on the contrary, the process has a

bureaucratic overtone, though political organs, both at the

national and provincial level, have access to it and can in-

fluence the decision. But it is very rare that the individual

political actors have adequate data on technical/professional

aspects of the water nanagement to suggest a rational change.

Usually the political preferences are communicated to the
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the bureaucratic tiers of planning and decision making for

evaluation of a preferred alternative as well as it subsequent

adopt ton.

d. Comparatively more backward regions of the country are often

given special considerations In matters of evaluating their

water development programs and approval. Sometimes the rigid

standards of economic efficiency are relaxed for their program

to accelerate the pace of socio-economic development in these

regions.

6.5.4 Implementation

This phase of water management covers the following steps, the

sequence of which may slightly vary depending upon the local setting:

1. Issuance of the authorization letter and appropriation of funds

for construction of the project.

2. Preparation of detailed plans, specifications anf firm cost

estimates.

3. Signing of repayment contracts with beneficiaries of the project

(only in the U.S.A. and some other countries, but not in

Pakistan).

4. Preparation of contract document and invitation of bids.

5. Completion of detailed engineering/structural design of project

facilities and preparation of detailed construction drawings.

6. Award of contract to successful bidder and signing of agreement

between the contractor and the employer.
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7. Physical execution of the project including general supervision,

arrangement of funds, and contract administration.

8. Compilation of completion report and operation manuals.

9. Transfer of completed work from construction agency to employer/

operating agency after necessary trial run.

10. Technical operation, administrative management including on-farm

management, and post-project monitoring and evaluation, etc.

These are the principal steps but there may be additional re-

quirements in certain localities or a totally different procedure may be

necessary under certain conditions. For example, the number of steps

involved as well as their sequence may be different in China, as com-

pared to India, Pakistan, and Burma. Also, the system followed in the

U.S.A. does not tally with a number of socialist countries, where instead

of private contractors, task farces assigned to the national water

authorities carry out the entire construction as well as 
operation them-

selves. On the other extreme is the U.S.A., where as a rule, most 
of

the irrig-tion works executed by the Bureau of Reclamation are 
trans-

ferred to the local private water users association even for 
their

technical operation and administrative management. 
In between these

extremes lie most of the developing countries, where usually bigger works

are executed by private local or foreign contractors 
or mechanized

public task forces and small works are carried 
out departmentally by

employing casual labor specifically for this purpose.
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Implementation problems differ considerably under different

socio-economic conditions. Challenges posed by only a few representa-

tive situations have, however, been analyzed here.

6.5.4.1 U.S.A. Normally one would expect that once a project
is approved by the Congress, its physical execution, technical operation,

and administrative management must be taken care of in the best possible

manner so that ahticipated benefits start accruing according to the

planned time schedule.	 In the real life situation, this may not always

happen due to a variety of reasons such as:

a. Bitter controversies over the agency to be authorized for imple-

mentation. The King River Project in the U.S.A. is a typical

case of this nature. As explained by Maass (195 ) ), this project

was authorized in 1945 for construction by both the Bureau of

Reclamation and the Corps of Engineers and the point at issue

for the Congress was to appropriate funds and designate one of

the two as the construction agency. In this case the President

was in favor of the Bureau of Reclamation, but Congress was

supporting the Corps of Engineers. This caused considerable

delay, duplication of planning efforts, higher capital invest-

ment, and lower returns from irrigators. Such conflicts, which

were far too many in the past, have tended to prevent the

development of sound water policies in the U.S.A. Things have

gradually improved over time.
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b. Appraisal of irrigation and drainage aspects of the Columbia

Basin Project by Macinko (1963) has revealed important factors

concerning non-participation of beneficiaries, long delays in

execution, multiplication of project costs, and fluctuations in

the projects benefits, etc. These are:

1. Shortly after the repayment contracts were drawn between

the Bureau of Reclamation and prospective irrigators in

1945, some 300,000 acres (about 30% of the irrigable acreage)

were voluntarily withdrawn from project development by

wheat farmers. This was the first major setback to the

orderly implementation of this project. The stimuli for

this withdrawl are reported to be the introduction of

tractors coupled with other technological innovations, which

revolutionized dry land wheat farming.

2. In October 1945, the Bureau of Reclamation decided arbi-

trarily that farmers were obliged to pay U.S. $85 per irri-

gable acre to reimburse construction costs of works directly

assigned to irrigation. This sum was payable by means of

annual installments over a 40 year period following a 10

year developmental grace period	 By the Summer of 1959 it

had to be decided that construction should come to a virtual

halt in 1963 and completely stopped by 1968, as the amount

of money payable at the specified rate fell far below the

actual cost of the construction of irrigation works.
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3. In 1933, when the project was in its infancy, it was be-

lieved surplus power revenues would repay 50 0/o of the cost

of irrigation development and the rest would be paid by the

farmers. En 1944, the repayment contracts were negotiated

to offset only 28% of irrigation construction costs and in

the renegotiations which followed in 1959, the liability of

the farmers was reduced to only 11%, even at a recovery rate

of U.S.$125 per acre. Actual repayment perhaps never ex-

ceeded even 10% of the cost.

4. Factors which made project costs greatly exceed the expec-

tation were identified as follows:

a. Depreciation in the value of the U.S. dollar.

b. Estimated cost of drainage works (which according to

farmers was based on guesswork rather than a scientific

inquiry) increased from U.S.$8.2 million to U.S.$44.5

million and yet the Bureau of Reclamation was not confi-

dent to guarantee during renegotiation that revised

estimates would cover full cost of the entire drainage

system in the project area. There was considerable

delay in the completion of the project on this account

alone.

5. The decision to revise the farm ownership limits upward from

an average of slightly less than 80 acres per family to

320 acres, has resulted in increased public subsidy per farm

from U.S.$55,000 to U.S.$220,000 per year.	(This is based
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on the assumption that the farmer pays only 11% of the cost

of irrigation works and the rest is repaid from the surplus

of power revenues.) This according to the author Is diffi-

cult to justify in social terms In view of the historic

reclamation goals of maximizing the number of farm settle-

ment opportunities.

c. A number of authorized projects are held in abeyance and later

permanently shelved or amended under the directives from the

U.S. courts. The number of such cases is on the increase since

enactment of NEPA 1969, which evidently causes long dealys and

much higher capital cost on completion of such programs.

d. The appropriation of funds for major water projects is made on

an annual basis by the U.S. Congress. Although an attempt is

being made by the Office of Management and Budget to protect a

certain minimum allocation for each ongoing program, there is

no statutory obligation.	 This gives a leverage to the U.S.

Congress to entertain more and more of new programs, under

distributive politics for satisfying a wide range of benefi-

ciaries and may be politically viable, but it is detrimental to

the economic efficiencies of many ongoing programs.

e. Under the combined influence of inflation, international aid

and commitments, energy squeeze, pollution control regulations,

and new planning objectives equating enhancement of environ-

mental quality with national economic developments, the cost

per unit of water development is going up rapidly. As a logical
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consequence, the pace of executing ongoing projects is bound to

slow down further, causing additional price hike.

Despite these difficulties, the situation in the U.S.A. is much

easier than in the developing countries where the meeting point between

the needs for water development and actual water development is not yet

in sight.

6.5.4.2 Developing Countries. Here the problems encountered at

each step are disproportionately bigger and more complex. Greater human

strides and painstaking efforts are therefore needed even to maintain

a much slower pace of implementation.	 In their report, Lieftinck

et al. (1968), emphasized that "implementation capacity" is

a scarce resource and there are administrative and organizational limits

to the pace of development and to gloss over these facts would be more

conducive to wishful thinking than to effective planning. This point

was substantiated with the following explanations:

a. The target of the Second Plan (1960-1965) was to cover 50% of

the area under major crops. with improved seed by 1964/1965;

actual achievement was only 11%.

b. In 1965/1955 WAPDA electrified less than 10% of the number of

wells envisaged in the Master Plan target for that year.

The following are some of the visible constraints in planning

and implementation shared by many developing countries:

a.	 Inadequate and inappropriate statistical information is a

serious handicap, both for the formulation of development plan
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and detailed design of project facilities.	 It is also typical

that very low priority is assigned to field studies and investi-

gations to collect comprehensive data which is both accurate

and appropriate for the optimum management of water resources.

As a result of this, most often intuitive planning and feasi-

bility reports of pre-judged alternatives are rushed through

the cycle of processing and approval of the project. The results

of such a situation are conceivably undesirable, as can be seen

from the analysis presented by Bokhari (1975). Projects such as

Khanpur Dam, Kurram Ghari Dam, and Gomalzam Dam, are but only a

few examples of this nature. The scope, period of execution,

and capital cost of these projects have undergone considerable

changes since their commencement. The revised costs are more

than six to seven times the initial estimated costs and most of

them are lingering on for years without being completed.	 In all

such cases, it is found that initial plans were drawn up in a

great hurry on the basis of sketchy data and were not scrutinized

minutely on one pretext or another before the actual commencement

of their execution and allocation of funds. Usually such pro-

jects have to oscillate through the bureaucratic cycle of

processtng for fresh approvals many times, every time the costs

go up but the benefits remain unchanged.

b. Other bottlenecks affecting the progress as well as quality of

implementation according to Bokhari (1975), include, but are not

limited to, inadequate annual fundings, periodical cuts in the
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annual financial allocations, outmoded financial rules, and

regulatory measures for reappropriation of funds, poor pro-

gramming, non-availability of adequate construction machinery

within the country, stringent import regulations and high rates

of import duties, non -availability of standardized materials of

construction, and properly trained labor. According to the

U.S.W.H.S.P.W.S. (1968), improved procedures are essential

and there is need for more on-the-job training, major

tightening and routinTzation of procedures for investigation,

design, land acquisition, contracting, supplying components,

etc. and designing and building the complementary power

distribution network.

c. It is not uncommon that due attention is not paid at the design

stage to the way in which a completed water system is to be

managed. Comprehensive operational manuals containing instruc-

tions for technical operation and administrative managements

are seldom prepared for projects financed locally. Even for a

majority of large projects planned, designed, and engineered

during construction by foreign consultants, these manuals were

not prepared for most salinity control and reclamation projects.

It is therefore possible that inappropriate operation and

administrative management of completed water projects may under-

mine the efficiency and benefits of competently planned and

expertly executed water projects in the developing countries.



2 13

6.6 Ex-Post Evaluation of Water Manaument 

Although a comparatively neglected phase, this is an indispen-

sable part of a systematic water managment and has to be carried out

on a continuing basis as often as the local conditions demand to

achieve the following objectives:

a. To test the validity of assumptions made about those technical,

socio-economic, managerial, and ecological parameters on which

the data is missing or those which are intangible in nature.

b. To test the validity of planning and designing criteria and

concepts, and suitability of modes of execution and post-

project operation.

c. To compare the planned targets with actual achievements.

The unbiased results of such evaluations can be employed gain-

fully in a number of ways such as:

a. To redefine the national objectives and goals for water re-

sources development and management.

b. To improve planning, design, implementation, post-project

maintenance and operation, etc., of water projects.

c. To correct adverse impacts of developments, such "as environ-

mental degradation and social imbalance or political unrest, etc.

6.6.1 Comparative Evaluation of Selected Projects

According to Terry (1963), comparative evaluation of performance,

whether of personnel, products, or projects, may be necessary for

purposes of selection, assignment, or improvement. In the present
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study the objective is to suggest improvements in the management proce-

dures and policies being followed in the less industrialized developing

countries. The projects actually compared are SCARP-I from Pakistan

and WMID from the U.S.A. These are the same projects of which ex-post

evaluation was done in Chapter 5 using "Cost-Effectiveness" approach.

6.6.2 Aspects of Project Evaluation

Out of its experience with lending for development projects,

the World Bank has come to distinguish six aspects of project prepara-

tion which it feels should be carefully considered in any project.

According to King (1967), not all of these are equally applicable to

all projects and some are only rather indirectly applicable, but still

all need to be considered. These are:

1. Technical aspects.

2. Managerial and administrative aspects.

3. Organizational aspects.

4. Commercial aspects.

5. Financial aspects.

6. Economic aspects.

However, equally important are the social and environmental

aspects, which cannot be ignored in the U.S.A. according to the latest

planning objectives.	 In the present analysis, the main emphasis has

been laid on the evaluation of technical, financial, and economic

aspects, but reference has been made to other aspects also where

necessary.
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6.6.3 Technical Aspects

In the present context, the most important technical aspects

are:

a. System design.

b. Conveyance efficiency.

c. Methods of irrigation application.

d. On-farm irrigation efficiency.

e. Salinity control and reclamation.

These are briefly reviewed comparatively for the two settings.

6.6.3.1 System Design. Most of the water systems in the U.S.A.

including WMID, are flexible enough to meet the full needs of diversi-

fied agriculture. Changes in cropping pattern are governed by farmers'

own preference depending upon his soil and market mechanism as water is

seldom a constraint in switching over from one pattern of crops to

another. A series of reservoirs on all the rivers has made water

availability insensitive to the daily, seasonal, and annual flows in

the river as some of the reservoirs have carry over storage also.

The water system in Pakistan including SCARP-I, is characterized

by rigidities, daily, seasonal, and annual variations in the canal

supplies depending on the run of the river, silting and scouring, and

water quality hazards. A Panel of Experts on Water Losses (1972),

observed that average water availability in irrigated areas of Pakistan

was less than one half of that in the U.S.A.
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For the two projects under review, this differential is still

bigger, and as can be seen from the following statistical assessment,

the situation is fast deteriorating in SCARP-I:

1. Matias (1974) reported that average water availability in WMID

during 1961-69 was 6.52 A.F. per acre for the whole project,

11.17 A.F. per acre for the mesa, and 5.63 A.F. per acre for

the valley.

2. In SCARP-I, the corresponding value was 2.71 acre ft. per acre

according to the annual report issued by the Irrigation

Department Punjab (1974). This quantity is made up from canal

and tubewell supplies, so that while canal supplies are variable

depending on the run of the river, tubewells supplies are gra-

dually diminishing due to rapid reduction of tubewell discharges.

If the replacement of damaged/deteriorated tubewells does not

take place promptly the problem of salinity and waterlogging

will reappear.

It is thus clear that water input per acre in SCARP-I is much

less than that in WMID. Therefore, any combination of other inputs will

not bring SCARP-I to par with WM1D, unless the basic requirement of

water is met in full.

6.6.3. 	-inveyance Efficiency. The Bureau of Reclamation con-

ducted a study	 22 irrigation projects in the U.S. The results re-

ported by Matias (1974) put the water conveyance efficiencies of these

systems at 62.4 per cent. Against this, the corresponding value for
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WMID was reported to be 79.4 percent. This is higher than the average

value because of concrete lining to reduce seepage losses.

In Pakistan, U.S.W.H.S.P.W.S. (1964) observed that 45 per cent

of the water diverted at the canal head was lost by seepage and evapo-

transpiration, etc. between the canal head and farm gate. Excluding

about 10% losses in the farmers' ditches (water course) the conveyance

losses in the canal system comes to about 40%, which puts the conveyance

efficiency at 60%. WAPDA and its foreign consultants estimated the

conveyance efficiency to be about 70 to 75%, excluding losses in the

water courses.	 Including the losses in the water courses, the effi-

ciency reduces to 60-65%. More or less the same figure applies to

SCARP-I also.

6.6.3.3 Methods of Irrigation Applications. Flooding of farm-

land is used in both the projects for the present. However, as a

result of extensive field research, laboratory investigations and ana-

lytical studies, it has been demonstrated that other methods of irri-

gation applications such as sprinkler and drip irrigation are more

suited to WMID conditions. These conservation techniques will save on

quantities of water applied per unit area without affecting the pro-

ductivity of the agricultural land. The quantity is likely to be

reduced and the quality of return drainage flow from the district to

the Colorado River is likely to improve. For SCARP-I, however, no such

change can be anticipated in the methods of irrigation applications at

the present level of economy.
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6.6.3.4 On-Farm Efficiency. Average water use efficiency in

the western United States is 57.9 per cent according to the report of

the Bureau of Reclamation referred in the preceding section. Hely

(1969) states that overall project efficiency from the reservoir to

the final irrigation process is hardly 36 per cent. Matias (1974) esti-

mates that in the WMID the efficiency of water utilization is only 32

per cent on the mesa and 83 per cent in the valley, if one assumes

the cropland evapotranspiration as the only water used beneficially.

An advisory committee headed by the Commissioner, Bureau of

Reclamation, was established in 1973 at the direction of President

Nixon to determine and to implement means of increasing on-farm irri-

gation efficiencies so as to reduce drainage return flows from the WMID.

Data on water use, crops, and yields were used by this committee to

determine on-farm irrigation efficiencies for 1970, 1971, and 1972.

'These data reflect average irrigation efficiencies of about 33 per cent

on the mesa farms and 65 per cent on the valley farms, giving a district-

wise average of 56 per cent. However, the on-farm irrigation efficien-

cies in respect of particular crops, such as lettuce, melons, grapefruit,

lemons and some other varieties of citrus which cover 20 per cent of

project area, ranges between 18 to 25 per cent. According to Matias

(1974), the low efficiency in the mesa may not be considered the direct

result of inefficient water management since excess irrigation water

must be applied for leaching requirement and high efficiency in the

valley could probably in part be justified by some water contribution

from the ground water levels, standing at an average depth of about ten

feet from the ground surface.
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In Pakistan, a committee of experts was constituted in 1972,

under a directive of the President of Pakistan, to examine the problems

of heavy losses of water in the existing irrigation system. In the

opinion of this committee, the water utilized by the crops is about

45 per cent of the canal head diversions. The committee observed that

losses in the foreign countries under similar conditions are of the

same order as in Pakistan. The committee also noted that on some

irrigation systems in the U.S.A., better irrigation efficiencies have

been achieved by having pipes or completely lined distribution systems

including the farmers' ditches.

Recent investigations by Clyma and Corey (1974) have revealed

that irrigation efficiencies in SCARP areas in Pakistan may average

less than 30 per cent. Heavy losses occur in the water courses

(farmers' ditches) through seepage, leaky farm turnouts, inadequate

hydraulic capacity, inadequate free board, weak side banks, obstruction

such as trees, weeds, sediments, poor alignment and excessive field

delivery system required to serve the many small fields. According

to Clyma, Arshad, and Ashraf (1375), the range of on-farm efficiencies

can be as low as 20 to 30%. The reasons for so poor efficiencies, in

the opinion of these authors, include unleveled fields, an irrigation

canal delivery system that supplies water at a constant rate 
independent

of the needs of the crops and lack of knowledge on the part of 
farmers

about water requirements of his crops.
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6.6.3.5 Salinity Control and Reclamation. 	In WMID the quality

of irrigation supplies depend upon the salinity in the Colorado River.

Matias (1974) reported that the average salinity ranges between 801 to

933 ppm. This salinity is, however, evenly distributed and within

certain limits remains more or less constant over time. Compared to

this, the salinity index in SCARP-1 is higher. As discussed earlier,

the project was so designed that ground water up to a salinity of 4000

ppm was considered useable by mixing it with canal supplies in certain

ratios.	 In addition to the salinity index per se, other important

parameters such as Sodium Adsorption Ratio (SAR) and Residual Sodium

Carbonates (RSC), etc. were not given their due weights.

For salinity control in SCARP-I, it was anticipated that quan-

tities of water applied to the land would take care of crop require-

ments, leaching the soils, as well as leaching temporary salt build ups

if any developed due to inferior quality of irrigation water. For this

purpose, vertical drainage through tubewells was designed to serve both

drainage purposes by lowering the water table and reclamation by pro-

viding additional water. System design was based on the following,

some stated and some implied, assumptions:

1.	 Illiterate farmer practicing agriculture at a primitive sub-

sistence level shall be able to level his lands, and change

rapidly his farm management to adopt the latest technology and

practices, so that he will derive benefits even from inferior

quality ground water.
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2. Common ditches (water courses) which serve a multitude of share-

holders would be realigned, reconstructed, or rehabilitated to

increase their capacity twice or thrice the existing ones so

that both canal and tubewell water can be delivered without any

wasteful spills or leakage and without interferring with the

working of the outlet at the head of the water courses. Also,

farmer with small fragmented land holdings will be able to

manage effectively increased quantities of water with his primi-

tive farm tools and farm layouts.

3. Shareholders of two, three, and sometimes even more water

courses will easily pool their physical and financial resources

to connect the public tubewells with their own water courses,

by constructing link water courses and all engineering struc-

tures necessary for this purpose. These link water courses

were as long as 3000-4000 ft. in some cases.

4. If found necessary, existing outlets will be bifurcated and tri-

furcated without any difficulty.

5. The mixing between the good quality canal water and poor quality

tubewell waters in the water course will take place satisfac-

torily without providing any special structure for this purpose.

6. The availability of water from the tubewells will be as reliable

in terms of time and quantity as from the irrigation canal, so

that in preparing water budgets, complete integration of the

entire irrigation water supplies within the project area 
and
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total pumpage can be taken for the purpose of planning and

proposed cropping patterns.

7. There are no constraints on account of power shedding during

periods of low river flows, power shut downs, electrical and

mechanical faults and miscellaneous breakdowns and attitudes

of tubewell operators vis-g-vis farmers, etc.

8. Areas with highly saline area were left out on the pretext of

economy and assumption that lateral salt intrusion will be

insignificant and that lowering of ground water levels by

pumping in marginal and fresh water zones would provide adequate

drainage relief to these saline pockets also.

9. If the existing canal supplies fall short of full requirements

of mixing with poor quality ground water, additional water can

be imported by substituting permanent rights on good quality

canal supplies in the upstream areas by tubewell supplies, where

the ground water is of useable quality.

10. The standards of water supply and quality must reflect the

utility of the water under existing and foreseeable conditions

of use, rather than be based upon arbitrary standards derived

from dissimilar environments which commonly represent near

optimum conditions in highly developed economies. The indis-

criminate use of quality of water standards derived from a

highly sophisticated agricultural economy can result only in

rejection of useable water supplies, and consequently land,
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which have great economic value especially in the early

stages of developments.

Contrary to the above intuitive relaxations of standards in

SCARP-I, the water quality standards are strictly adhered to in WMID.

Here all the project tubewells are pumping Into the main drain meant

for the export of drainable surplus.	 It is quite possible that if the

water up to 4000 ppm is recirculated here also as recommended by M/S

T & K (1967) for comparable soil and climatic conditions in Pakistan

and where the total water available per acre of cultivated area is less

than even 50 0/ of that in WMID, the program to construct very expensive

desalination plant in the lower Colorado Basin could be deferred or even

permanently shelved.

For the reclamation of already affected lands, the problems are

almost non-existent in WMID. On the contrary, 0.425 M.A. of affected

land needed reclamation in SCARP-I. About 62.5% of this area was re-

claimed quickly, but thereafter the rate of reclamation became very slow.

In practice while some affected areas get reclaimed, bigger chunks of

fertile lands get affected by the application of inadequate quantities

of poor quality ground water elsewhere. In fact, farmers have already

sought closure of over 200 wells, mainly on the considerations that

their water is unfit for irrigation purposes. As far as drainage is

concerned, tubewells have reasonably succeeded in both the projects.
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6.6.4 Economic Aspects

Water economy as it relates to agriculture is a very complex

phenomenon. Water is one of the variable inputs in the production

function, the marginal utility of which cannot be standardized for all

situations. The contribution exclusively made by water in the total

agricultural production (output) cannot be easily segregated from other

complementary factors of production. Although a number of conceptual

frameworks and models have been attempted to analyze this complex

relationship in a given situation, no attempt has, as yet, been made

to compare the situation quantitatively in two different settings.

The selected unit for comparison in this study is value added

per acre foot of water. As the international price structure for farm

products differs from place to place, the comparison includes quantities

of farm productions where possible. There are two ways to proceed with

this analysis. The first is to assume that relative importance of

water amongst the other factors of the production process is the same

in the two settings. Alternatively, we analyze each situation separately

to assign weights to the contributions made by water in the two settings

and then use these weights in the comparative evaluation. The second

course of action is seemingly more appropriate and, theoretically, may

yield comparatively better results. But the present analysis has been

based on the first course of action for the following reasons:

a. The production function cannot be determined once and for 
ever.

it changes over time depending upon the interaction of 
physical

and social phenomena.
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b. The marginal improvement in the results may or may not

justify huge investment of time and money required to determine

the abstract value of water in the complex gamut of the pro-

duction process.

c. Models applicable to the solution of a theoretical production

function cannot accurately account for natural and man-made

uncertainties and intangible aspects of water management.

Therefore, even after huge investment of time and money, the

end results may again be only best approximations, with little

or no practical significance.

6.6.4.1 Value of Crop Production. Gross value of production can

be determined on the basis of farm gate prices multiplied by total

production and net value is the gross value minus the cost of production.

The average value of production per acre and per acre ft. of water have

been worked out both for WMID and SCARP-I in Tables 6.2 and 6.3.

The values worked out so far cannot be compared unless correc-

tions are applied for the price indices under the two settings. To

confirm these results, the produce of certain common crops will also be

compared in terms of weight per acre, which will also yield 
a comparison

in terms of weight produced per acre ft. of water. There is 
an apparent

difficulty in matching the two situations on the basis of 
monetary

figures (value of crop production). This stems from 
the fact that

while crop accounts are maintained on the basis of 
calender year in the

U.S.A., In Pakistan, the corresponding accounts are 
kept on the basis

of crop-year. To overcome this problem, the figures for a 
calendar
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Table 6.2. Average Crop Value Per Acre and
Per Acre Feet in WMID

Year

Area
Irrigated a

Water Supplied
Per Acreb

Gross Value
of Producea

Gross Value
Per Acre

Gross Value
Per Acre Ft

1966 60,062 6.90 17498604 291. 00 42.2
1967 61,190 6.24 16827140 275. 00 44. 0

1968 60,758 6.52 15302332 252.00 38.70

1969 60,124 6.61 16194972 269.30 41.0
1970 60,756 6.83 14621302 240.60 35.3
1971 61,152 6.89 18098313 296. 00 43. 0

a	 .
b
StatIstical information supplied by general manager, WMID.
Water Resource Management for Part of the Lower Gila Valley, Matias
(1974).

Table 6.3. Average Crop Value Per Acre
and Per Acre Feet in SCARP-I

Year
Area	 Irri-
gated Acres

Water Ap-
plied MAF

Gross Value	 in
U.S.	 millionb

Value/
Acre

Value-Acre
Foot

1965-66 1218510 3.59 44.00 36.10 12.30

1966-67 1153498 2.69 41.00 35.65 15. 25

1967-68 11 76489 2.92 56.20 47.70 1 9.20

1968-69 1241986 3.11 74.00 59.70 23.80

1969-70 , 1196183 3.06 66.00 55.15 21.56

1970-71 1190312 3.00 60 • 55a 51.00 20.18

tAnnual report 1971-72 issued by Irrigation Department Punjab, 1974.
Report of the Special Committee on Working of SCARPS 1974.

Note: For conversion of gross value in Rupees, a conversion factor

of Rs5 - 1 U.S.$ has been applied throughout the analysis for

the sake of continuity.
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year from WMID have been compared with the corresponding figures for a

crop year, which covers part of that calendar year also. The corrected

results of the above analysis are recorded in Tables 6.4 and 6.5.

As reported by the Bureau of Reclamation during 1973, the ave-

rage return per irrigated acre in WMID was $480.22 against an average

of $675.19 for the State of Arizona, $694.94 for California, and $424

for the 17 western states. During the same year, the average return

from irrigation was as low as $116.16 in South Dakota, but even this

was almost twice that for SCARP-I.

6.6.4.2 Cost of Production. Capital and labor inputs into the

land and water management are equal in importance to other principal

factors of production. Although in the developed countries due to

resourcefulness of the farmer and responsive Institutional arrangements,

financial investment into agribusiness to optimize benefits does not

pose any serious constraint.	 In most of the developing countries a

majority of farmers operating at subsistence level find it hard to

muster all means of production which can multiply their farm output.

Therefore, the will of the farmers and that of the governments 
of these

regions to catch up with their progressive 
contemporaries is frustrated

by the forbidding obstacles.

This is also a fact that while in the U.S.A., the 
farmers, ex-

tension service, research organizations, and 
universities are coordi-

nating their activities to innovate new technologies and 
methodologies

and they keep a precise account of all farm costs, 
the need for such

links has been recognized only recently in most 
of the developing
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Table 6.4. Crop Values at Constant Price
(Adjusted Values)

Year

WMID a SCARP-I b

Value/Acre Value/A.F. Value/Acre Value/A.F.

1965-66 299.3 43.40 36.10 12.30

66-67 275 44. 00 35. 00 15. 00

67-68 245 37.6 0 42.40 17. 00

68-69 246 37.2 0 5 1 .60 25.77

69-70 207 3 0 .3 0 46.7 0 18.3 0

70-71 244 36. 00 41.3 0 16.35
a
Price Index for these years have been obtained from Arizona Statis-

btical Review 1974, issued by Valley National Bank of Arizona (1974).
Government of Pakistan (1973).

Table 6.5. Ratios Between the Two Values
(RA and Rw )

Year
Value/Acre	 in WM1DR

Value/Acre Feet	 in WMID
A- Value/Acre	 in SCARP-

R
W
= 
Value/Acre Feet	 in SCARP-I

1965-66 8.33 3.53

66-67 6.25 2.93

67-68 5.80 2.21

68-69 4.76 1.44

69-70 4.43 1.65

70-71 5.90 2.20
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countries. The reasons for this state of affairs are obvious. These

include: poverty and ;literacy of the farmer, office oriented public

functionaries (a style borrowed from their colonial forerunners), and

lack of public resources to undertake intensive research and to imple-

ment these results on pilot projects on an extensive scale to accelerate

the diffusion of scientific and technologic innovations.

A wide variation in the size of land holdings, diversities in

the land tenures and cultural practices, and fluctuations in wages and

prices make it very difficult to evolve a standard framework on cost

of production to cater for all situations. However, attempts are still

made by the governments to work out the cost of producing main crops

per acre, mainly to fix a reasonable cost of the main crops, which

control both the internal and external economies of these nations and

in fact, are the life lines of these regions.

Recently a report has been issued by the Government of Punjab

(197 4 ), the results of which are compared with the corresponding

figures for Yuma County of Arizona, including WMID in Table 6.6.

Table 6.6.	 Cost of Production During	 1974

Crop

WMID	 (Yuma)a SCARP-1	 (Punjab)b
Cost of Pro-

Yield/Acre	 duction/Acre Yield/Acre
Cost of Production/Acre

A

Wheat

Cotton

4500 lbs

1250	 lbs
lint
2065	 lbs
seed

$ 92.20

320.20

1782	 lbs

N.A.

850 lbs seed

	95.0	 47.50

	

95.0	 47.50

aField Crop Budget Yuma County 1974, by Hawthorne et al.
b
Report of the Government of Punjab (1974).
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6.6.5 Financial Aspects

The following comparison of financial aspects also includes

some limitation of this analysis:

1. Water charges are levied on the basis of quantity of water

supplied to the farmers in WMID, but in SCARP-1, it is charged

on the basis of acres of land irrigated by the farmer during a

crop season. Again different rates per irrigated acre are

charged for different crops, so that there are almost as many

rates as the number of crops sown in SCARP-1. Efforts are,

however, being made now to introduce flat rates irrespective

of crop sown to simplify the process of assessment as well as

collection of water charges.

2. While in IA/MID the management of the district, including the

levy of water charges is with the administrative set up formed

and governed by farmers themselves, their counterpart in the

developing countries is a public agency such as the Irrigation

and Power Department, etc. Therefore, in IA/MID there is both

increase and decrease in the water charges from time to time

depending upon the will of the farmers expressed through their

vote. The considerations governing the water charges in SCARP-1

are naturally different as here, the government is bound by

social and political considerations to follow a uniform set of

rules for similar project areas spread across the country, even

If market mechanism dictates otherwise.

3. While MID is financially self-supporting as not only all

deficits on account of water revenues are made good by sale of
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power, large capital formation also takes place, to undertake

renovations, improvements, extensions and to service repayment

of cost to the Bureau of Reclamation for a portion of the irri-

gation structures. On the contrary, the supply, distribution,

and sale of power is centralized in Pakistan with the Water

and Power Development Authority, so that SCARP-I is one of its

customers and all financial subsidies in the management of

water resources are underwritten by the government. But for the

balancing effect of power revenues, hardly any irrigation pro-

ject in the U.S.A. would be financially self-liquidating not

even the outstanding ones like the Salt River Project in Arizona.

On the contrary, most of the irrigation systems in Pakistan,

excluding SCARP-I tubewells are financially self-supporting

and in fact many repaid their investments more than once, to

the British investors.

4. The international buying power of the dollar has remained rela-

tively stable compared to fluctuations in the value of Pakistan

rupee, during the early 1970's which ultimately led to its

devaluation during 1972-73.

Finally, the position can be summarized in the following two

statements:

1. Water used for irrigation agriculture is underpriced all over

the world. In the U.S.A., great pressure is being exerted by

industrial economists for the application of market mechanism

to all types ofwater uses. It is doubtful though that things
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will change so soon. However, far into the future, technology

may reach a stage when consumptive use of water for crop pro-

duction may scale down substantially so that agribusiness be-

comes insensitive to repricing of water inputs. There is al-

ready a tendency at least at the research level, to substitute

technology and management for some inputs including water.

The land retardation program in the U.S.A. is a practical step

in this direction. This program may help American farmers to

hold prices of farm products above a certain level, but ulti-

mately, it is bound to affect the world food reserves. Instead

of land retardation, the world needs more storages to keep in

reserve all the surpluses of today for their use tomorrow.

2. While all shortfalls in the water revenues are made by sale of

power in 'MID, in SCARP-I there is on the average an annual

public subsidy of U.S.$2.75 million, which on a per acre basis

comes to U.S.$2.10 per annum. This is in addition to subsidy

in fertilizer, pesticides, private tubewells, and support price

of farm products, etc.



CHAPTER 7

DISCUSSION ON COMPARATIVE STUDY

7.1 Summary of Results 

The results of the comparative evaluation are recapitulated

here, along with some additional factual information:

1. The water system feeding WMID is flexible enough to meet ade-

quately farmers' demand for water throughout the year. The

minimum water rights are insured and provision for additional

quantities of water exists. On the contrary, the water system

in SCARP-I is inflexible and water rights are not guaranteed in

quantity. The average annual water usage per acre in IMID is

6.52 acre ft. against 2.71 acre ft. in SCARP-I. While the quan-

tity of water available to WMID appears to be stable, it is

continuously diminishing in SCARP-I due to deterioration of well

capacities. The economic life of project wells has turned out

to be 10-15 years against an anticipated life of 40 years.

2. The quality of water applied for irrigation in WMID is superior

to that in SCARP-I. All of the 107 tubewells operating in WMID

are for drainage purposes and pump directly into a concrete

lined main drain for disposal into the Colorado River.	In, 1971,

the average annual salinity of return flow from WMID was 3653,

the whole of which could be used for irrigation purposes,

according to the water quality standards adopted by MIS T & K

233
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for SCARPS in Pakistan. The salinity level of all wells appear

to be improving further with time. Apparently highly saline

ground water is being replenished by less 
saline recharge water.

Improved on-farm water management suggested by Schilf-

gaarde et al. (197 )4) and water quality standards recommended by

MIS T & K could be attempted in WMID to control the salinity of

Colorado River entering Mexico, instead of a desalination plant

and other measures authorized under Public Law 93-320. This

could save a capital investment of about U.S.$155 million in

addition to an annual recurring saving of about U.S.$10 million

needed to maintain the structural facilities created for the

salinity control. Complete stoppage of irrigation supplies to

60,000 acres in WM1D or taking out the mesa area from cultiva-

tion and adoption of on-farm water management suggested by the

Bureau of Reclamation are other possible alternatives, which

can help in delivering Colorado water to Mexico at the speci-

fied level of salinity.

In SCARP-I, despite the equally serious problem of

waterlogging and salinity of soil and water, there is no

arrangement for exportation of salts. Marginal and poor

quality tubewell water is circulated for irrigation use even

where there is inadequate canal water for dilution. This

increases the salinity hazards as confirmed by soil surveys.
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3. The water distribution system is very simple in WMID. Most

farms have their own farm canals (called water courses in

Pakistan) which are lined and have properly designed structures

for water control.	 In SCARP-I, as anywhere else in Pakistan,

water courses are unlined and each serves a large number of

farmers. These water courses cannot be maintained properly

due to shared responsibilities. Water control in SCARP-I is

also by temporary earthen structures which provide inadequate

control and require excessive maintenance. The water courses

are unduly long with poor alignments. Seepage and leakage

losses in highly porous areas may be as high as 50%. Siltation

Is also a major maintenance problem.

The problems of water distribution have been aggravated

further by several long delivery canals (link water courses)

originating at one public well to connect it with 3 to 4 farm

water courses. These link canals bisect and trisect small

farms rendering unproductive sizeable areas and yet the

affected plots may or may not get water from the public tube-

wells. This causes social inequities. The construction and

maintenace of long link canals and rehabilitation of farm

water courses to carry both tubewell and canal supplies simul-

taneously has proved to be beyond the capacity of this poor

farming community.
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4. Conveyance losses are lower in WMID compared to SCARP-I due to

concrete lined canals, which improve the operation and main-

tenance of the system. Also this facilitates the metering and

gauging of flow at various points. The earthen canal system

feeding SCARP-I on the contrary suffers from siltation, scouring,

meandering, shoal formation, and bank erosion. Against 21 per

cent transmission losses in conveyance system for WMID, about

30 per cent is lost in the case of SCARP-I, where canals re-

quire an annual head to tail inspection for repairs.

5. Water is not being used efficiently in both the projects.	 In

economic terms, an acre ft. of water brings a higher return in

WMID. The difference becomes only marginal, however, if instead

of dollar value, the basis of comparison is quantitative output

of various crops. The situation is, however, quite different

for return per acre of cropped land. Here the differential

ratio "RA" ranges from 4.43 to 8.33, and even after correction

for price difference it remains still very high. This clearly

shows that the combination of inputs into the production func-

tion, other than water, is more favorable in WMID than in

SCARP-I.

6. Financially, both projects are not self-sustaining. WMID is

subsidized by revenues from the sale of electricity and SCARP-I

by public funds. For any major alternations, WMID uses power

revenues, and in SCARP-I, capital investment is made by the

government.
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7. Administrative management is by a privatc organization for most

of irrigation projects in the U.S.A., including WMID.	 In

Pakistan, management is entirely in the public sector inclu-

ding the management of SCARP-1. The operation and maintenance

cost per unit of area as well as water is higher in WM1D than

SCARP-1.

8. A number of federal and state agencies and institutes are

actively engaged in research on specific problems of WM1D.

Alternative methods of irrigation application are being studied

to improve on-farm irrigation efficiency and reduce the salin-

ity of return flow reaching the Colorado River. Scale of

corresponding research is much lower in Pakistan.

7.2 Discussion 

The results of the analysis summarized in the previous section

are discussed here to identify those constraints in SCARP-1 which can

be and those which cannot be removed under present conditions.

7.2.1 Rigidity of System Design and Irrigation Efficiency

Neither the original canal system nor the integrated surface

and ground water development have produced a water system in SCARP-1

which is flexible enough to meet full water requirements of a diver-

sified agriculture. Optimal control of irrigation water application

envisaged by Fogel, Duckstein, and Kisiel (1974) is made impossible

by the following factors:
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1. Time of water application cannot be regulated. 	 Irrespective

of the climatic conditions and stage of plant growth, this

time is fixed at a cyclic interval of 7 days.

2. The quantity of water available cannot be regulated on the

basis of crop requirements. Farmers have three options:

(1) accept whatever is coming in the water course, (2) forego

their turn completely, or (3) negotitate privately with some

other farmers to barter their turns. In any event the quantity

of water needed by crops and amount delivered may match only

accidently.	 If it does not, nothing can be done about it.

3. Method of application cannot be changed from the centuries old

flooding system to drip or sprinkler irrigation without com-

pletely relaying the whole of distribution system. Therefore,

even if an individual or a group of innovative farmers want to

use some other method, they cannot do so.

4. The existing water system cannot supply adequate water to sus-

tain a cropping intensity of 150%, let alone leaching require-

ments to reclaim the areas already affected. The highest

intensity recorded so far is 105% and chances for raising it

further are very rare. Even for this low intensity scientific

land and water management was made difficult by the system's

rigidities.

5. Total water availability depends upon three uncertain elements.

These are: uncontrolled river flows, unpredictable natural

precipitation and unreliable tubewell supplies. Although
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annual forecast for the whole system is attempted, there is no

way to predict exact water availability in a certain project

area such as SCARP-I, for a vriety of reasons, including non-

standardization of overall system operation, gradually dimini-

shing discharges of public tubewells and no institutional

arrangement to monitor hydrologic changes.

The basis for day to day, weekly, monthly, and seasonal opera-

tions and regulation of canal and tubewell supplies are the demand

statements prepared by the lower functionaries of the Irrigation De-

partment mostly based on past experience and intuitive knowledge rather

than any scientific inquiry. Traditionally, this aspect of water

management is too much under the influence of civil/irrigation engineers

rather than agriculture scientists or agronomists.

Consequently, the illiterate farmers of low economic level

cannot take any risk to adopte innovative technologies. To avert

facing uncertainties and consequent losses, farmers perpetuate their

cropping pattern, unless repeatedly convinced of assured gains in

adopting a change. Even then he moves witH caution and makes his own

pilot project to verify the impact of such changes.

M/S T & K projected that crop yields in the salinity control

and reclamation will increase three to four fold on full development.

Actual achievements have been much lower as can be seen from the com-

parison in Table 7.1.



Current Yields in	 Projected Yields	 Actual Yield
WMID (lbs)a	 in SCARP-I (lbs)bCrops (lbs)c

240

Table 7. L Comparison of Actual and Projected
Crop Yields in SCARP-I

Wheat	 4900
	

3321	 1780

Cotton Seed	 1800	 2673	 8 00
a
Statistics supplied by General Manager WMID

bRegional Plan, Northern Indus Plains, Vol II by M/S T & K (1967)c
Report of Special Committee on the Working of SCARPS (1974)

To reach the projected yields in SCARP-I, the following condi-

tions need to be met:

a. The quantity of water applied and its timing must be based on

crop needs.

b. The quality of water used for irrigation application must be

based on actual on-farm management and not on hypothetical

considerations having no relations to real life conditions.

c. On-farm irrigation efficiency must be increased to at least the

same level as in WMID as projected yields are very close to

the existing crop yields in this project.

d. Other physical, material, and technological inputs must be

provided at the same scale as in the WMID and other projects

being managed scientifically in the developed countries.

Leaving the other requirements aside for the moment, possible

means to attack the rigidity of the system are identified below:
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1. New dams can be constructed to regulate flow of the river.

This is not an altogether new proposal. A number of possible

damsites have been recommended for field investigation. A time

schedule for investigation, planning, and implementation need

to be prepared.	 In fact, damsites conceived as replacements

for Mangla and Tarvela should be explored as early as possible.

The long range salvation of Pakistan lies in moving fast in

this direction. This is true that both internal and external

financial resources will offer the biggest constraint to imple-

ment this proposal. But the world at large has to do something

about this.

Construction of Kalabagh dam as well as the raising of

Mangla is urgent both for water and power purposes. Much of the

progress in the agriculture sector is held back due to non-

availability of adequate power on points of emergent use and

in time of express need. Repeated power failures can be

disastrous to agricultural as well as to the industrial sectors.

2. Existing barrages should be gradually reduced to diversion

structures with the main regulation shifted to dams. This

should receive high priority.

3. All irrigation channels and water courses must be lined in

highly permeable reaches to reduce transmission losses. Linings

developed by the Irrigation Research Institute should be em-

ployed initially.
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4. Information collected for land reform in respect to number and

size of land holdings, type of land tenure, revenue law appli-

cable to transfer of property on sale, mortgage, gift or by in-

heritance on the death of owner, need to be analyzed to consider

suitable improvements to eliminate long drawn litigation and to

assist the consolidation of smaller scattered uneconomic land

holdings into compact economic blocks of 250 to 350 acres on

a cooperative or corporate basis. This will reduce the number

of shareholders on a canal outlet and public tubewell from

over 50 to only 2 or 3. A number of distribution problems being

faced now in the system will be automatically eliminated in

this way so that on-farm efficiency will improve.

To bring further improvement, each such cooperative unit

can be prompted to have a number of its own small tubewells, or

one big tubewell which will be independent from the fixed roster

of the canal as well as public tubewells and can be operated

strictly according to crop needs. A suitably designed field

extension service can assist the farmers in determining the

time of water application and appropriate use of other farm

inputs in combination with water to optimize farm output.

Comparative evaluation of public and private tubewells 
in Paki-

stan as well as India disclose that while public tubewells and 
canals

are both inelastic as far as water availability is concerned, private

tubewells can be operated and closed by the 
farmer himself depending

upon his needs. At present, private tubewells are 
hardly operated for



243

25 to 35 per cent of time. By proper training and education, the

farmer can be made aware of the tremendous benefits in pumping more

water to meet full water requirements of his crops. This will improve

the flexibility of the overall system considerably.

In new areas, planning and design of a tubewell can be done in

the public sector with farmers invited to form cooperative units to

install their own tubewell.	 If they choose, a tubewell may be installed

by a public agency and after a trial period transferred to the coopera-

tive unit for permanent operation and management. In areas of doubtful

water quality, tubewells may be installed in the public sector and

their pumpage put into irrigation canals for reuse after mixing and

directly disposed of into a drainage channel, if too saline and unfit

for use.

There is a need to look into the methods of irrigation appli-

cation also. The present plot sizes are too small for optimum manage-

ment. Plots of proper size can be altered after the formation of

copperative units. Where the present method of irrigation by flood

has to be continued, cooperative units must be induced through appro-

priate incentives and education to level their lands and straighten

and line their water courses. Where local topography does not permit

precise levelling, alternative methods of irrigation must be tested

for ultimate adoption.

Grant's (1967) concept of carrot, stick, and consensus can be

attempted to promote the campaign for cooperative agriculture. The

fiscal, monetary, and taxation policies must be geared accordingly.
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Both in the socialist and market economies, farm units have grown

larger during the last decade to maximize farm output. The commun

units in China, the state and cooperative farms in Hungary and other

European countries, and corporations of the U.S.A. are all designed

to benefit from the economy of scale. In Hungary, the average size of

state farms is 6600 hectares and individual farms are larger than

10,000 hectares. There is thus no reascin why a serious effort in this

direction cannot succeed in Pakistan.	 In fact, there is no way out,

if agriculture economy has to sustain the country.

7.2.2 Salinity Control and Reclamation Program

The expectations from the salinity control and reclamation

program launched in Pakistan could be only partially met due to a

number of reasons. Some of these are discussed below.

7.2.2.1 Conceptual. 	Socio-economic, cultural, and technical

constraints recognized during the identification of the problems were

either totally ignored by planners or assumptions were made to by-pass

them. This can be easily understood. MIS T & K were perhaps never

exposed to so complex situations before. The type design adopted by

them might have performed better in an American setting, with which

they were more familiar.

The investment of time and money required to learn more pre-

cisely the interaction of physical and social factors in the local

setting was not economically feasible. As a result of this,

foreign concepts and criteria were transplanted in a totally unmatched
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environment. The consultants had a free hand as there was hardly any

provision for their accountability to WAPDA, which was their employer.

Specific omissions in the process of planning and design are explained

in the following paragraphs:

1. The ground water aquifer was considered continuous and homo-

geneous having a specific yield of 0.25 in the design and

location of tubewells in these projects. This resulted in

tubewells of much higher capacity than could fit in the local

environment. Except for minor changes, the type design was

the same as being followed in various irrigation and drainage

projects in the U.S.A.

2. The capacity of tubewells was designed high on the basis of

peak demands of the proposed cropping pattern during a very

short period of plant growth.	 In this way, the overall utili-

zation of these tubewells was fixed at 40 to 50% of the

installed capacity. This particularly resulted in under

utilization of the over-capitalized hardware facilities in

the earlier years when the cropping intensities were low. But

later on when demand for additional water built up, the quality

and quantity of pumpage degenerated so much that these demands

remained unmet, even at a cropping intensity much lower than

planned for ultimate development.	 In SCARP-I, for instance,

water availability is inadequate even for 110% cropping inten-

sity, let alone the planned target of 150%.
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3. Water quality standards for irrigation supplies were fixed

arbitrarily without any experience of comparable conditon.

Standards recommended by the U.S.D.A. for most modern land and

water management were further relaxed for primitive farming

practices on small, uneven plots managed by mostly illiterate

and less resourceful farmers thriving on their subsistence

level agriculture. This was a very damaging adhoc decision.

4. Water with salt concentration up to 4000 ppm was considered

fit for irrigation applications, after mixing with canal

supplies. Due to non-availability of past experience and pre-

cedent of such a large scale mixing, structural facilities to

ensure proper mixing was not included in the project itself.

And whatever was provided, proved inadequate. It is difficult

to understand the logic behind this move. When in WMID or any

other project in technically advanced societies, salinity of

irrigation water even up to 1000 ppm is considered unsafe for

general application, particularly when the cropping intensity

is planned to be 150%, how salinity of irrigation water up to

4000 ppm became safe for conditions obtainable in less indus-

trialized developing countries.

5. This water classification scheme ignored other important param-

eters of water quality control such as Sodium Adsorption Ratio

(SAR), Residual Sodium Carbonate (RSC), and Boron, etc. Large

areas have been already affected in locations where the salin-

ity of water .is low, but SAR and RSC are higher than safe limits

for the type of soil and water management practiced.
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6. The provision of main drains to expoert salt were provided in

the tentative reclamation program drawn up by WAPDA and en-

dorsed by U.S.W.H.S.P.W.S. (1964). However, to economize on the

cost of this project, the concept of salt exportation was ex-

cluded from the project design. This was a serious omission as

increase in salt concentration both in the soil and ground

water is inevitable due to the closed recirculation of water

having poor or marginal quality. This happened in WMID during

1920-1952 and M/S T & K were fully aware of this catastrophic

situation.

7. Averages were used to determine the quantities of tubewell

water, which if mixed with available canal supplies would yield

a mixture which according to the relaxed standards would be

harmless. This did not work well in practice. At many places,

enough canal supplies were not available for mixing and at

other places arrangements for proper mixing did not exist, even

if sufficient canal were available.

7.2.2.2 Design and Construction. Despite corrosive nature of

the aquifer, mild steel pipe strainers were used, which had life much

shorter than stated by the foreign contractor for this project. The

reaction of the local experts against the mass scale use of mild steel

strainer was taken lightly. Although each tubewell is a discrete pro-

ject, both at the design and execution stages, proper weight was not

given to the local conditions which distinguish individual well 
sites.

This aggregation no doubt helped in installation of the 
project wells
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within the shortest possible time but their usefulness was obviously

limited. Also the early completion of civil works and tubewells did

not bring in the benefits as there were long delays in the energization

of these tubewells. Same material for strainers and same type and

grading of shrouding material in different types of aquifer formation

has also played a signficant role in reducing the economic life of

this project.

7.2.2.3 Distribution and Managerial Problems. With the com-

missioning of tubewells the project was declared as completed, without

realizing that physical means to convey the pumped water to the point

of use did not exist on the ground. Most of the tubewells were meant

to serve 2 to 4 outlets, and as discussed earlier, hundreds of small

farmers were to share the tubewell supplies. This involved construc-

tion and maintenance of long link water courses connecting tubewells

to the farmers' ditches and rehabilitation of water courses to carry

water twice to thrice their present capacities. A number of on-farm

changes were also necessary for efficient utilization of supplemental

water. This required time, money, and machinery, which the majority

of farmers could not afford to invest, so that a large number of even

the commissioned tubewells could not be put to any profitable use.

Superimposed over these inadequacies were the pattern of tube-

well operation in the public sector, their frequent electrical 
and

mechanical breakdowns, long delays in carrying out major 
repairs, late

replacement of damaged or deteriorated wells, power 
shut downs and
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behavior of tubewell operator, which resulted in under utilization of

the over capitalized hardware project facilities which had limited life.

7.2.2.4 Lack of Farmers' Enthusiasm. Up to completion of tube-

wells, farmers were not institutionally involved in this development,

with the result that they were not fully aware of their responsibilities

and contributions. Consequently they did not feel obliged to pay even

for the operation cost of project wells and went to the courts against

the levy of enhanced water rates. More and more farmers are now opting

to discontinue the use of those public tubewells which are pumping

hazardous water. Already about 200 wells have been closed and many more

will have to be closed down soon. Some of these farmers are interested

in installing their own shallow tubewells which pump out comparatively

good quality water and are much more efficient in financial and economic

terms. The complex managerial problems associated with deep public

wells are also totally absent in these cases.	It is, however, important

to continue operating all these public wells as a drainage measure and

export their effluent through horizontal drains to restore a salt

balance in the project area. Their closure may again result in appea-

rance of waterlogging in these areas.

7.3 New Management Concepts for Salinity Control 

A number of greenhouse lysimeter studies have been conducted

by the U.S. Salinity Laboratory since 1960, to ultimately claim that

irrigation can be managed in such a manner that crop yields are main-

tained, while the total salt discharge in the drainage water is sub-

stantially less than that found in the traditional management practices
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hitherto followed. The directions of these exploratory efforts no

doubt are most appropriate in the face of the water and soil salinity

hazards becoming widespread in most of arid and semiarid regions.

There is, however, need for caution as it does not take much time to

salinize soil and ground water but extreme costs and sustained efforts

may be required to reclaim the affected soil.

The approach suggested by Schilfgaa -r de et al. (1974), is briefly

narrated below:

1. Irrigation agriculture can operate successfully without the

attainment of a salt balance (salt balance is a central point

in the current land reclamation technology), by irrigating with

the lowest leaching fraction (L.F.) values possible commensurate

with satisfactory crop growth. Research and modelling studies

conducted by Oster and Rhoades (1974) and Rhoades (1974) are

reported to support the contention that minimization of the

L.F. reduces the return of applied salts in the return flow,

it maximizes the precipitation of carbonates and gypsum minerals

in the soil, minimizes soil mineral weathering and the disso-

lution of salt previously deposited in the soil and it reduces

the salt pick up from deeper underground resources. The pre-

diction of such reaction can help reach appropriate irrigation

management decisions relative to leaching requirements more

objectively than was heretofore possible.

2. With high frequency irrigation (sprinkler and drip irrigation)

the storage of soil water between irrigations becomes less
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important to meet crop needs. More or less independent of the

soil property, sufficient water can be supplied continuously

to maintain the bulk of the root zone at a relatively higher

water content, while the deep percolation rate need not be high.

3. Specifications for new management systems include close control,

irrigation supplies uniformly distributed with minimal losses

and metered application rates.

The following general observations can be made on the new

concepts just described:

1. The claims of the new management techniques are based on the

outcome of controlled experimental studies, which on actual

field trial may or may not perform so well, at least in the

beginning.

2. There are a number of questions for which proponent of the 
new

concept have not supplied answers. These are:

a. How the new management concepts are affected by 
factors

such as climatic conditions, nature of 
salts present in

• the soil and water (irrespective of their 
concentration),

and the level of soil fertilization, etc.

b. If the earlier concepts of salt balance are 
not sound, why

have previous curves and 
equations been employed to verify

the truthfulness of a totally contradictory approach?

c. What is the correlation coefficient 
between the results of

the experimental layouts and actual 
field conditions met

in different countries of the world?
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d. While lysimeter studies forming basis for new proposal

assume a steady state condition, in real life this is not

so easy to achieve. All adjoining lands are not under one

crop for many years at a stretch. Different crops are sown

on the same plot and there is always a fallow period

between two crops. These events prolong the transient stage

far beyond the period observed on the controlled lysimeter

experiment where perennial crop of alfalfa was maintained

throughout the currency of the experiment. Under such

cond1tions, what correction factor or safety factors must

be applied to the experimentally established value for salt

concentration in the drainage water, so that under the

worst possible exigencies, the crop damages are minimal?

c. Most of the chemical processes are reversible.	 It should be

true for precipitated salts as well. So there should be

a physical limit to which a unit volume of given soil struc-

ture could allow precipitation to continue. What is this

limit for different soils?

f. In 50 to 100 year periods, the bulk of precipitate may

result in physical overgrowth within the body of the 
root

zone. What will happen to the soil structure, 
particularly

if sodium salts are precipitated?

g. How will the precipitated salt react chemically to 
the

solutions of various fertilizers, pesticides, and 
other
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chemical additives in case of sodic soils having high con-

centrations of sodium on their cation-exchange complex?

h. How can the soil properties be by-passed in any irrigation

management to control salinity. 	 In fact, unless the soil

characteristics are fully known, the rate of infiltration

will not be known. Consequently, it would be impossible to

fix the rate of water applications, which is just appro-

priate for a given area. The amount of water added in

excess of infiltration rates would yield rates of deep

water percolation higher than desireable and lower appli-

cation rates may create drought conditions and higher salt

concentration in the root zone.	 In either case the yield

of the crops may be affected and salt build up in the soil

may reach a critical level.

i. The high frequency irrigation applications may function as

expected in case of medium textured loamy soils, but in

thick clayey soils where the infiltration rate may be very

low, there will be many difficulties in designing a system,

which can deliver appropriate quantities of irrigation

water sufficient for consumptive use as well as leaching.

Bernstein (197 )
4) suggests that where fine-textured soil

has such a low infiltration rate that it is difficult to

get enough water into the soil to meet even evapotrans-

piration requirements, let alone any excess for 
leaching,

only those crops should be grown for which evapotranspira-

tion is sufficiently less than attainable infiltration to
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achieve the necessary crop production, drainage, and

salinity control. This may also mean growing crops that

are more tolerant to prolonged irrigation to increase

attainable infiltration. The answer to this question needs

to be verified by extensive field research.

3. Proposed recommendations may prove helpful for designing a new

program or in situations like WMID where there is no dearth

of resources and technology to try these concepts on a large

scale. The inelasticity and rigidity of the existing water

system in SCARP-I make it difficult to try these techniques

there. However, these concepts must be tried at least experi-

mentally at more than one place in SCARP-I as well as in

SCARP-11.

7.4 Water Economy 

Return per unit of water consumed in the agriculture sector

depends on a number of factors outside the domain of the water sector.

The reason for the wide gap in the output of the two projects, namely

WMID and SCARP-I, is obviously more due to contribution made by the

factors of production lying in the domain of agriculture 
rather than

water. The suggestions made by the Government of Pakistan 
Agricul-

tural Inquiry Committee (1975) in this regard are very timely. 
One

could not agree more with the diagnosis of the problems, 
but the

following observations can be made to supplement the 
recommendations

made in respect to water management:
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1. Scientific on-farm water management will not yield optimum

results unless the small farm units are merged in cooperative

units of 200 to 300 acres. With the existing sizes of land

holdings even 50% benefits of realignment and lining of water

courses, lining of canals, levelling of fields and rectangula-

tion, etc. cannot be realized due to economy of scale. Garden

farming on the pattern of Japan is another alternative, which

can be attempted with small holdings, but that is possible when

natural precipitation is sufficient to take care of crop re-

quirements or water availability is unlimited.

2. The process of land consolidation and settlement are time con-

suming. Necessary institutional and statutory changes must be

implemented to expedite the completion of these operations

within the shortest possible time.

3. Serious efforts must be made to reclaim fertile lands in the

district of Jhelum, Rawalpindi, and Campbellpur which are badly

eroded and despite their location in the high rainfall area,

cannot be brought under cultivation. Rainfall harvesting and

runoff agriculture techniques as discussed by Adhoc Advisory

Panel of National Research Council (1974), can prove useful to

develop vast areas lying total unproductive in 
these regions.

4. Extensive research to prolong the economic life 
of small and

big dams under conditions prevalent in Pakistan 
is needed. The

problem of siltation is very serious and due 
to the peculiar
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geographical locations, the conventional methods of watershed

management do not generally apply.

5. Hydropower must be generated at the outfall of all link canals

constructed under the replacement plan where a fall of 10 ft.

or more is available. This power will be an asset during

periods of low flows in the river.

7.5 Financial Analysis 

According to the annual budget figures, total expenditure

during 1971 was U.S.$1,253,664 in WMID against $1,598,840 in SCARP-I.

In both cases the cost of power consumed in pumping tubewells is ex-

cluded. On the basis of per acre foot and acre basis, the following

picture emerges.

Table 7.2. Cost of Operation and Management

WMID U.S.$	 SCARP-I U.S.$
(Tubewell portion only)

Cost/Acre
	

20.00	 4.75

Cost/Acre Foot
	

3.00	 1.00

The revenue figures of the two projects cannot be compared

precisely as in WMID, revenue from power sale is mixed with the other

revenues and general taxes. On the contrary, in SCARP-I power is the

largest component of expenditure, and the main revenue comes only from

water charges and a small portion from reclamation fees. Also, the
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complication is introduced by different water charges for different

crops and double water charges on some tubewells and single on others

in SCARP-I. One thing, however, is clear that operation and management

costs in WMID are very high compared to SCARP-I, which makes a case for

a closer look at the organizational arrangements in SCARP-I to improve

its production capabilities.



CHAPTER 8

CONCLUSIONS AND RECOMMENDATIONS

8.1	 Conclusions 

The history of water management has been reviewed to highlight

the gap between available knowledge and current practices and to find

ways and means to bridge this gap. Critical review of current policies,

strategies, objectives, technologies, methodologies, and practices has

led to the identification of the management constraints under different

socio-economic conditions. The following conclusions have been drawn

from this research study:

1. The history of water management is the episode of socio-

economic and cultural development of the human race itself. A

number of early civilizations flourished or perished depending

on how good or how poor their management of water resources was.

2. Present day water management has its roots in the post-indus-

trial revolution events. New techniques made it possible for

engineers and planners to undertake larger and more spectacular

works. Gradually the patterns of water demand and supply

changed with changing life styles. Consequently, uniobjective

planning for single projects to serve single purposes gave way

to multiobjective planning to combine a number of purposes such

as irrigation, water power, navigation, flood control, hydro-

power, municipal and industrial uses in single projects.

258
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3. On a global scale, agriculture has continued to remain the

biggest consumer of water. As the days of plenty pass-by, it

has to bear the biggest brunt as water will be viewed as a

factor input of the production process, more so in the countries

with industrial economies, and priced and allocated according

to economic principles prevalent in these countries.	 In the

advanced regions, water and capital technologies can serve as

substitutes for each other to defer the pending crisis due to

water shortage much beyond the year 2000. In the developing

countries, the interaction of technology and resources is not so

clearly understood as yet.

4. During the last two centuries the pattern of water management

followed two distinct courses.	 In countries with home rules all

of which happen to be in the developed regions of the world,

technology was better employed to produce superior water re-

source systems which were flexible enough to accommodate all

subsequent changes in the scope of these projects. No cloubt

initial investment was higher in these works, but their long

term benefits were also manifold and adverse consequential ef-

fects minimal.	 In the developing countries, and particularly

those which were under foreign rule during this period, the

rulers seemingly were interested in making the barest minimum

investment, to derive maximum financial return as quickly as

possible. Consequently, the resulting water systems are charac-

terized by inelasticities and rigidities to accommodate any
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subsequent technological advancement.	 The facilities provided

in most cases serve a single purpose, irrigation only and re-

sources are committed to a very low level of production capa-

bility, irrespective of vast potential for large scale socio-

economic development. The repercussions of such lopsided

resource managements are extremely serious.

The situation is again different in those colonies which

were ruled by a foreign ruler of the same origin as the subject

of state. This in particular refers to countries like Austra-

lia and Canada. Comparing the contemporary developments of

water resources in India, Australia and Canada this distinction

comes out clearly. While dams were being planned and built in

Canada and Australia, only diversion weirs could be conceived

for India by the same King of England. The long range impacts

of these two modes of resource development are speaking for

themselves today. These are: low education, research and tech-

nology level, and low economic resource base. Agric-economy

though the backbone of national economies, agriculture is hardly

at the subsistence level in the developing countries.

5. The objective of restricted development, coupled with total

absence of the accountability of public functionaries and ex-

post evaluation of development program, the adverse impact on

the environmental aspects were totally neglected in the water

systems constructed by the foreign rulers in these colonies.
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The point at issue is waterlogging and salinity in portions of

India which later became Pakistan.	 If instead of symbolic in-

vestigations, concrete measures were promptly taken, the pro-

blem could not assume such an alarming size that now the cost

of remedial measures is much more than the total cost of the

original irrigation system itself. This problem became visible

as early as 1865, but till 80 years later it could not be elim-

inated completely. There is no such parallel case in the devel-

oped countries.

6. Imprints of European diversities can be clearly seen in the

earlier patterns of water managements in different parts of the

U.S.A. inhabited by different cultures. However, the cycle of

socio-political events, economic growth, technological innova-

tions, changing life styles, and growing concerns for environ-

mental quality created unique challenges, ultimately resulting

in the evolution of the latest Principles and Standards for

planning water and related land resources which, for the first

time in the human history, have put the national economic

development as a co-equal objective with the enhancement of

environmental quality. How far these objectives can be actu-

ally realized, is yet to be seen.

7. The current stage of society in the less industrialized devel-

oping countries is a product of different sets of political and

cultural evolutions and socio-economic growth. Consequently,

the demands and supplies of water have altogether different
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types of obligations to meet. Unlike the U.S.A., agricultural

needs are still supreme, concern for environmental quality is

less apparent, recreational needs are limited, and life itself

is considered more important than quality of life. Therefore,

the corresponding objectives for water management include self-

sufficiency in food and other agriculture goods, national

security, national economic development, and removal of

socio-economic disparities between different regions of the

country.	 Import substitution and a stable balance of payment

are the implied objectives which are incidental in nature.

8	 The state of art concerning methodologies for water management

has two faces. These pertain to theoretical attainments and

practical applications. As far as theory is concerned, in the

U.S.A. and other developed countries the advancement is very

rapid compared to developing countries. The sophisticated

modelling techniques have been advanced mainly due to three

major stimuli: a rational conceptual approach (system engi-

neering), effective methods of mathematical analysis (operations

research), and computational facilities (analog, digital, and

hybrid computers). Models are increasingly becoming available

to study the interaction of natural domain (physical and bio-

logical) and social domain (economic, social, and institutional)

as it relates to water resource management.

In practice, however, very few models have been applied

to solve real life situations even in the developed countries
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besides illustrations and examples explained by researchers let

alone developing countries like Pakistan. However, application

of sophisticated system's approach has become almost mandatory

at least in the U.S.A. since the introduction of latest Princi-

ples and Standards for planning water and related land resources.

Therefore, the important question now is not to debate on the

applicability or non-applicability of the modelling techniques

but it is to choose the best one and to refine the existing

models if an appropriate one is not available readily. The

level of research into new methodologies and their application

is considerably lower in the developing countries, where even

a positive beginning has not been made to undertake research

into the multiobjective and multidisciplinary aspects of water

managements.

9. Application of even the most sophisticated planning techniques

does not automatically produce superior plans, solve the com-

plex problems confronting water managers and decision makers at

the implementation stage, and guarantee the realization of

planned objective. The following is the list of some of the

problems in these areas which are more pressing in the devel-

oping countries:

a. There is dearth of reliable data on the hydrologic cycle,

human and material resources, and socio-economic conditions

pertinent to river basin development. This makes the appli-

cation of modern methodologies for planning and development
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of water resources cumbersome and less productive. This is

exactly what happened to very sophisticated development

plans drawn up for Pakistan by competent foreign consultants.

Stochastic modelling may provide some help but there is

definitely no substitute for adequate data.

b. Traditionally some data on various elements of hydrologic

cycle is being collected for last many decades without evalu-

ating its worth in the process of planning, decision making,

and implementation of decisions. Consequently, whenever a

major water project is under planning and at project pre-

paration stage, fresh field data is required to prepare a

dependable project.

c. The allocation of financial and material resources during

implementation is often below the planned requirements

approved with the Schedule of Construction. This is so be-

cause allocations are made year by year and there are a

large number of projects within the water sector to compete

for allocation and there is keen inter-sectoral competition

also to share the limited resources. The situation is fur-

ther complicated when a part of meager allocation is frozen

during the currency of the year by agencies responsible for

release of allocated funds.

d. Besides the financial squeeze and technical constraints the

implementation capabilities of many developing countries is

one of the biggest obstacle to maintain the desired tempo
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of plan implementation. This includes institutional lega-

cies, lapses in interagency cooperation, lack of coordina-

tion machinery, shortage of standarized engineering

materials, machinery and equipment, and trained labor to

handle modern sophisticated construction.

Consequently, a number of extremely useful water devel-

opment plans lose their socio-economic impact, due to long

delays in their completion, increased costs (sometimes 5 to 6

times their original estimates), and quick changes in the needs

and national priorities. This is a very serious matter, which

needs to be evaluated in greater detail.

10. Ex-post evaluation is an inseparable part of a systematic

planning process.	 It must be done on a continuing basis to

achieve the following objectives:

a. To test the validity of assumptions made about 
those tech-

nical, socio-economic, and ecological parameters which 
are

intangible during the planning process or those 
on which no

•data is available.

b. To test the validity of planning techniques and on the 
basis

of past experience and research improve these 
techniques

where ever necessary for future applications.

c. To compare the planned targets with actual achievements.

d. To redefine the national objectives.

e. To correct the adverse impact of development such 
as envi-

ronmental degradation, social imbalance, or 
political unrest.
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At the present level of technology, "cost-effectiveness"

is the best possible methodology both for ex-ante and ex-post

evaluation in any setting.	 It is simple in form, easier to

apply, and can handle more than one alternative, more than one

planning objective, and both tangible and intangible measures

of effectiveness.

11. The following observations can be made on the basis of compara-

tive evaluation of present day water management under different

socio-economic conditions:

a. In the countries with market economy the public interference

in the field of water management is comparatively little.

In the U.S.A., for example, hardly 20 0/ of the reclamation

programs were financed and planned by the government. The

rest is all private. 	 In the socialist as well as devel-

oping countries all natural resources including water are

planned, developed, and managed in the public sector.

b. The water systems in the U.S.A. are flexible and adequate

water is available to all farmers who can choose a crop-

ping pattern based on their farm management, available tech-

nology, and market mechanism. Against this, existing water

systems in Pakistan cannot sustain modern agriculture even

on the 50% of the land presently under irrigation, due to

scarcity of available water resources and timing of water

application.
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c. Besides inadequacy there is inelasticity in the water dis-

tribution system, which is based on sharing the shortage

equitably amongst shareholders rather than meeting full

crop needs. The water availability is regulated by a fixed

roster of one watering per week at a specified time, which

may, in some cases, be the same as it was at the turn of

this century. The amount of water delivered depends on the

run of the river and time allocated to each farmer is based

on the number of acres in his land irrespective of the crop

sown. The supplies are not metered as the assessment of

water charges is based on the number of acres sown and not

the volume of water received. This obviously kills the

farmer's initiative to improve his irrigation efficiency

and makes the long term planning of on-farm management

impossible. The small uneconomic size of land holding is

another strong disincentive.

12. The Salinity Control and Reclamation Program of Pakistan did

not achieve fully the planned objectives due to a number of

reasons including conceptual lapses, idealized assumptions at

planning stage, inappropriate design of public tubewells, and

resulting distribution systems, use of poor quality ground

water for irrigation, innumerable operation and managerial

problems, less desireable attitude of public tubewell operator,

and poor cultural practices. Factors such as inadequate

financial resources to raise the standards of technical
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operation and management, timely replacement of damaged/deterio-

rated tubewells, and less reliable power supply are also respon-

sible for the poor - romance of these projects to some extent.

As these tubewells	 to supply water in conjunction with

canal supplies, the 	 elastic fixed roster also reduced the

effective use of tubewell supplies. Farmers' control over these

tubewells was much less than even the canal supplies and many

a times when a farmer's turn came, he got only canal supply as

the tubewell was out of action due to a large number of reasons

beyond his control. The operating efficiency of these projects

can be still improved if for each tubewell, one cooperative

unit was formed and operation and management of this tubewell

handed over to this cooperative. In so doing, the recovery of

water charges at double the normal rate can be reverted back to

normal rates. The arrangement will create a positive incentive

among the farming community to introduce scientific farming.

The government will also save the huge annual subsidy on the

annual maintenance of these tubewells. An arrangement will

have to be made that damaged public tubewells are replaced

either at the public cost or at the cooperative unit cost but

cost recoverable in long term easy installments.

13	 The major purposes of reclamation program in Pakistan to supple-

ment irrigation supplies and provide drainage relief could be

achieved more cheaply and equally effectively by encouraging

private farmers to install their own tubewells. The added
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benefit of this arrangement are that system becomes more flexible

as private tubewell can be operated by farmers corresponding to

water demand for the crops. However, drainage tubewells in the

saline and marginal areas should continue to be the responsi-

bility of the public sector as private farmer under no circum-

stances will invest his resources in these areas of doubtful

water quai ity.

14. Water quality standards were fixed too high by foreign con-

sultants in SCARPS.

15. In economic terms, water management is more productive in the

developed countries for the simple reason that complementary

farm inputs such as technology, capital, machinery, seeds,

fertilizer, pesticice, and labor are available at a much higher

level. The availability of these inputs in the developing

countries is at a much lower scale and is often uncertain over

time.

16. In financial terms, water management is not a productive in-

vestment. Financial subsidies are involved both in the devel-

oped and developing countries. The only difference lies in the

source of these subsidies. While in the developed countries

it comes from the sale of power by the private management of

the irrigation district, in the developing countries, the pub-

lic sector is expected to underwrite these subsidies.

17. Scientific on-farm water management and conservation technique

will yield much better results in Pakistan if small farm units
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are merged into cooperative units of 250 to 350 acre sizes and

instead of fixed water supply, each unit is provided with a

flexible source of irrigation supplies.

18. Full productive potential of fertile lands cannot be realized

in Pakistan without a responsive extension service and farmers'

education to adopt scientific agribusiness instead of subsis-

tence agriculture.

19. The desalination plant proposed to be constructed in the lower

Colorado basin is not essential from technical considerations

as discussed in Chapter 7.

8.2 Recommendations 

8.2.1 General Recommendation for International Considerations

1. Rational development of water resources must be recognized as

an integral part of social and economic programs of all

countries.

2. Improved technologies must be learned, selected, accepted, and

applied rigorously in a context of reliable knowledge of the

total circumstances in any local setting/region.

3. To ensure that future generations will not be confronted with

degraded water or quantities insufficient to sustain human life

and economic activity, proper attention must be given to opti-

mum patterns of sustained water uses, contamination prevention

and control as well as to conservation generally. Long term

human survival is conditional upon much better management
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of this indispensible resource than has been possible hereto-

fore, both in the developed and developing countries.

4. Mathematically proven validity of a multitude of deterministic

and probabilistic models to solve real life problems can only

be of some use to human society with a closer knowledge of the

physical systems and interaction of social and physical factors.

Therefore, there is	 need for a two way dialogue between

different disciplines and between the field and research camps.

This missing/weak link must be established/strengthened as

early as possible.

5. There is an immediate need for a reorientation of private as

well as public attitudes towards limited natural resources

viz-a-viz global human needs. The political-geographic

boundaries should not deter the joint planning and development

of water resources. In some cases, water is surplus and going

to sea unused, while in the immediate neighborhood fertile land

having high productive potential is lying barren for want of

irrigation water.	 In all such situations water should be

bartered for farm produce or industrial goods depending on the

pattern of needs. Although this is a difficult area for which

there are no precedents to follow, an attempt can be made

through the existing international commissions or new ones can

be created if found necessary.	 In this way, the pending danger

of limits to growth can be pushed back.



272

6. Technical and financial constraints obstructing water manage-

ment in developing countries can be removed totally or at least

partially by adopting the following measures:

a. Present institutional weaknesses in local universities as

well as water agencies can be removed with the help of

International organizations such as UNESCO, Columbo Plan,

F.A.O., U.S.N.S.F., U.S.A.I.D., Ford Foundation, Rockfeller

Foundation, etc., through exchange of professors and in-

service training and formal education programs.	 In fact,

reappraisal of these existing programs is needed to address

them to the specific objective in view.

b. Effective measures must be taken by national governments to

stop the brain drain from developing countries to developed

countries.

C. Different ways and means can be adopted to remove financial

constraints. One of these could be the creation of an

International Food Fund under the administrative control of

U.N.O. to which all member countries could contribute a

mutually agreed percentage of their defense budget for 5 years.

In addition, developed countries may contribute a percentage

of their GNP growth rate for the next 5 years. These funds

then can be utilized through the U.N. water development

programs in the developing countries. The increase in the

amount of easy term World Bank loans can also help in

removing this constraint to some extent. At the
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national level, resource allocation policies must be care-

fully reviewed to increase the allocation for water resource

development.

8.2.2 Recommendations for Pakistan

1. The need for a major second stage storage facility on the river

Indus is immediate.	 In fact, all possible sites, including

those recommended by the World Bank, on the Indus main stem as

well as off-channel storages need to be thoroughly investigated

without any delay.

2. There is no trade off between the raising of Mangla Dam and

construction of Kalabagh Dam. Both are a must for improving

the flexibility in the system and generation of additional

power. The earlier the regulation of canal systems is trans-

ferred to dams, the better. This will help in changing the

centuries old fixed method of water application and weekly

canal roster, which is the biggest obstruction meeting water

needs •of the crops in the Indus Basin.

3. The investigation for siltation of reservoir should be aimed

at the improvement of future design as well as prolonging the

life of existing small and big dams.

4. To derive optimum benefits from the latest international re-

search in the field of on-farm water management, an appropriate

farm size based on local soil and climatic conditions should

be between 250 to 350 acres. The only way to reach this limit

is by aggregation of small farms into cooperative units.
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Failing this, results of research studies in Mona Experimental

station and elsewhere on the scientific land and water manage-

ment under controlled conditions will not bring any respectable

Improvements. This is an inescapable option and the earlier it

is adopted the better. Cooperative units of 50 to 100 acres

will yield only sub-optimum results as can be seen from the

experience of the Columbia River Project in the U.S.A. New

public laws will, however, be necessary to deal with the issues

arising out of proposed cooperative efforts. Special incen-

tives may be necessary to attract less resourceful farmers to

form these cooperatives and run them efficiently. Pilot pro-

jects and subsidies on farm levelling and other agricultural

inputs may help.

5. The existing 7-day fixed roster for distribution of irrigation

supplies to individual farms need to be changed to a volumetric

metered supply to each farm on the basis of crop needs. This,

however, can happen only under the following conditions:

a. Flow into the canal is not dependent on the run of the

river, but on the total water needs of the service area

plus transmission and distribution losses; and this can

happen only when the control of canal is shifted from

barrages to dams and there are ample supplies which can be

diverted into the canal system.

b. Each water course serves one or at the most two share-

holders and not more (against 20 to 40 now). This can
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happen only after the cooperative units are formed. In

that case, real benefit can be derived from lining of

canals, realignment and lining of water courses, land

levelling and other on-farm measures to improve irrigation

efficiencies as well as crop output.

c. A single big or a number of small private tubewells in

each cooperative unit depending upon the quality of ground

water underlying it.	 In the period before more dams are

constructed, this is the only alternative whereby flexibil-

ity of available water can be improved to match with full

crop requirements. If need be, more efficient methods of

irrigation applications can be also attempted with this

alternative, which is not possible even with public tube-

wells now or in the future. Private tubewells will be

necessary even with more dams as surface flows are inade-

quate to meet full water requirements even for the existing

irrigated areas.

6. Farmers' education about new methodologies within the shortest

possible time can be done in a number of ways:

a. Activation of Extension Service, with periodical evalu-

ation of the results.

b. A crash program on the pattern of mass literacy campaign

launched successfully in Iran some years ago should be

initiated in Pakistan.	 This will involve full utilization

of less committed/uncommitted human and material resources.



27 6

For example, all retired civil servants, including teachers

and all educated unemployed persons can be appealed to

volunteer their services for 3 to 6 months. Public agen-

cies, as well as social/political groups, can also pool

their resources and a joint program launched from field to

field, village to village, and across the country. All

private avenues, religous buildings, and public buildings

can be utilized if necessary to hold regular class room

studies also. Radio and T.V. can also supplement efforts

in this direction which is bound to revolutionize the

farmers' outlook.

c. The public functionaries concerned with land and water

managements should work in close cooperation with farmers

in their field rather than sitting in their offices devo-

ting their entire time to routine paper work. This is

bound to improve the farmer's knowledge, and consequently,

farm production.

7.	 In planning and designing future reclamation programs, the

following recommendations of Lieftinck et al. (1968, V. t,

p. 196-197) must be given due considerations:

When a detailed feasibility study is made for a public project

the assumed degree of private development should be closely

examined: Could greater parts or possibly all of a proposed

project area be wisely left to private initiative? Over the

next decade, in particular, private investment could make an

extra contribution by freezing public funds for activity

elsewhere . . . The government also should take other measures

to stimulate private water developments . . . Technical advice

should be readily available to farmers and landowners on
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procurement and construction matters, type of equipment
available, water quality, irrigation requirements, and
water management.

8. Each tubewell in the public sector is very expensive, so that

in future planning each tubewell must be considered a discrete

project and designed on the basis of conditions at its site,

rather than designing it on the basis of average conditions for

the region.

9. To ensure enthusiastic participation of the farming community

in the process of water management, the initial planning pro-_

cess should start at the grass roots level and farmers freely

consulted on the pattern of commune discussions in China. This

will need a small nucleus of planning infrastructure at the

subdivision level. The project can be started on an experi-

mental basis to have an idea of the long range benefits from

implementing such a proposal.

10. The allocation of funds to a new or on-going water

development program should not be on the year to year basis,

but strictly according	 to the financial phasing provided by

the project. This will expedite the process of project comple-

tion and overall cost of development programs is not likely to

escalate beyond the actual level of inflation.	 It may be

feasible from some other considerations, but not economic

consideration to strat more development projects and then make

small financial allocation to a large number of on-going



278

projects. All such on-going projects are delayed and overall

cost also goes up very high.

11. Rainfall harvesting and runoff agriculture techniques should be

employed in the districts of Campbelpur, Rawalpindi, and Jhelum

along with the latest techniques of soil conservation to bring

into profitable,use local precipitation and eroded lands of

this region. Due to topography of these areas, sprinkler irri-

gation may perhaps be more suited.

12. The entire graduate studies program at the national universities

must be reorganized to conduct research on the physical and

social problems of river basin development as agriculture con-

tinues to occupy a pivotal position in the whole economy.

Interdisciplinary and multidisciplinary teams of professionals

may be sent to foreign universities to undertake a joint study

and research program. An early beginning in this direction is

imperative to introduce in Pakistan the latest methodologies

for water resources development and management.

13. To eliminate controversies and organizational bias, a high

powered evaluation board must be created at the national level

to carry out periodical review and ex-post evaluation of all

river basin developments, including SCARPS. The Central

Monitoring Organization, presently attached to the WAPDA, which

is the executing agency for all water projects, should be suit-

ably reorganized and placed under this board. Alternatively,



the present agency may stay with WAPDA, and a new agency

created under the administrative control of the board.
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