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ABSTRACT OF DISSERTATION
METHODOLOGY
FOR
THE SELECTION AND TIMING OF WATER RESOURCES PROJECTS

To Promote National Economic Development

The methodology developed in this dissertation is designed to
facilitate the selection and timing of water resources projects to
optimally achieve "a priori" specified national economic development
through desired strategies. The methodology is composed of several

analytical procedures.

The input-output model is used to simulate the national economy
thus further facilitating consistent projections of the elements of
final demands in accordance with the national economic development
objectives and strategies, and assessing the total and incremental
requirements for sectoral outputs of goods and services at designated
future time periods. A mathematical model for the selection and timing
of water resources projects for their implementation, in other words for
the formulation of an optimal national water resources development
program, has been developed and its application demonstrated on an
example problem. The model incorporates important factors such as
economic efficiency of projects, demand targets for project outputs of
goods and services necessary to achieve desired national economic
growth, resources capabilities and limitations, and project interrela-
tionships. Incorporation of these and other related factors makes the
model reflective of the real world problem it is intended to aid in

solving.
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The application on an example problem convineingly indicates it to

be a very useful tool indeed in the national economic planning process.

This exercise also reveals the avenues for further research and

improvement.
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CHAPTER I

INTRODUCTION

Despite the fact that more and more countries are exercising some
form of economic planning and despite the fact that the literature on
planning and project evaluation for developing countries is literally
mushrooming, work concerning the extremely vital subject of project
selection and timing for implementation to enhance national economic
development is disappointingly meager and incomplete. After all, the
culmination of the plan formulation process is the selection of a
recommended plan of action--a fact recognized by many.

Furthermore, most of the works on project evaluation, and
selection, under conditions associated with developing countries end up
using the competitive market model (by virtue of the implied assumptions
underlying the choice of such parameters as interest rates and selection
criteria) which does not accurately represent the real situation in
these countries (even though this is usually acknowledged at the
beginning) at all.

The objective of this study is to develop a methodology composed
of rigorous analytical procedures based on sound optimization techniques
for the selection and timing of the implementation of water resources
projects to enhance national economic development. "Project selection
and timing" 1s understood in this study as the decision-making process
of determining which projects should actually be implemented and when.
The irreversibility of such decisions coupled with the resource
intensiveness of water resources projects, and hence the costliness of

a wrong decision, make the selection and timing of water resources



projects a crucial matter in the entire process of national economic
development planning.

In this dissertation the major elements relevant to the selection
and timing of water resources projects are studied and a methodology
composed of analytical procedures for making such decisions directed to
achieving national economic development goals and targets within its
resources capabilities is developed. Even though the methodology may
prove to be useful in both economies where the operative policy is
either indicative or directive plamnning, it should be most useful in the
latter.

The results of the study are presented in the following chapters.
Chapter II exhaustively discusses the need for central planning to
ensure balanced and sustained national economic growth and articulates
the place of project selection and timing in the planning process. A
survey of the present practices of project selection and timing given
in Chapter III, while pointing out the merits of some of the leading
works, articulates the necessary features of the real world to be
depicted in the decision making that these studies are lacking. The
suggested methodology is presented in Chapter IV. An illustrative
example where the mechanics and the workability of the methodology
are demonstrated is given in Chapter V. Conclusions and recommenda-
tions for further research, as well as reflections on relevant lessons
learned, are given in Chapter VI.

The scope of the study is limited to considering only "the
enhancement of national economic development' out of the three major
objectives of water resources development (Chapter IV). This is

mainly because of the fact that the valuation of benefits and costs



(primarily benefits) pertalning to the other two objectives is yet an
unresolved issue and those suggested so far are noncommensurate with
that of the basic and conventional development objective.

Furthermore, due to the unavailability of the necessary data in
the appropriate form and kind, application of the methodology could not
be demonstrated on an actual case of a given country. However, the
example problem set up is as good, if not better for it has more
detail, since separate parts of the data used :upresent actual cases

as they have been pulled out of documents of several countries.



CHAPTER II

ECONOMIC DEVELOPMENT AND PLANNING

The overall purpose of this chapter is to indicate the need for
and the appropriate place of the methodology, suggested in the present
study, for the selection and timing of water resources projects. The
methodology could find room for use almost in any place; yet, it would
be especially useful where simultaneous development of numerous sectors
is to be carried out according to a long-range perspective plan that
specifies the desired goals for the entire economy. Among possible
other uses that the methodology may have, in addition to selecting and
timing of water resources projects, is that it could help indicate areas
where projects may be lacking and hence the need to initiate projects in
such specific areas.

In this chapter the general features of underdevelopment of
countries and the reasons for the need of accelerated economic develop-
ment iu these countries is briefly discussed. Also the type of develop-
ment planning adopted by most of these countries and its merits are

elaborated.

Economic Development and Underdevelopment

A clear understanding of the differences between economic under-
development and development is vital in the formulation and implementa-
tion of meaningful and effective programs to bring about necessary and
desirable transformation. An understanding of the process of develop-

ment and a knowledge of the ways and means of activating, controlling



and maintaining the process are equally vital. This section is intended

to aid in such understanding.

Differences Between Development and Underdevelopment

Development is a relative concept. Underdevelopment 18 a
comparative and essentially negative concept. Underdeveloped countries
are basically areas of radical scarcity where the inadequacy of the
means of livelihood (social welfare) is the primary distinguishing
feature. While more developed (also known as advanced or affluent)
countries possess a number of common characteristics by which they can
be positively identified (e.g., industrialized production systems;
relatively high per capita gross national products; relatively high
adult literacy; high per capita energy, calorle and protein consumption,
high per capita income, etc.), the same cannot be said of underdeveloped
countries. Such a positive identification of underdeveloped countries
is impossible because it embraces diversified civilizations and
socileties, as well as the less affluent regions of the developed
countries. In other words, underdevelopment is a notion that character-
izes that which societies are not, i.e., developed, but does not
characterize positively what in fact they are. Nevertheless, it is of
interest to note that so many different observers and scholars have
come up with very similar lists of characteristics of the underdeveloped
countries despite the fact that there are often vast differences in the
political and cultural aspects, available information and record

keeping of the various underdeveloped countries.



Characteristics of Underdeveloped Areas

Perhaps the most comprehensive list of characteristics of
underdeveloped countries is given by Leibenstein (1957) who divided them
into four major categories: economic, demographic and health, technolog-
ical, and cultural and political characteristics. These characteristics
are given below primarily as Leibenstein presented them with minor

changes and updating.

Economic
a. General

1. A very high proportion of the population is in
agriculture, usually some 70 to 90 percent.

2. Evidence of considerable "disguised unemployment" and
a lack of employment opportunities outside agriculture.
"Absolute overpopulation" in agriculture, i.e., it would
be possible to reduce the numnber of workers in agricul-
ture and still obtain the same total output.

3. Very little capital per head.

4, Low income per capita and, as a consequence, existence
is near the '"subsistence'" level. (Per capita income
ranges from $48 to $192 per year.)

5. Practically zero savings for the large mass of the people
as well as low capital formation--the rate of investment
as a percentage of the national product, devoted to
capital formation in the less developed countries is
5 to 6 percent as opposed to 12 to 15 percent or more

in developed economies (Millikan, 1973). Whatever



10.
11.
12,

13.

savings do exist are usually achieved by a landholding
class whose values are not conducive to investment in
industry or commerce.

The primary industries, that is, agriculture, forestry,
and mining, are usually the residual employment cate-
gories,

The output in agriculture is made up mostly of cereals
and primary raw materials, with relatively low output of
protein foods. The reason for this is the conversion
ratio between cereals and meat products; that is, if

1 acre of cereals produces a certain number of calories,
it would take between 5 and 7 acres to produce the same
number of calories if meat products were produced.

Major proportion of expenditures are on food and
necessities.

Exports are mainly foodstuffs and raw materials (primary
goods) .

Low volume of trade per capita.

Poor credit and marketing facilities.

Poor housing.

Underutilization of production factors.

b. Agriculture

1.

Although there is low capitalization on the land, there
is simultaneously an uneconomic use of whatever capital
exists due to the small size of holdings and the

existence of exceedingly small plots.



2.

3.

Exceedingly low agricultural technology with limited and
primitive tools. The methods of production for the
domestic market are generally old-fashioned and ineffi-
cient, resulting in little surplus for marketing. This
is usually true irrespective of whether the cultivator
owns the land, has tenancy rights, or is a sharecropper.
Low ylelds per unit area.

Even where there are big landowners, the openings for
modernized agricultural production are limited by
difficulties of transport and the absence of a sizable
demand in the local market. It is significant that in
many underdeveloped countries a modernized type of
agriculture is confined to production for sale in
foreign markets.

There is an inability of the small landholders and
peasants to weather even a short-term crisis, and, as a
consequence, attempts are made to get the highest
possible yields from the soil, which leads to soil
depletion.

There is a widespread prevalence of high indebtedness
relative to assets and income.

A most pervasive aspect is a feeling of land hunger due
to the exceedingly small size of holdings and small
diversified plots. The reason for this is that holdings
are continually subdivided as the population on the land

increases.



Demographic

1.
2.
3.
4.
5.

High fertility rates, usually above 40 per thousand.

High mortality rates and low expectation of life at birth.

Inadequate nutrition and dietary deficiencies.

Rudimentary hygiene, public health, and sanitation.

Rural overcrowding.

Cultural and Political

1.

Rudimentary education and usually a high degree of illiteracy
among most of the people (80 to 90 percent). This leads to
inadequate manpower resources which is the key to development
above all else (Albertson, 1972).

Extensive prevalence of child labor.

General weakness or absence of the middle class.

Inferiority of women's status and position.

Traditionally determined behavior and role for the bulk

populace.

Technological and Miscellaneous

1.

2.

Inadequate manpower resources--both in quality and quantity.
Facilities for the training of technicians, engineers, and
others needed as manpower resources for development are
absent or inadequate at best.

Inadequate infrastructure.

Crude technology.

Dualism-existence of large metropolitan cities with modern
civic amenities on the one hand ‘and on the other poor,

unhygienic and backward rural areas. Similar dualism is
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found in the field of production and transport so that the
hand loom exists side by side with the automatic loom, the
bullock cart with the jet plane, and so on.
A close study of the foregoing characteristics would inevitably

lead to the conclusion that underdeveloped countries are areas of acute

scarcities and inadequacies. This particular impression, more than

any elaborate theory, reveals the social aim and purpose for development,

i.e., substitute scarcities and inadequacies with adequacy and plenti-

fulness.

The Development Process

Understanding the development process requires a clear conceptuali-
zation of what is meant by development as well as a knowledge of the
ends, the means, the measures, and the aims of development.

What is development? Development is basically a process of

transformation, i.e., it is a process by which underdeveloped countries
rid themselves of the foregoing negative characteristics and acquire
certain characteristics of today's affluent nations: adequacy,
plentifulness and more self sufficiency.

The development process has been explained and analyzed in varied
ways by different individuals at different times from different points
of view. A comprehensive treatment of the development process based on
a conceptual model called 'The Development Wheel' (Fig. II-1) 1is given
by Albertson (1972). Using 'The Development Wheel' he explains and
concludes that manpower is "...alpha and omega," "...the beginning and
the end of the development process"; and that "development is accomp-

lished by man."
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Fig. II-1 The Development Wheel, Illustrating the Development Process.
(Adapted from Albertson, 1972).
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The wheel is explained by Albertson as follows:

"The model shown in Fig. 1 depends upon man's knowledge and
his motivation to use this knowledge and create and work through
the necessary institutions. Man's motivation depends upon his
values-~both individual values and the values of the groups and
the institutions that he creates and uses as vehicles. He uses
the natural resources and the infrastructure to produce the goods,
services, and information which can be used by man for consumption
or for further development--in other words, for capital."

Among other things, an important aspect of Albertson's approach is
the implicit suggestion that development efforts should be exerted in
order to satisfy the beneficiaries' needs and not to "keep up with the
Joneses'" as many would have it.

Development is often used synonymously with growth. Although this
usage is generally accepted, there is a conceptual difference that has
to be recognized for the benefit of the aid it gives in the role-
jdentification of the different actors (individuals and institutions)
involved in the development process. Economic growth means more output,
and economic development implies both more output and changes in the
technical and institutional arrangements by which it is produced.
Stated in other words, development incorporates both the end (more
output) and the means (changes in the technical and institutional
arrangements by which it is produced). The degree of preoccupation
of a country in either the end or the means depends on the prevailing
circumstance and stage of development in which the country finds
itself at a given point in time. Detailed analyses of the distinc-
tions between growth and development are given by Kindleberger (1965)

and Demas (1965).

The ends of the development process: In light of both the

foregoing discussion and the aforementioned characteristics of the
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underdeveloped countries, development to such countries should mean a

transformation of the socio~economic structure so that:

1,

2.

10.

11.

A desirable living standard is maintained.

The degree of dualism between sectors as well as regions is
reduced.

Full and productive employment is maintained.

Adequate manpower resources (both in quality and quantity)
are made available as needed at all times.

Adequate and flexible institutional (social, legal, political,
administrative) structure is maintained.

Adequate infrastructure is maintained.

Subsistence production is eliminated and the national market
is established for goods and services.

The share of manufacturing and services in the Gross National
Product (GNP) is increased in response to the changing
composition of demand.

The volume of interindustry transactions increases, mainly

as a result of the growth of the manufacturing sector.

The ratio of imports to GNP falls in the long run (although
the absolute value of imports may generally increase) and the
composition of imports shifts from consumer to intermediate
and capital goods.

The economy becomes not only more diversified but also more
flexible and adaptable to social, political, and institutional

changes.

The means of the development process: The development process, in

the achievement of its purposes, involves either new combinations of
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existing factors at a given technical level or the introduction of
technical innovation. Furtando (1964) defines as being fully developed
at a given moment those regions in which, in conditions of full employ-
ment of factors, it is possible to increase productivity (real produc-
tion per capita) only by introducing technical innovations; and those
reglons wilose productivity is increasing or could be increased by the
mere introduction of already known techniques as displaying various
degrees of underdevelopment. The growth of a developed economy is,
then, a matter of accumulating new scientific knowledge and of advancing
the technological application of such knowledge. On the other hand, the
growth of underdeveloped economies for the most part is a matter of
assimilating techniques already existing. Contrary to the school of
thought that expertise and know-how could be imported analogous to

cases where physical resources are inadequate, the past experience
clearly shows that an adequate indigenous manpower resource is a
prerequisite for sustained development to materialize.

The measure of economic development: Generally, the level of

income and the rate of increase of income are used as the approximate
measures of the state of and the rate of economic development
(Kindleberger, 1965). Actually indicators of economic development
(Albertson, 1972) and their measurements are much more complex and
wider in scope than Kindleberger suggests and that which will be used
in this study (growth of GNP over time). They should include all the
variables (composed of the factors and actors) involved in the entire
process. Economic development occurs when desirable changes take
place over a given period of time in the separate and the sum results

(both in quality and quantity) of activities carried out in the areas
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of industrial and commercial enterprises, administrative and legal
institutions, manpower and physical (natural and man-made) resources,
social (both private and community at large) amenities, etc. For the
evaluation of economic development over a given period of time, simpli-
fications and approximations of the measurements are made necessary due
to the fact that a valuation system applicable to all the indicators

is not available at the present time.

Economic growth (as distinct from economic development) occurs when
key economi: variables become larger from one period of time to the next
in a systematic way. In this regard (Furtando, 1944), development
consists basically of an increase in the flow of real income, 1i.e., an
increase in the quantity of goods and services at the disposal of a
given community per time period.

A more important characteristic of the developed e;onomies
(nations) which distinguishes them from the less developed ones, and
from which most of the other economic distinctions logically follow,
is8 the fact that they have exhibited over a period of several decades
a capacity of sustained, built-in, and reasonably steady annual growth
in per capita economic output amounting, on the average, to 2 to 3
percentage points per year (Millikan, 1973). Although it had been
learned that during the past decade the less developed countries as a
group have achieved an average per capita economic growth of nearly
2 percent (Millikan, 1973), this has not been self-sustained as evi~-
denced by a significant portion of the resources (both capital and
manpower) that have made this possible have been supplied by the

developed world in the form of some type of foreign aid.
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The aims of national economic development: From the multitude of

actual economic development plans adopted by some nations, as well as
from the enormous scholastic works available, it is very clear that the
aim of development is the achievemenc of regular long term, built-in,
sustained growth without external subsidy.

This is a very realistic and worthwhile aim for the less developed
countries to have. While self-sustained, steady economic growth will
not in itself necessarily bring with it adequate progress toward all
the other goals that less developed countries seek in their development
programs, it will facilitate achieving them. In the absence of such
growth, significant progress toward most of these goals is impossible.

A significant manifestation of this aim as being the key to the
development issue is the fact that in 1961 the General Assembly of the
United Nations resolved that the 1960's would be termed the "Development
Decade," a period in which the world community would devote itself to
the problem of generating in the less developed countries that consti-
tute two-thirds of the world's population a process of accelerated
economic growth that could in time lift the world's less affluent out
of grinding poverty and provide the wherewithal for a marked improvement
in the quality of life of the mass of the world's peoples. The quanti-
tative target set was an annual average growth rate of the economic
output or gross national product (GNP) of the less developed world of
5 percent (Millikan, 1973). On October 24, 1970, the twenty-fifth
anniversary of the founding of the United Nations, the General Assembly
voted unanimously to proclaim the 1970's "The Second International

Development Decade" and to adopt the International Development Strategy
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which set the annual average rate of growth of GNP for the less

developed countries to be at least 6 percent (U.N., 1970).

Development Policies and Strategies

Development st.ategies: While self-sustained growth is a common

2im shared by most, if not all, developing nations, the policies and

strategies that such countries adopt are diverse, depending on circum-

stances prevalent in the given country and on the stage of economic

development that it has reached. Some of the priority strategies may

be categorized as follows:

1.

The allocation of investment resources among major economic
sectors such as agriculture; manufacture of consumer goods;
production of intermediate and capital production of inter-
mediate and capital goods; improvement of infrastructure such
as transportation, communication, and power. Incorrect
allocation can sharply reduce the average productivity of
capital.

The adoption of technologies appropriate to the country's
resources base. For example, if, as in many less developed
countries, capital is very scarce and labor is in abundant
supply, productivity can be increased by adopting labor
intensive and capital-saving technologies.

Research--for instance in agriculture, to develop new
technologies particularly suited to the conditions prevailing
in the country.

An appropriate balance between activities designed to replace
imports with domestic production on the one hand and those

intended to generate exports on the other.
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5. Education, training, and the development of manpower
resources, which is the moving force of development.

6. The creation, promotion, and improvement of institutions,
public and private, whose smooth functioning is important
to the development process.

7. The right balance between excessive governmental efforts to
regulate, control, and manage economic activity and inadequate
attention to such regulation and control in areas where it is
important.

8. The provision of a framework for capital resources management,
tax and fiscal policy and the control of markets that will
maximize incentives to productivity improvements.

Obstacles to economic development: The selection and adoption of

anyone or groups of the various measures to promote sustained economic
growth categorized above, as well as the setting of priority among them,
is the responsibility of the government of a country. Of course, the
adoption and even a pledge of commitment for concentrated effort for
implementation of development policies and strategles, at best, could
be only the beginning to the long and arduous process of economic
development which is jammed full of obstacles and surprises. Some of
the potential obstacles to economic development of underdeveloped
countries published by the United Nations in 1951 include (U.N., 1951):
lack of adequate manpower resource; lack of an experimental outlook
encouraged by education; prevalence of other worldly philosophies and
a high preference for leisure; existence of avenues to social prestige
easier than via achievement; prevalence of motivations and values that

inhibit rather than induce and accelerate development; lack of
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enterprise and entrepreneurship; absence of a broadly based credit
structure; prevalence of foreign owned enterprises operating under
terms that are not favorable to the local economy; weak or arbitrary
government; extended families; defect of the law; legal or customary
barriers to innovation; lack of information; low social mobility and
horizontai resource mobility; monopolies; concentration of power into
too few hands; deficient leadership; as well as many others.

A desire to eliminate or minimize the effects of these obstacles,
among other reasons to be discussed in the following section, is one of
the primary reasons for the almost universal adoption of development

planning by the less developed countries.

Planning for National Economic Development

Among other things, planning for National Economic Development
(NED) 1is the task of government. The purpose of planning is succinctly
stated by Colm and Gieger (1965): "...the purpose of planning is to
enable governments deliberately to influence economic processes in
order to supplement, reinforce, support, and guide the market process
of decision making and activity. More specifically, planning seeks
directly or indirectly to influence those factors believed to determine
the rate and direction of development." 1In this section the need for

planning, the types of plans and their component parts are presented.

The Need for Planning for NED

The major reasons why planning for national economic development
1s considered to bte necessary are changing trends and preference of

government intervention over 'laissez-~faire' economy.
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Changing trends: Planning for economic policy, and particularly

planning for national economic development by government, is increas-
ingly gaining preference over the 'laissez-faire' doctrine.1 In the
past, except in the socialist countries, planning for economic policy
was a temporary exercise launched as a remedial measure in times of war,
depression, or crisis of one kind or another that involves some econo-
mic bottlenecks. The increased tendency towards planned economic
policy (development) as opposed to the 'laissez-faire' doctrine are
based, as explained by Tinbergen (1967) and summarized here, on three
major concepts which themselves reflect a change in human conceptions:

1. The tendency of being more and more conscientious--the
conscious introduction of looking ahead.

2. The growing awareness of the interconnection between various
economic factors--resulting in the new effort to integrate
different parts of economic policy.

3. The changing tendency in views about the aims of state
intervention, i.e., whereas state invervention in the past
was aimed at alleviating economic bottlenecks or crises, it
is now increasingly regarded as an activity that fits closely
into the whole economic development process and is aimed far
more at bringing about sound economic development than at
curing economic ills.

These three concepts yield the three chief elements of planning

for national economic development-~looking ahead (predicting or fore-

casting), coordination, and attainment of desired aim.

1Laissez-faire: doctrine of nonintervention by government.
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The foregoing concepts, especially the third (in the light of
effecting accelerated economic growth instead of letting the economic
system take its natural pace, and not so much that of the acceptance
of an ideological principle of state ownership of means of production),
provide the major reasons for the almost universal acceptance of central
(state) development planning in the less developed countries. 1In other
words, central planning is adopted by the developing countries not as a
result of endorsing the ideology and joining the camp which believes
that "égalite" would be best accomplished if the means of production is
owned by the state (and hence it should do the planning). On the
contrary, it is rather because of the growing awareness of the fact
that invervention and control is best effected by the state rather than
the market mechanism in order to bring the aim of accelerated economic
growth--i.e., the improved welfare of the society. This leads into a
new arena where the case for and against planned economic development
is debated primarily by economists,

Preference among market control and state intervention:

Currently, there does not appear to be anyone who believes in
absolute 'laissez-faire' (market controlled economy) since most
economists who are proponents of the market controlled economy
acknowledge several departures from the competitive market norms which
justify public intervention. Broadly, these include the following:2

1. To set, modify and enforce rules under which individuals and

society must operate.

2For detailed discussion of these failures see Friedman (1962), Herber
(1968), and Baton (1958).
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2. Direct intervention in the development and management of
public and merit goods where the exclusion of individuals from
consumption of goods and service due to consumption by others
is not applicable (e.g. public goods, nonmarketable goods,
etc.).

3. Intervention in order to correct certain failures in the
market mgchanism such as:

a. product and factor indivisibilities

b. externalities

c. monopolies

d. extreme scarcity of goods

Thus the proponents of market controlled economic policy say that

except for the foregoing areas the control should be left to the market.
Although this issue has been a subject of controversy betweenr. the pro-
ponents of the two principles (laissez-faire versus planned economic
policy) and remains an unsettled question, a detailed comparative
analysis will not be made here since in situations where accelerated
growth is the aim (which means intervention is necessary) the extremely
fragile assumptions that underlie the competitive market model simply
will not exist--besides, the case for planned development has already
been made on more realistic and fundamental grounds.

Nevertheless, a brief note on the major points against each policy

i{s in order for the sake of completeness of presentation. For further
details see Bator (1958) and Lewis (1961). The major arguments

against completely centrally planned and coordinated policy are its
inflexibility since revision involves complex relations; its incapabil-

ity to quick response and adjustment to changes; its liability of
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imperfect fulfillment due to its inflexibility and the realism of
uncertainty in such decision making; mistakes are bound to be costly
since they would inflict a chain of wrong decisions.

The major arguments against a market controlled economy are its
inadequacy for fair income distribution, for handling of foreign trade,
for coping with major changes (slow effect to speed or slow mobility of
resource in response to changes); and its being unstable (which is the
main reason for constant state intervention in western markets today)
and wasteful. The most important argument against the market control
policy is the fact that the merits of the market depend on the exis-
tence of perfect competition, and that perfect competition is rare if
not absent. Lewis (1961) asserts that nothing in the market mechanism
itself establishes or maintains competition and that only state action
can assure competition. Indeed the market cannot function adequately
without positive support from the state.

Thus, the point that should be clearly understood is that the
choice, as learned from past and present situations, is not one of
either/or case but that of a mix. The area, scope and level of state
intervention (planned development) may vary from one country to another.
The less developed the economy, the higher the desired rate of develop-
ment, and the less competitive the market mechanism; consequently, the
higher the level, the wider and deeper the scope, and the larger the
area of state intervention required--for a policy of nonintervention
here would be inadequate. In other words, the need for the adoption
of a planned development policy is dependent on the degree of under-

development of a country.
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Types of Planning

Depending on the criterion used, planning could be classified into
several types. According to the institutional arrangement planning
could be classified into centralized (planning by government) and
decentralized. There have been cases, although rare, where departmental
planning (planning done by individual departments independently--without
a central organ to coordinate their activities) are practiced.

In character, plans could be classified into indicative and
directive. Indicative planning is conducted for the purpose of
pointing out the desired direction for further advancement and imple-
mentation is primarily based on persuasion. Implementation is made
imperative by the state in the case of directive planning.

In scope, plénning could be multisectoral, sectoral, or functional
(U.S. National Water Commission, 1972). Multisectoral planning is a
comprehensive coordinated planning for all sectors of public endeavor.
Sectoral planning is integrated planning for all functions (purposes)
within one sector such as water resources. Functional planning is
planning to meet a specific need within a sector, such as flood control
or the like.

The major and most common classification of planning is the one
based on the time span covered by the plan. There are three broad
categories in which plans are usually classified in terms of their
duration. These are known as perspective or long-term, medium~term, and
short-term plans. Perspective plans cover a span of one or two decades.
These plans depict the general course to be taken by the national
economy. Medium-term plans extend anywhere from 4 to 6 years.

Although a span of 5 years is the duration adopted by a large number
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of developing countries for their medium-term plans, the precise length
is often determined by administrative and political requirements (such
as terme of elected executives and legislators) in conjunction with
making the necessary allowance for the maturing of major projects. The
short-term plans include plans of 3, 2 and/or 1 year duration. Of
these, the annual plans, as reflected by the government budgets over
the fiscal year of a country, are the most detailed and popular in use.
A development plan of a country should include each of the three
major categories depending upon the stage of plan formulation and type
of influence the particular program is to cause on the overall
economy. Measures aimed at counteracting influences on the country's
economy caused by unforeseen incidental matters as well as those aimed
at adjusting to condition caused by unpredictable fluctuations are to be
covered in the short-term plans of annual duration. On the other hand,
undertakings that cause long-term influence on the economy due to
factors such as long-term investments or far-reaching institutional
changes are covered in the long-term or perspective plans. Almost all
major water resources development projects belong to the latter cate-
gory since they involve large amounts of expenditures over long periods
of time (Hall and Dracup, 1970). It is desirable for planning in a
country to cover each of the main categories for it would then be pos-

sible to build up detailed projects within a suitable framework.

Major Components of Planning for NED

The process of development planning involves a large number of
activities which may be distinguished and carried out as logical phases
or steps (Colm and Geige, 1965; Timbergen, 1964). For convenience these

activities are identified in this study as: goal identification and
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specification, inventory of resources, program formulation, and provi-
sion for implementation. These activities are not necessarily to be
carried out in chronological order.

Goal identification and specification: This involves the defini-

tion of the purpose(s) for which development is being undertaken--
which 1is usually done in three levels of specificity.

The first level is where the general objective of the plan is
stated. For example, the purpose of the plan may be to raise the
standard of living, to eliminate dependency on foreign assistance, to
diversify the economy, to improve defense capabilities, or a combina-
tion of these and other objectives similar in nature.

At the next level these objectives are expressed in terms of
gspecific goals such as increases in production, savings, investment,
consumption, foreign vrade and other aggregative variables that are
felt to be needed to be used as instruments (strategies) that help
accomplish the general objectives of the plan.

Finally, targets are established. Here precise measures and
quantitative levels that each sector of the economy must achieve are
specified. Of course all the three levels must be related to a time
frame for their accomplishment.

Inventory of resources: This 1s determination of resource

capabilities availlable for achieving the specific goals and targets of
the development plan. Resources include the necessary production inputs
as well as the capital required to utilize existing material and human
resources and to develop additional ones.

Program formulation: This is the central activity around which

all the others revolve. It involves the formulation of specific
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programs within the general plan framework. Programs embody final
decisions about targets, setting of priorities, selection of individual
investment projects, and timing within particular sectors of the
economy; and also specific regions within the country as well as related
specific matters,

Each program includes not only a description of specific targets
to be achieved, but also an inventory of resource requirements and the
phasing of the program over time. Ideally, although this has been
missing in most existing development plans, each program should be
refined to the point where it lists the individual projects which must
be undertaken as well as their phasing over time. In addition, the
program should specify the means whereby the resources are mobilized
for achieving the goals of the program. This latter part overlaps with,
and very much depends upon, decisions to be made in the next phase of
the planning process.

Provision for implementation: The necessary arrangements for

implementation of the plan are too often neglected entirely or are
inadequate in today's development planning. These arrangements include
(Colm and Geiger, 1965): the organization of the planning function and
its administrative relationships with the chief executive, the legisla~-
ture, and the policymaking and operating departments of the government;
the assignment of responsibilities for carrying out the component pro-
grams of the plan; the relationship of the plan to the national budget;
the roles of the fiscal and monetary authorities; the provisions for
progress reporting and evaluation; and the selection and training of
planning personnel. This phase should also include the selection of
the means whereby resources can be mobilized to achieve the specified

goals and targets.
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The task of the private and public sectors, as well as the
instruments to be used by the government in order to induce all
concerned to carry out the plan, must be scrupulously studied and
. decided upon. A government has at its disposal various types of
policies and measures for directly or indirectly bringing about the
desired development. These include direct public investment; making
public funds available in various ways to the private sector; different
kinds of aid obtained from foreign governments and international
organizations; encouragement of private foreign investments; fiscal
and monetary policies to limit consumption, augment savings, and
stimulate and channel indigenous private investment; and other
instruments at the disposal of the national government (Clifford and
Osmond, 1971). The particular combination of means (measures) that the
government selects depends on the particular needs, administrative
capabilities and limitations, and past experiences of the country
concerned.

The planning process is not one of carrying the activities
described in a strict chronological order; rather, it is an iterative
process involving the modification and updating of conclusions and
results arrived at the end of each step in the light of knowledge
acquired and information gathered in carrying out subsequent steps.

A1l figures should be revised when new data become avallable.

The Place of Project Selection and Timing

In this study "project selection and timing" refers to the decision
making process of determining which projects should actually be imple-
mented and when. The criteria that are to be used in such decision

making will be elaborated in Chapter IV.
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Another aspect to be specified is that a clear distinction is made
between "project selection and timing" and "project evaluation." The
first expression is understood to mean what is stated above, while
"project evaluation" is associated with the decision-making process
usually carried out for the purpose of determining economic and
financial feasibility of a project. Thus project evaluation is carried
out for the purpose of determining the economic efficiency of individual
projects as investment entities while project selection and timing is
performed for the purpose of determining 'the best mix of project:s"3
that are available to meet plan objectives and sectoral goals and
targets during a specific time schedule.

Project evaluat:>n is done at the project formulation level while
project selection and timing is done at the program formulation phase

of the planning process for the entire economy.

3For more details refer to Chapter IV.



CHAPTER III
SURVEY OF PRESENT PRACTICES OF

PROJECT SELECTION AND TIMING

A survey of the available literature in the general area of project
analysis1 would invariably lead to the deduction that a tremendous amount
of work is done with respect to project evaluation while the work done
with respect to project selection is meager and incomplete. Some avoid
the issue by stating that the selection of projects is outside their
scope of work while others give indications of implicit use of the
evaluation methods for project selection as well. In this chapter, an
assessment is made of the major works related to selection and timing
of projects in general as well as their relevance to, and necessary
improvements to make them applicable to the selection and timing of
water resources projects intended to promote accelerated yet balanced2
national economic growth in a centrally planned and coordinated frame-
work. For convenience the works will be subgroupzd under the following
categories: guidelines and methodologies used by the federal agencies

of the United States of America, guidelines ard manuals recommended for

1Project: analysis: includes and is not limited to the processes of
project inception, formulation, evaluation, selection, timing, and
impact assessment.

2Balanced growth: The situation where simultaneous investment in a
number of projects (sectors) (the so-called horizontal dependence in
consumption demand) is planned and coordinated by the government so
that thus generated income will create inducement for further invest-
ment ('supply creates its own demand'). The government also monitors
the expansion of the supply of all outputs in accordance to that of the
demand for them (the so-called vertical structure of products) so that
bottlenecks may not hold back the rate of growth (Mathur, 1971).

30
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use by international agencies and organizations, and recent developments
and recommendations from academic and research institutions. Inciden-
tally, it may be well to point out at the outset that the relevance to
and the adequacy of the various methodologies found in the foregoing
categories, for their application for the selection and timing of water

resources projects, ilmproves as one moves down the list.

Federal Agencies of the United States of America (U.S.A.)

Since the economy of the U.S.A. is primarily based on a competitive
market whose development is to be controlled by the relevant market
forces, such as consumer sovereignty and the laws of supply and demand,
the areas where the federal government engages itself in direct invest~
ment and management are very limited. In fact, except in times of
economic crisis or war, it would not be a gross mistake to state that
the federal government is limited to the bare minimum areas of state
Intervention accepted by the proponents of 'laissez-faire' economic
policy.3 Consequently, there had not been call for project selection,
and hence for the methodology, for achieving balanced and coordinated
national economic development.

On the other hand there seem to be developments that suggest
changing trends toward planned and coordinated development at least
in the area of water and related land resources. The primary means
used by the United States Government to achieve its economic objectives
is through contrul effected by the appropriation mechanism of federal

funds. Since the federal agencies, and the projects for which they seek

3Refer to Chapter II, p. 21.
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federal funding, are numerous (and yet the federal agency that 1is
charged with the responsibility of evaluating the projects is only one,
Bureau of the Budget) it has been necessary to develop a standard method
for the evaluation of projects by the various federal agencies. This,
among other reasons,4 has resulted in the formulation and adoption
(into law) of the Federal Register Volume 38, No. 174, Part III, in
September 1973 which has been effective since October 25, 1973. This
document establishes the principles and standards for planning water
and related land resources (U.S. Water Resources Council, 1973). The
entire document, when completed, is to be composed of three major
component parts: Principles, Standards, and Procedures for water and
related land resources planning.

The Principles reflect major public policy and public investment
theory. They provide ''the broad policy framework for planning activi-
ties and include the conceptual basis for planning." The Standards
present the best available techniques for the application of Principles.
They provide for "uniformity and consistency in comparing, measuring,
and judging beneficial and adverse effects of alternative plans." The
Procedures consist of detailed methods for the application of the
Principles and Standards. They provide "more detailed methods for
carrying out the various levels of planning activities, including the
gselection of objectives, the measurement of beneficial and adverse

effects, and the comparison of alternative plans for action. Procedures

4For detailed account of the long term developments that took place in
the creation and evolution of federal guidelines for water resources
project evaluation refer to Caulfield (1973).
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are developed within the framework of Principles and the uniformity of
Standards but will vary with the level of planning, the type of program,
and the state-of-the~art of planning."

According to the foregoing description of the major parts of the
document, methodology for the selection and timing of water resources
projects should be included in the Procedures which is yet to be
developed and approved.5 The one published in June 1969 (U.S. Water
Resources Council, 1969), which actually is a preliminary draft devel-
oped by the Special Task Force on evaluation procedures, covers in
detail concepts and techniques of evaluating and measuring benefits
and costs of water resources projects. However, it does not give any
specific methodology for either the selection or the timing of projects.

In the 1960's, in accord with procedures of the "Policy, Program
and Budgets System (PPBS)'", analyses of priorities for project funding
within a budgetary constraint were made within the Executive Branch.
The Corps of Engineers, for example, made intensive analyses in this
regard. More recently, the Water Resources Council has established an
administrative system for "prioritizing" data collection, planning
efforts, and project selection leading to presentation of priorities
to the Office of Management and Budget. These efforts are directed
toward the same concerns of this dissertation, but they have not yet
advanced very far in terms of use of rigorous analytical tools in

decision making.6

5It: is accurately noted in the '"Guidelines for Implementing Principles

and Standards for Multiobjective Planning of Water Resources'" (U.S.
Bureau of Reclamation, December 1972) that: ''The approach to be
followed in selecting plans or alternative plans for large areas is
not specifically addressed in the Principles and Standards."

6Interview with Professor Henry P. Caulfield, Jr. of Colorado State
University, July 3, 1974,
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Concern with this matter is reflected in Sec. 201 (b)(3) of the
Water Resources Planning Act of 1965 (P.L. 89-80) which provides that
Federal-State river basin commissions established under the terms of
the Act shall "recommend long-range schedules of priorities for the
collection and analyses of basic data and for investigation, planning
and construction of projects'" (U.S. Congress, 1965).

The need for a methodology for the selection of projects and plans
is strongly expressed in a more recent report, '"Guidelines for Imple-
menting Pcinciples and Standards for Multiobjective Planning of Water
Resources," that was developed by a multiagency task force under the
leadership of the Bureau of Reclamation (U.S. Bureau of Reclamation,
1972). Here "the selection of a recommended plan of action" is
recognized as "the culmination of the plan formulation process'" and
a rather detailed conceptualization is presented on the selection
process. While it is suggested that plans be selected on the basis of
maximizing net national economic development benefits, hope 1s expressed
that employment of better methodologies will be possible as modeling
procedures using systems analysis and operations research techniques are
developed. It is the express hope of this researcher that the result

of the present study will be a positive contribution in this direction.

Recommendations by International Organizations and Agenciles

Manuals and guidelines in the general area of project analysis have
been prepared by three major organizations who play leading roles in
international development efforts. These are the United Nations Indus-
trial Development Organization (UNIDO), the Organization for Economic
Cooperation and Development (OECD), and the International Bank for

Reconstruction and Development (IBRD).
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The World Bank (IBRD) recuamends and uscs the “internzl rate of
return” as the measure of performance for economic and financial analysis
as well as for the selection (ranking) of projects from among possible

"internal rate of

choices. The formal evaluation c¢riterion for the
return' measure of project worth is to accept all prcjects having an
internal rate of return equal to or greater toan the opportuaity cost

of capital and projects are ranked ia ovrder of che value of ctheir inter-
nal rate of vetucrn (Gittinger, 1972).

The UNILO Guidelines (U.N., 1972) and che OECU Manual (OECD, 1972)
are concerned in the main, with indusccial projecis; yet the principles
are said to be equally applicabie to all iuvestment uadertakings.
Although the approaches given Ly he w0 uvligaaizations have distinct
differing points (most of wihich are not relevant to the theme of this
dissertation), they may be considered similar with respect to matters
significant to this study. Boch recommend the use of net present value
as the correct criterion in judazing projects. They both recommend the
use of shadow prices insitcad of market prices for tne evaluation of
social benefits and costs. ‘ine one differeace ihat should be mentioned
is that they use different numeraire (measure) althougn tnis does not
make any difference to the outcome of projuct evaluation (Dasgupta, 1972).

The UNIDO Guidelines recommends measuring benefits and costs in
terms of consumption, while the OECD uses investwment (expressed in free
foreign exchange terms) as the unit of measurement. Thus in the UNIDO
approach aggregate net benciits expressed in terms of consumption are
discounted whereas in the OECD approach the net benefits expressed in
terms of investable resources are discounted. The choice as to which

numéraire to use is a matter of convenieace. What is important is that,
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as Dasgupta's rather lengthy and thorough analysis of the differences
between the two apbroaches concludes: "...it ought to make no difference
to one's judgment about the desirability cf a project." Nevertheless,
both approaches recommend the use of net present worth as the basis for
project evaluation. The formal criterion in these approaches is to
accept all projects which have positive net present worth.

The UNIDO Guidelines does not recommend a specific procedure for
project selection, yet the procedure recommended for project evaluation
coupled with the assumed point of view of the decision maker (a firm's
point of view) would implicitly lead to a similar procedure as that
recommended by the OECD Manual. The OECD Manual recommends that projects
be selected and ranked according to their profitability. Although it
prefers to use a so-called 'profitability ratio' (in case of limited
borrowing capacity) it recognizes the net present worth of a project
as an important measure of profitability.

All the foregoing procedures, although they may differ among
themselves in some specific point(s) of detailed nature, have one
feature of major importance in common. Although not always clearly
specified, they all have "maximization of profit'" as the primary if not
the only objective to be adhered to in selecting projects.

It is apparent, therefore, that the decision is being made from a
firm's point of view in a competitive market framework.

The three criteria often used in project evaluation exercises are:
benefit cost ratio greater or equal to unity (B/C > 1), positive net
present worth (NPW > 0), internal rate of return greater or equal to the
social opportunity cost of capital (r > i1). All these criteria are
criteria that indicate the profitability of a project. Being such,

they show the economic efficiency of the given project. In plain
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language, the satisfaction of any one of the foregoing efficiency
criteria by a project means that it will produce benefits equal to or
greater than the cost of the project. Thus satisfaction of such
criteria by a project should mean just and only that it is economically
feasible. Ranking or authorization of projects for implementation may
be based on such efficiency criteria only in very special cases--such
as when projects are authorized in isolation and/or when there is no
budgetary constraint and the repayment capability of a project is the
only concern. Ranking or selecting water resources projects for their
implementation in order to promote accelerated and balanced national
economic development in the less developed countries solely on the basis
of economic efficiency criteria is inappropriate, "inter alia," for the
following reasons:

1. Water resources development in less developed countries in
this era involves multipurpose means for achieving multiple
objectives of varicus levels. This is a much more complex
situation than that of a firm concerned with a single enter-
prise of a given type of output.

2, Water resources development in almost all developing countries
is a public (state) undertaking, hence the selection of pro-
jects cannot be done solely from the private investors' point
of view, who selects projects only according to rates of profit.

3. A public program in a given sector or subsector will consist
of some selection of individual projects from among a large
number of possible projects. This entails possible incompat-
ibilities and interdependencies among projects which cannot

be handled with a single efficiency criterion alone.
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4. In a centrally planned and coordinated economy where the
doctrine of balanced growth is adopted, the state intervention
goes as far as making simultaneous investments in numerous
projects and sectors as well as monitoring the rate of growth
of supply (project outputs) in accordance with the demands
for them. Therefore, not only is it inappropriate to rank
projects according to a single efficiency criterion (which is
what happens when one accepts projects up to a specified cut-
off point as the present recommendations hold) but it is wrong
to speak of ranking of projects, per se. The truth of the
matter 1s that one can only select projects, and select not
only to maximize profit, but select also in compliance to all
relevant considerations--in this case, a priori set levels of
project outputs which are projected demands necessary for a
balanced growth.

5. Availability of funds limit the volume of public expenditure
which create budgetary constraints and do not allow building
every project that meets efficiency criteria.

When all these considerations are taken together, it is evident
that the pure efficiency criterion can neither be adequate nor dominant
in the process of selection and timing of projects to formulate an
optimum water resources development program that will promote national
economic development.

It should not be misunderstood that an abandonment of the use of
efficlency criteria in project selection is being recommended. On the
contrary, because of the innate insensitivity of government (in contrast

to a firm) to the lures of profit and the threats of bankruptcy,
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economic efficiency must and does have a special role which warrants

due treatment, but it is within limits established by all the pertinent
factors that depict the situation. It is in recognition of its relative
importance that the researcher considers and recommends that the satis-
faction of economic efficiency criteria by a project (economic feasibil-
ity of a project) be a necessary condition in the selection process.

The sufficient condition is the meeting of the other constraints that
depict the pertinent dimensions of the decision space.7 Developing a
mathematical decision model based on the foregoing concept, using
systems analysis and operations research techniques, as the nucleus of
the methodology to be developed in this disseratiom, is the primary

challenge in this study.

Developments in Research and Academic Institutions

Although there have been some publications in areas other8 than
resource allocation and capital budgeting, the question of selection
and timing of projects has, in the main, been most extensively studied
in these two major areas. It was Lorie and Savage who pioneered to
articulate the major dimensions of capital budgeting problems (since
known by the pseudonym "the Lorie-Savage problems") (Lorie and Savage,
1955). This marked the beginning of a vigorous and intensive work which
resulted in the much more complete works of Weingartner (1963), Oakford
(1970), and Duff (1971). Leaving the details and sequence of improve-
ments brought about by these and other scholars in the field, the major

aspects relevant to the topic of the current study are as follows.

7For further details of this aspect, refer to Chapter IV.

8Examples of such works include: Steiner, 1959; Reiter, 1963;
Butcher et al., 1969; Morin and Esogbue, 1971.



40

The major positive features that the literature on capital
budgeting offer that constitute a better reflection of realism, in
contrast to the manuals and guidelines discussed in the previous
section, are:

1. Recognition of capital rationing and project selection as the
rule, rather than the exception, contrary to the usual disre-
gard on the ground that rationing ought not to exist when
firms behave rationally which in turn is a basic assumption
in the theory of firm and market behavior (Weingartner, 1966).

2. Provide for capital constraint considerations.

3, Provide techniques for handling project interrelationships.

Even though these are improvements of paramount importance,
selection and timing models presented in the capital budgeting literature
do not reflect in full the aspects of the real world. In particular,
they do not provide techniques for handling considerations stipulated
under numbers 1 and 4 in the foregoing section. These are legitimate
considerations that do make a real difference in the outcome of the
selection and timing of water resources projects and even more 80 in
situations laid out in Chapter II.

The mathematical model to be developed as part of the methodology
for selection and timing of water resources projects worked out in this

dissertation includes provisions to reflect these important aspects.



CHAPTER IV
METHODOLOGY
FOR THE SELECTION AND TIMING

OF WATER RESOURCES PROJECTS

"Planning by itself is a fruitless activity: The purposes of
planning are to assure the proper choice of projects and to achieve
their efficient implementation.” (Solomon, 1970)

Making the proper choice of projects and deciding when to implement
them is the concern of this dissertation. Such decisions are important
and critical in certain respects. It is even more so when the selection
and timing for implementation involves water resources projects. The
relatively highly irreversible nature of decisions to implement water
resources projects, coupled with the large magnitude of necessary
resource inputs, and hence the implicit costliness of a wrong decision,
are but a few of the many reasons why the selection and timing of water
resources projects for their implementation is one of the most important
and critical aspects of planning for national economic development.

Therefore, such decisions should be based on sound rationale and
be assisted by systematic and rigorous analytical procedures augmented

by informed judgment.

Rationale, Objectives, and Criteria

Rationale for Project Selection

The rationale for project selection must be the optimal achievement
of "a priori" specified ends. Water resources projects should not be
implemented for their own sake and they should not be considered an end
in themselves; rather, they are part of a series of chains of means used

to achieve a wider range of socio-economic objectives.

41
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In a system of interrelated sectors, activities in each sector
should be directed and monitored in order to fulfill the share of the
particular sector. Sectors are further disaggregated into subsectors
and projects. Accordingly, the national economic development objectives
must be specified as targets for the sectors and subsectors to meet in
a given time framework. Thus projects must be implemented in order to
achieve such targets with the optimal resource allocation directives--
efficiently and economically, and their selection must be based on their

effective estimated contribution to the targets.

Rationale for Timing

The outputs and services of water resources projects by and large
are intermediate commodities needed by other sectors as their inputs.
This means, for sectors that use the ocutputs of goods and services of
water resources projects as inputs to meet their respective targets by
a given point in time, the water resources projects that produce the
needed inputs should already be in existence and operating. Therefore,
implementation of water-resources projects should be timed such that it

is completed by the beginning of the respective overall plan period.
\

Objectives of Water Resources Development

The development, exploitation, and maintenance of the resources of
a nation have the aims and goals stated in Chapter 1I as their objec-
tives--in a nutshell, promote the quality of life (national welfare).
The objectives of water resources development, however stated, are
rooted in these overall goals. Although a national development plan
may list several overall objectives in varied specificities, the
objectives of water resources development can be grouped into three

major ones,
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1. To enhance national economic development (NED)--mainly
achieved by increasing the value of the nation's outputs of
goods and services and improving national economic efficiency.

2. To enhance social well-being--mainly by providing and
maintaining such social amenities as security, health,
education, employment, etc.

3. To enhance the quality of the environment--mainly by the
management, conservation, preservation, creation, restoration,
or improvement of the quality of certain natural and cultural
resources and ecological systems.

This grouping may be considered as a compromise version of those
stipulated by Senate Document 97 (U.S. Water Resources Council, 1962)
and the Federal Reigster (U.S. Water Resources Council, 1973) which 1in
turn is a further articulation and refinement of the former.

Because the purpose of this dissertation is to develop a
methodology for the selection and timing of water resources projects
for national economic development, the last two objectives are not
considered further, except to point out the following. Mainly because
of the fact that it had been impossible so far to have a valuation
system of the benefits and costs (mainly the benefits) in a quantitative
form commensurate with that used for the valuation of the conventional
primary objective, economic davelopment, the evaluation of projects and
programs with respect to these objectives could not be carried out by
the use of rigorous analytical procedures. Such goals are traditionally
agsumed to be achieved through measures such as taxatiom, subsidies,
special isolated projects and programs, etc. This is an area where

research 1s overdue. Hopefully, the work presently being undertaken
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by the Water Resources Centers of the Thirteen Western States will have

positive results in this respect.

The National Economic Development (NED) Objective

"The national economic development objective is enhanced by
increasing the value of the nation's output of goods and services and
improving national economic efficiency." (U.S. Water Resources Council,
1973)

From this statement, it is clear that the objective of NED can
be translated into measurable quantitative indicators, namely:

1. Value of output of goods and services.

2. Economic efficiency.

Implementation of water resources projects results in increased
production of goods and services which can be measured in terms of their
values. Measurements of both of the foregoing components of the NED
objective are well known (U.S. Water Resources Council, 1973; Young
and Gray, 1972; U.N., 1972; Gittinger, 1972).

Gross national product (GNP), expressed in market values, is the
measure customarily used to express the current or projected national
outputs of goods and services. Furthermore, GNP is the aggregate sum
of market values of outputs of goods and services of individual sectors
and industries of the whole economy. With respect to the water
resources sector, the sectoral component part of the GNP is in turn
the aggregate sum of the values of the outputs of goods and/or services
of individual water resources projects. For convenlence the water
resources sector may be disaggregated into subsectors (industries--in

input-output analysis parlance) according to the following traditional
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water resources project purposes and treated as a sector of the national
economy

1. Municipal, domestic, and industrial (M&I) water supply.

2. Melioration--irrigation, drainage and reclamation.

3. Hydroelectric power.

4, Navigation--inland waterways and appurtenances.

5. River regulation--flood control, low flow augmentation.

o, Recreation and conservation

The Stundard Industrial Classification Manual (U.S. Bureau of the
Budget, 1967) does not distinguish and provide for a separate water
resources division (sector) composed of the operating, administrative
and auxiliary establishments engaged in the production of outputs of
goods and services by projects and programs involving water and related
resources. The rather obvious use to be made of and benefits to be
gained from such classification and incorporation of the same in the
national record keeping and accounting system justify its adoption.

The foregoing classification not only complies with the general
principles for classification given in the manual, but also satisfies
fully the purposes of such classification (U.S. Bureau of the Budget,
1967):

"The Standard Industrial Classification was for use in the
classification of establishments by type of activity in which
engaged: for purposes of facilitating the collection, tabulation,
presentation and analysis of data relating to establishments: and
for promoting unifcrmity and comparability in the presentation of
statistical data collected by various agencies...".

Furthermore, such a provision would facilitate better water and

related resources development planning and balanced growth. It facili-

tates the maintenance and accurate tracing of objectives (depending on
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the planning strategy) through hierarchical levels of planning, thus
avoiding what McKean (1958) termed as an "inherent danger" of suboptimi-
zation--disaggregated analysis of a large system. It enables more direct
and reliable assessment of current and future demands for water resources
outputs. It also enables relatively earlier and easier detection of
bottlenecks providing ample time to carry out the necessary corrective
measure. Thus the creation of a separate water resources sector is
desirable in more ways than one; it provides a readily available informa-
tion source, facilitates better planning, enables prompt and appropriate
action based on informed judgment for better end results, all of which
are for economic development.

Getting back to the main point of this section, GNP, the aggregate
sum of the market value of outputs of goods and services of all the
sectors of the econromy, both public and private, is the measure adopted
to express the values of the nations' outputs of goods and services
and hence serve as the indicator of the first component of the NED
objective. The indicator to the second component of the NED objective,
as well as the exact form of the criteria for the selection of water
resources projects, is elaborated in the next section.

The NED objective is formally expressed as a percentage rate
increase of GNP over specified plan periods. This is further broken
down into target levels or increases in values of sectoral outputs of
goods and services and expressed in scalar quantities for operational

purposes,

Criteria for the Selection of Water Resources Projects

Objectives stated in the terms given in Chapter II may become

meaningless or confusing and certainly are not operational. They
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become meaningful and operational only when expressed as indicators in
more specific and quantitative forms. For purposes of selecting and
timing of projects for their implementation via rigorous analytical
procedures of systems analysis, objectives have to be further specified
and expressed in terms of criteria.

The methodology proposed in this dissertation incorporates a series
of procedures as well as a mathematical model. The mathematical model
is the analytical tool by which the actual selection of the projects for
the optimal achievement of the NED objectives is carried out. The use-
fulness of a mathematical model is highly dependent upon the degree of
approximation of the real case by the model. The more aspects and
phenomena (interrelationship) of the actual case depicted by a model
the better it represents the case under consideration and the more
useful it is for purposes of study, analysis and subsequent inferences
to be made. In general, mathematical models have four major components
{(Au and Stelson, 1969).

1. A set of decision variables.

2. A set of constraints.

3. An objective function.

4. An optimal solution.

The first three elements are the vital means through which the
analyst must try to depict the real situation during the problem formu-
lation and model building. In this regard, the most effective use of
these elements requires a good know-how of both the art and the science
of systems engineering as well as a thorough knowledge of the system--
physical or otherwise. Thus in determining the criteria for the

selection of projects, the appropriate relationship between the NED
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objectives and the means of the physical system (water resources
projects) should be depicted by the major elements of the selection
model.

Criteria are operational means of judging preference of alternative
choices in light of a given objective(s). They may also be seen as
approximations to measure objectives. Yet, the fact that the NED
objective is translated into two indicators may be a potential problem
of a conceptual nature in the use of a mathematical optimizing model.
According to the "Zeroth law of Operations Research" (Morel-Seytoux,
1973), one can optimize only one objective at a time. In other words,
one cannot maximize benefits and minimize costs simultaneously. An
important point of relevance that needs to be mentioned here and must
be kept in mind is that although maximization of economic efficiency
does invariably lead to maximization of outputs and services, in
circumstances where the policy of balanced growth is the operating
framework, it is not merely the maximization of the aggregate GNP that
is sought as much as it is that of the attainment of a priori identified
and specified levels of outputs and services.

Furthermore, it was resolved earlier (Chapter III) that the
economic feasibility ..’ a project (satisfactlon of economic efficiency
criteria by a project) be a necessary condition in the selection of
projects. ''Necessary" and "sufficiency' shall be understood as defined
in the report by the Technical Committee of the Water Resources Centers
of the Thirteen Western States (the Office of Water Resources Research,
1971). A '"necessary" condition is described as one in whose absence an
effect cannot occur, and a '"sufficient" condition (or set of conditions)

as one that insures the production of an effect. Thus the designation
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of the efficiency criteria as the necessary condition is appropriately
justified since in its absence, which would be a case of waste and loss,
the overall objective of NED cannot materialize. The other part of the
NED objective--"increasing the value of the nations' output of goods and
services'" may be considered as the sufficient condition (or part of a

set of such conditions). Such designation 1s even more plausible in

the framework of balanced growth for here the values of subsectoral
outputs and services necessary for the anticipated growth are identified
and given in scalar target forms. Meeting these targets insures national
economic development, hence (according to the foregoing definition) this
aspect is a sufficient condition in the selection of projects. There-
fore, to effect NED through project implementation, satisfying the
efficiency criteria is a necessary condition without which real NED
cannot occur; while meeting the subsectoral target levels of outputs

of goods and services, as a sufficient condition, insures the realization
of the desired NED.

On the other hand, criteria can take the form of indices and/or
constraints. An index is a scoring system for measuring the desirability
of an alternative while a c onstraint is a limitation on the activity
pertaining to an input (cost of project), an output (demand), or a
relationship, Thus the necessary condition of economic efficiency may
be expressed as an index and made the objective function of the mathe-

matical model.

The Economic Efficiency Criterion to be Used

Due to the fact that outlays and benefits of water resources

projects stretch over long spans of time and because of the inherent
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time value of money (social time preference), the index or measure used
to reflect preferability of projects with respect to economic efficiency
must be a discounted measure. There are three such measures that are
most commonly used at present--the benefit-cost ratio, the net present
worth, and internal rate of return. Although each can be deterimnined in

several different ways in practice, they can be expressed formally as

follows:
: -t
Y b, (1+1)
B_t=1l °©

Benefit-cost ratio = ¢ = =% (4-1)
) ct(1+1)'t
t=1
T -t

Net present worth = S = y (bt_ct) (1+1) (4-2)
t=1

Internal rate of return is that discount rate r such that § =0, i.e.,

T ¢
r=1, s.t. ) (b-c) (+i) ~ =0
: t t
t=1
in which

bt = benefits in each year

costs (outlays) in each year

Ce

i

interest (discount) rate

t =1, 2,..., T. number of years (T = life of project).

In the absence of financial limitations and when the opportunity
cost of capital (or social time preference rate) is used for discounting,
use of all the three measures leads to the selection of a unique set of

projects since the formal criteria for acceptance of all the three
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measures (Chapter III) say nothing more than to accept all projects
whose benefits offset their costs.1 Unfortunately, the real world
presents a much more complex situation of scarcity, and diverse interest
rates are in use simultaneously.

Use of the B/C ratio for ranking purposes may lead to error since
it discriminates against projects that have high gross returns and
operating costs even though they may possess higher net worth (and
hence mean more produce and growth) than projects with relatively higher
B/C ratios (McKean, 1958). Although the internal rate of return may
succéssfully be used in ranking projects, it is also liable to cause
erroneous choice when mutually exclusive or interrelated projects are
involved in the choice. Another negative feature of the internal rate
of return is that sometimes it is possible to find more than one
interest rate that will make the present worth of benefits equal to
the present worth of costs. This may happen in cases where costs of
relatively high magnitude (comparable to investment) occur later in the
project life (e.g., due to replacements of major parts or machinery).

The net present worth (NPW), being an absolute value and not a
relative measure, cannot be used for ranking acceptable alternative
projects. Yet, it is the most straightforward discounted cash flow
measure of project worth in terms of concept and calculation.

As stated in the previous chapter, when balanced economic growth is
being pursued, ranking of projects on the basis of only an efficiency
criterion is inappropriate. Also in such a case, a measure that

indicates the net worth (value) in absolute terms (rather than in some

1This is assuming that there are no proposals for which more than one

internal rate of return (roots) makes S = 0.
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potentially misleading relative terms) is more relevant, easily
comprehensible, and more reflective of the overall NED objective.
Furthermore, as deNeufville and Stafford (1971) concluded, the net
present worth is the single best criterion in situations where the
capital resources are limited and must be allocated to the most produc-
tive projects, which is the rationale stipulated earlier for the selec-
tion of projects. Consequently, the NPW will be the index used to assess
the efficiency of projects and the objective function of the mathematical
model for the optimal selection of projects for implementation will be to
maximize the total net present worth. A case in point is that all the
projects that are being considerad for implementation are economically
feasible. The model 1s intended to select that mix of projects which,

as a program, has maximum economic efficiency while satisfying the

demand levels for subsectoral outputs of goods and services deemed
necessary for the anticipated economic growth.

In using the net present worth, as is the case for all discounted
measures and apparent from Eqs. (4-1) and (4-2), as a criterion for
project analysis, the discount rate and the length of the project 1life
are parameters of cardinal importance. Past experiences have shown a
drastic change in the number of feasible projects for relatively slight
change in the value of these parameters. Studies by Fox and Herfindah&
(1964) indicated that out of the number of projects authorized for
construction by the Corps of Engineers in 1962 evaluated at an average
discount rate of 2-5/8 percent; 9, 64, and 80 percent of them showed
negative net present worths when evaluated at 4, 6, and 8 percent,
respectively. The subject of what discount rate to use in selecting

water resources projects in situations prevalent in developing countries
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(Chapters II and III) are briefly treated in the following section.
For more detail, as well as differing points of view, refer to
U.N. (1972); Maass (1962); U.S. Joint Economic Committee (1969); U.S.

Water Resources Council (1973).

The Discount Rate and Period of Analysis

The choice of the discount rate and of the life of the project are
clearly major determinants of the relative merit of projects. This is
especlally true and of particular importance with regard to large-scale
engineering (infrastructure) projects since it is typical of these works
for their relatively high investment costs to come in the very early
time period and the relatively small benefit stream to come in the dis-
tant future. The discounting procedure is as blased as the human nature
that devised it in that it attaches higher preference for present or
near future dollars and hence gives them higher weights and less weight
and preference for dollars to come in the distant future. This, of
course, is incongruent to the acquired instinct of mankind for the
aspiration of a brighter tomorrow.

The relative preference and thus greater weight for present and
immediate future consumption of the discount procedure, when coupled
with high discount rate, favors projects that yleld profits in the
immediate future (i.e., short term and small projects) and leads
to the exclusion of large scale projects with long gestation periods
which 1s characteristic of water resources and infrastructure types of
projects that are absolute necessities for meaningful and sustained
economic development of any nation. Nevertheless, use of too low
discount rates should be guarded against for they will mean inefficient

use of resources as scarce as capital resources. Certainly, the
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difficulty in determining the appropriate discount rate can hardly
be underestimated. One possible way of handling it is presented in this
gection.

The Discount Rate: The different recommendations for the

determination of the appropriate discount rate to be used in the
evaluation of public projects (commonly known as the social rate of
discount) seem to be rooted, in the main, in one of three bases, or some
combination thereof. They are

1. Opportunity cost of capital;

2. Time preference of soclety;

3. Cost of capital.

Recommendatiqns based on (1) suggest that " . .the correct discount
rate for the evaluation of a government project is the percentage rate
of return that the resources utilized would otherwise provide in the
private sector' (Baumol, 1969). This statement assumes existence of
an economy with perfect competitive market and high level of employment
as well as a profit maximization objective as the single criterion for
investment decisions. Based on the foregoing assumptions, Baumol
observes the discount rate to be the arbiter of the allocation of
resources between private and public enterprise. Such observation and
recommendation might well be correct and appropriate given the entire
scope of assumptions and objectives intact; yet, as elaborated in
Chapter 1I, neither the market conditions nor the objective of the
economic activities of most developing countries, if not that of all,
are the same as stated above; and therefore the concept may be

inapplicable if not inoperative in these countries.
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The establishment of a discount rate for public projects that would
reflect the time preference of society is inoperative for two reasonms.
First, it is practically impossible to arrive at a single interest rate
that all members of a society would agree to as being the value of
their preference to forego consumption at present for one at a specified
future tiuwe merely because of the simple fact that even a unit of money
at present has different real value to different people. This leads to
the second reason and what would seem as a natural way to solve the
dilemma faced in the first reason; i.e., let the government decide the
discount rate based on what it knows or thinks to be the time preference
of society. In reality this would mean to leave it to the whims of some
civil servant or a group of bureaucrats. This clearly would not reflect
the actual time preference of the society.

The most operative and applicable to conditions prevalent in
developing countries is to determine the discount rate based on the cost
of capital used for public projects. The cost of capital resource used
for investment by the government in the development of water and related
resources is not a unique value even for a given year since the govern-
ment's sources of capital are several. Furthermore, even if matters are
simplified by considering the amount of investment of a given project to
have come from general public fund, the fact remains that the government
acquires its funds at different costs and in different amounts from any
number of sources available to it. A typical list of possible sources
of capital resources available to most of the developing countries would
include government bonds and securities; different types of taxes and
tariffs; loans from foreign countries, foreign banks, and local banks;

etc. Therefore, the interest rate to be used in project analysis for
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discounting future costs and benefits or otherwise converting the same
to a common time base, should be based on the weighted average rate of
cost of capital available to the government for investment purposes.

This, of course, should be the lower bound for the value of the actual
rate to be used. A rather simplistic formula for the determination of

the soclal rate of discount may be expressed as follows:

i>—1-t§ik (4-3)

N b T
in which 1 = the social rate of discount

:lj = cost of capital from the j~th source
c

kj = 7} = the weight of the j-th source of capital

cj = the amount of capital obtained from the j-th source

C = the total amount of capital used for public investment

N = total number of source of public capital resources.

This procedure has both precedence and acceptance. Most
developing countries use a social rate of discount for public projects
in the range of 8 to 15 percent in 1ine with what the major financing
organizations charge as cost of their capital (deNeufvill and Stafford,
1971; Gittinger, 1972). In particular, Gittinger states that 12 percent
seems to be the most popularly used among developing countries while
the World Bank uses 10 percent in project evaluation.

Projects that involve tied loans and grants should be treated in
igsolation as special cases in conjunction with their own merits and
circumstances. Such treatment will minimize complications of the

mathematical modeling problem and simplify the project analysis work.



57

Period of Analysis: Determination of the length of the period of

analysis is a more plausible issue than that of the discount rate. The
period of analysis should be the lesser of:

1. The physical (technical) life of the project

2. The economic life of the project

This is in agreement with the recommendations of the U.S. Water
Resources Council (1973). The physical life of a project is the
duration of time through which the project is expected to render useful
service without substantial decrease in capacity, without the necessity
to replace a major investment item, or shut down due to technical
obsolescence.

The economic life of a project is the period of time when further
discounted values of project benefits and costs have no significant
effect on the decision being made--design, selection, etc.

This is evident from the form of the discount factor function:

F = (1+1)°¢ (4=4)
and

lm 1+ )7 = 0
t+o
That is, for a given discount rate i the discount factor
asymptotically approaches zero as the length of time increases.
Furthermore, the convergence to zero is reached faster as the discount
rate is increased which could easily be observed from tables of compound

interest factors (Grant and Ireson, 1970).
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The second criterion is the basis for an almost universal use

of a maximum of 50 years as the economic life of water resources

and other large scale projects with long physical life.

Component Procedures of the Methodology

A methodology for selection and timing of projects that is to be

based on the rationale stipulated at the beginning of this chapter,

must incorporate analytical procedures for the following:

1.

2.

5.

Simulation of the economy.

Assessment of demands for the outputs of each sector of the
economy--in this case that of the water rvesources sector.
Assessment of the potential output capabilities of the water
resources sector.

Optimal selection and timing of projects--selection and
timing of projects such that the objective is optimized while
the relative constraints are satisfied.

Feedback and test of selection.

The interconnection of the above mentioned component procedures of

the methodology is depicted in Fig, IV-1.

The economy must be simulated to study the structure and inter-

action among the different sectors as well as aid in making assessment

of sectoral share of outputs of goods and services towards fulfillment

of NED objectives specified by policymakers.

Selection of projects according to the rationale stipulated in

the preceding section calls for the assessment of demands on one hand

and supply on the other. The NED objectives in conjunction with the

economic simulator will be used to project the demands for each type
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of outputs of goods and services while the possible amount of the
supply of such goods and services will be known from engineering studies
of project investigation and design.

Once the demand level is established and the potential resources
capabilities kwown, mathematical programming techniques shall be
employed to decide which projects to implement in order to satisfy the
estimated demands. Such an undertaking requires an iterative approach
and hence feedback and adjustment must be carried out as new information

is learned during the entire process.

The entire methodology could be considered as a system composed of
the three classical elements of any system: lInputs; white, gray, or

black box, as the case may be; and outputs.

'Black', 'Gray'

'White' Box

—Inputs -————;"j or ‘——————Outputs-:
4 o
I

T
|
|

— — — ~Feed Backem — — —

The simulation of the economy, the NED objectives in the specified
form, and the inventory of the resources capabilities constitute the
information inputs. The analytical procedures of demand projection and
the mathematical modeling and programming constitute what in this case
may be called a gray or even a white box. Then, of course, the selected
group of projects which make up the water resources development program

are the output of the methodology. The testing and adjustments carried
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out by sensitivity analysis and similar other procedures comprise what
in general 1is referred to as feedback.
Details of the major procedures are presented in the following

sections.

Simulation of the Economy

Simulation is a miniature or abstract representation (a model) of
a large scale system or phenomenon. The model may be in the form of
physical, conceptual, or mathematical terms, or a combination thereof.
The purpose of such representation is to facilitate the study and
understanding of the real system which would otherwise be too cumbersome
and intricate to handle.

In economics, the model is usually a system of equations
representing a particular or composite aspect of some real (or assumed)
economic phenomena. The concept of a model as a system of equations,
representing a simulated reality, is useful for varied purposes such as:
a general study of the overall behavior as well as the interactions of
the different component parts of the whole system; introduce changes,
in the form of projectionor otherwise, and study possible adverse and
favorable consequences before actually effecting any of the contemplated
changes to the prototype. Similarly a model that simulates an economy
will aid in studying the economic structure and in conducting structural
analysis which is the investigation of implications of interactions of
sectors due to changing autonomous parameters.

By making use of such models, planners can explore "inter alia,"
the implications of given national objectives--e.g. maximization of

national products and likely subsequent bottlenecks or excessive
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surpluses of demands or production (supply)--and thus enhance their
rational choice in framing the national long term investment program
as well as avoid potentially undesirable courses of action.

The input-output model will be used in this study as the simulator
of the national economy for it is believed to be the best suited analy-

tical procedure available for the aforementioned purposes.

General Description of the Input-Output Model

The input-output table (model) is basically a double-entry
accounting system which records the transactions between individual
sectors (or subsectors as the case may be). [The main function of
interindustry accounting is to trace the flow of goods and services
from one sector to another. The transactions table (Fig. IV-2), which
is the formal format for presentation of the interindustry accounts,
depicts the demand and supply relationships of the economy in equili-
brium at a given time. It also shows the final demand for goods and
services and the interindustry transactions required to satisfy the
demand.

The four major quadrants of the table result from the distinctions
made between the four different transactions: intermediate and final
use of output, and produced and primary inputs.

Quadrant I--The Final Demand (FD) Sector contains the final use
of produced goods and services, broken down by major types of uses.

It is also known as the autonomous sector since it is here that changes
occur which are transmitted throughout the rest of the table.

Quadrant 1I--The Processing Sector contains the industries that

produce goods and services as well as the interindustry accounts. Each



Fig. IV-2 Interindustry Accounting System2
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The notations and the general format of the Input-Output model (with minor alterations to suit the

purpose of this dissertation) as well as the descriptions of its basics are mainly after Chenery and
Clark (1964) and Miernyk (1965).
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entry X represents the value of the output of industry or sector i

1)

at the left (producing sectors) sold to industry or sector j along the
top of the table (purchasing sectors). The entire set of these entries

{X,.} make up what is formally known as the transactions matrix. The

1}
total intermediate use of a given commodity used for further production
is identified by wi , and the total purchases from other sectors by a
given industry or sector as U, .

3

Quadrant III--Payments Sector contains the use of inputs which are

"primary" in the sense of not being produced within the system. Pri-
mary inputs are uses of such primary factors as labor, land and existing
capital (in static models). It is often represented in a row vector
form as the difference between the value of output and cost of inputs
produced outside the system and hence referred to as value added (Vj).
When preferable this sector may be disaggregated into: gross inventory
depletion, import, payments to government (taxes, etc.), depreciation
allowances, profits, households (wages, salaries, dividends, interests,
etc.), and so on.

Quadrant IV--This is a continuation of the Payments Sector and
contains the direct input of primary factors to final use (mainly in
the form of government employment and domestic services).

The last three columns of Fig. IV-2, added with the express
intention of facilitating the use of the input-output model for the
present study, break down the total supply of each commodity into
imports (Mi), total gross output (Di) and gross national product (Zi)'

Using the notation adopted in the table, the accounting is done

according to the following relationships (Chenery and Clark, 1964):



65

(4-5)
(4-6)

Y, = I, +C, +G +E (4-7)

i i i i

in which I, = value of commodity 1 disbursed for investment. This

i
category of final demand may be further subdivided into
gross inventory accumulation, gross private capital
formation, etc.

Yi = final demand for commodity 1 .

X, = X,,.+V,=U,+V 4-8

AR TR R (4-8)

Equation (4-8) states that the total production in each sector is
equal to the value of inputs purchased from other sectors plus value

added in that sector:

n
X, = L X, +Y =M 4D =W +Y (4-9)

SR e S T T T A
Equatilon (4-9) states that for each commodity total supply (Mi + Di)
is equal to total demand (wi + Yi)‘

n
b, = ) (X -M (4-10)

. )
i=1 i=1 1

-Total production
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n
7, = (X, - M) (4-11)
g=1 1 121 11

-Gross National Product (GNP)

A case in point here is the distinction to be made between GNP (Z)
and total gross supply (TGS)(X) (sometimes referred to as total gross
output) or total gross outlay (X) (see Fig. IV-2). Such distinction is
important for both conceptual and operational reasons. The GNP, more
precisely defined, is "the current market value of final goods and
services produced in a given year." It is the indicator of national
income and growth, and as such, double counting of values of goods and
services produced is strictly avoided in its computation. On the other
hand, the input-output table is designed to measure all transactions in
the economy. Some goods may enter into more than one transaction, and
hence their values counted more than once. Though this may seem to sug-
gest that these are contradicting issues, by properly identifying and
setting the input-output table it can be made to serve both purposes.
As Miernyk says (1965), input-output analysis and national-income
accounting are not two separate branches of economics. The following
explanation in symbols is intended to help clarify the difference
stated above as well as enable the setting up of the input-output
table for both usages (refer to Fig. IV-2 for identification of symbols).

By definition GNP = C + I + G + Ex - M and

X=Y+W where
Y=C+I+G+ Ex therefore

GNP =Y-M=X-W-M (4~12)
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In other words, GNP (operationally speaking) is the sum of the
final demand vectors less imports. Furthermore, Chenery and Clark (1964)

show that GNP = IV, by deriving that IV = LY - XMi and thus indicat-

h|
ing the reconciliation of the input-outgut aid national accounts.

In the OBERS (Office of Business Economic Research Services)
procedure of national accounts, GNP is determined as the sum of private
and government gross products (U.S. Water Resources Council, 1972)
which in turn are determined as products of man-hours worked and average
output per man-hour in the respective areas of private and government
sectors of employment of the productive work force.

Since there is not a unique way of setting up the input-output
table, the advantages to be gained from setting the table in the most
conducive form, for the purpose of its intended use whenever the situa-
tion permits, cannot be overemphasized. Figure IV-3 is set up in the
form best suited to the purpose of the current study. This was achieved

by adding the last three columns and including a water resources sector

as mentioned earlier in this chapter.

Important Matrices in Input-Output Analysis

The elements of Quadrant II (the processing sector), excluding the

row and column sums, comprise the elements of the transactions matrix:

x oo'x

11 n.nx

1] 1n

[x] = Xil.OOXij.CQXin

xnl. L] Oxnj L] .xnn
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necessary for the calculation of a second matrix, critical to the
input-output solution, the matrix of direct or technical coefficients.
The "technical coefficients matrix" is obtained by dividing each

entry X by the total outlay of the corresponding sector xj.

1
-811. . .alj.. .81
ot - [3] frt

The elements of the matrix of technical coefficients (aij)’ known
as direct input coefficients, indicate the amount of inputs (in terms
of value) required from each industry (i) to produce one dollar's worth
of the output of a given industry (j). This interpretation becomes

apparent from how the elements are der:l.ved.3
X
- | Ll -
aij [X (4-13)

The matrix of technical coefficients 1s useful in that it enables
one to calculate the amount of direct purchases required from each
producing industry as a result of an increase (or decrease) in the
output of one or more of the industries 1isted at the top of the table.
An even more useful matrix is the one known as the "Leontief inverse"

for it shows the total requirements, direct and indirect, of output

3In actual practice it is the adjusted gross output, which is obtained
by subtracting inventory depletion during the period covered by the
table from the total gross output (X,), that is used in determining
the direct input coefficients (aij)'
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from all industries per dollar of delivery outside the process:ing
sector, i.e., to final demand sector.

The "Leontief inverse" may be derived from the input-output table
as follows. Gross output minus intermediate use equals the new output
of the system or final demand, i.e.,

X-W=Y
or X-AX=Y
factorizing the lefthand side

(I-A)X=Y

To solve for X (in economics terms this problem reads: determine
the gross output necessary for a given amount of final demand) the

Leontief matrix,

L = (I - A) = [zij]

must be an invertible (nonsingular) square matrix, i.e., it must have

a nonzero determinant--A = |L| # 0.

- 1-1r o
1-811 e e -alj s 00 -8ln Yl
Xetlya@alya | a....1: a Y, | (4-14)
11. [N ] ij LR 2N ] in 1
-a 1-.0 anj...l-ann Ynd

The expression (I - A)-1 is known as the '"Leontief inverse" and
gives the direct and indirect requirements of each industry per dollar

of output to final demand.
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The total indirect requirement of each industry can be determined

as the following:
-1 -1
R = [rij] = [2ij] - [aij] = (I-A) = - A (4-15)

Application of Input-Output Analysis

Although the inception of the interindustry analysis can be traced
back to Quesnay's "Tableau Economique' published in 1758 (Chenery and
Clark, 1964), it is only after 1936 when Leontief published the results
of his five years of research on an empirical model of the American
economy (Leontief, 1936) that the input-output model started to find
applications. The following is a partial list of the major applications
of input-output analysis:

1. Structural analysis--The use of the model for the study of

the properties of an economy, i.e., the study of the structure and the
interaction among the parameters of the economy. Tracing the

effect of changing the values of final demand parameters (autonomous
variables) is an example of structural analysis.

2. Impact or multiplier analysis~-This application aids in

determining the relative magnitude of changes on key policy indicators
(income, employment, output, etc.) as a result of a unit change in
investment. Similarly, it may be used to study the relative amounts of
income, investment, export, etc. (components of final demand) generated
by different sectors of the economy with the apparent help to policy-
makers and planners in deciding where to intensify investment and where

to relax it in order to implement a desired development strategy.
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3. Overall economic projection--This particular application of

the input-output model enables consideration of developments in all
parts of the economy, "Such projection is concerned with analyzing the
repercussions of major government policies or programs, such as invest-
ment in public works and basic industries for economic development"

says Chenery (1964) who also ca’” . this type of projection a "guide to
sensible government policies." It is this unique property of enabling
consideration of developments in all parts of the economy that is the
primary reason for the selection of the technique of projection by means
of input-output analysis, over any other projection procedure to be
included as the major analytical tool of the projection procedure of

the methodology for the selection and timing of water resources projects.
This makes a second major usage of the input-output model by the method-
ology, the first one being the use of it to simulate the economy based
on its capability to describe the structural interdependence of an

economy.

Assessment of Demands

Various factors must be considered and several elements taken into
account when assessing total demands for outputs of goods and services
at some future point in time. The total demand for the outputs of a
sector (e.g., water resource sector) consists of intermediate“and final
demands. On the other hand, the final demands at some future point ia ’
time must be consistent with the growth level specified by policymakers
in the NED plan for the given plan period. Furthermore, Fhe development
strategy chosen by the policymakers must be éeflected in the projected

levels and mix of the demands.



72

Steps and procedures to fulfill the assessment of sectoral and
final demands for outputs of goods and services necessary to achieve
an a priori specified quantitative NED objective and complaisant to a
prespecified long range development strategy are presented in this
section.

There are four component parts to the assessment process.

1. The NED objective.

2. The development strategy.

3. The final demands.

4, The intermediate demands.

The first two parts are given to planners by policymakers. The
NED objective 1s customarily given as annual rates of increases to GNP.
Strategies are stipulated in a score of different manners and more often
than not are absolutely indefinite and not amenable to rigorous analysis
(see Chapter II).

The elements of final demands are the autonomous or independent
variables of the inpuE—outpuﬁltable and as such the ones that are read-
ily accessible for making changes in studying effects of government
policies and programs. Thus actual économic projection is made here.
Although iE is cdﬁmonly considered that the desired future values of
the elements of final demands are to be given to planners and analysts
(Chenery and Clark; 1964), and as such they are not to be concerned
about the causes of changes in final demands, the autonomous nature of
the elements of final demands could advantageously be used to link the
NED objective as well as incorporate the preferred strategy of develop-
ment elected by the policymakers with production. Some possible ways

of making such a link are discussed subsequently in this section.
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The intermediate demands are the direct and indirect demands by
the processing sectors necessary to produce both final and intermediate
goods and services., These are dependent endogenous variables. They
are dependent on the technology and the level of total final demands.

The assessment of total demands for goods and services of the
economy of a country is best done by input-output projection. The
primary reason for preferring input~-output projection over other
procedures is that it is a consistent projection, i.e., when an input-
output table is projected the output of each industry is consistent
with the demands for its products (Miernyk, 1965). The importance of
this feature in the planning and pursuit of balanced economic growth,
which is the reality of most developing countries (Chapter II), cannot
be overemphasized.

The assessment of total demands that deploy input-output projection

is carried out in three major steps.

1. Projection of final demands.
2. Computation of intermediate demands.
3. Computation of total production requirements

Projection of Final Demands (FD)

This is done by projecting each element in the final demands
sector of the input-output table. The sum of the rows of the projected
elements form the new final demands vector. Any one or a combination
of a number of approaches may be deployed in making the projection of
individual or groups of the components of the final demands. Some of

them are briefly presented in the following paragraphs.



74

Empirical relationships: The different components of the FD are

estimated as a continuation of past trends by either some form of
extrapolation or fitting some mathematical function. This approach is
readily applicable to elements that are regressable with respect to
some demographic variables--the elements of the household consumption
column are perfect examples. Another example is the Moore-Peterson
employment multiplier estimation procedure which uses an employment-
production function that measures the relationship between total
employment (in man-years) in each industry and the gross output of the
industry expressed in millions of dollars (Miernyk, 1965) .

Empirical relationships of diverse nature are used, where
available, in projecting the entries of the FD sector. Although their
usefulness in facilitating such projections is undisputed, their use is
limited since there are very few, if any, established relationships for
use in even the most cursory type of projection. This is largely
because of the fact that such relationships lack universality, and have
to be developed (and be constantly updated) on a case by case basis for
each country, and the prohibitive nature of data acquisition involved.

Disaggregation of GNP: In this method the new level of GNP is

disaggregated into sectoral components and then dispersed horizontally
backwards into the elements of FD according to historical patterns of
distribution or some other basis. This approach assumes continuation
of past trends and no change in the structure of the industrial system
and their share in production. Such an approach may be more appropriate
for use in mature economies than for developing ones.

Disaggregation of GNP into sectoral component parts based on

strategic reasons such as desired composition of diversification and
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designating the elements of the FD to ramify the chosen strategy, an
approach employed by several countries, is much more suitable to under-
developed countries than one based on past pattern.

The scarce-factor approach: Priority is given to sectors and

industries that either economize scarce factors (mainly capital) or
use large amounts of abundant ones (labor intensive). Activities in
such sectors are intensified and corresponding elements of the FD
increased while those of capital intensive sectors are deferred. The
apparent difficulty of delineating the sectors into the foregoing cate-
gories hinders the widespread usage of this approach. Multiplier
analysis in conjunction with informed judgment can be used to assist
in such identification. For example, large entries in the household
row of the matrix of technical coefficients of a closed input-output
table with respect to the housenold's sector indicates that the
purchasing sector at the top is a labor intensive one.

Key sectors approach: Sectors that are key to the economic

development are identified and the corresponding entries in FD are
projected according to some guidelines. This is the approach mostly
followed by strategists and planners who are proponents of the school
of thought that investment in social and public overhead and basic
(heavy) industries is the prime mover and an absolute necessity for
accelerated and sustained economic development. The usual procedure
followed in this approach is one of analogy. A country with an
economy of the desired structure and level is selected wad the major
components of its FD are adopted with some adjustments. This method is

very popular among the developing countries because of its simplicity
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in application and coherence of the approach to the planning on long
range bases adopted by these countries.

None of the foregoing approaches can be uniformly applied to
arrive at the projected values of each and all entries of the FD
sector. Rather, they can be used in combinations or one at a time
depending on the suitability of the approach to the nature of the
particular entry and column under consideration, to identify the
sectors and columns of the FD that are instrumental to effect the
elected strategy. After such sectors and columns are identified the
exact level to which an entry of the FD should be projected can be
determined by an iterative process that seeks the convergence of the
difference between the final demands and imports vectors to the pro-
jected (target) GNP level where the latter is the control.

This is the most viable approach that can be recommended at the
present time to link the overall NED objective, development strategy,
and production of goods and services. It will enable the assessment
of total production of goods and services necessary to meet the NED
objective targets via an elected development strategy.

A point that needs mention here is that an experienced economist
should be consulted in identifying key sectors for the given strategy.
The expertise of an experienced economist in this area should be sought
and the need for it cannot be overemphasized. Although there is no
dispute as to the importance and necessity of such expertise all along
the selection and timing of projects for NED, it is acutely indispens-
able in the phase of identifying key sectors relative to specific

development strategies.
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Computation of Intermediate Demands (Projection of the Processing Sector)

This computation is carried out to find the transactions by the

processing sectors necessary to sustain the newly projected level of

final demands. A well established procedure exists to parform such a

computation and its steps are given below (Miernyk, 1965).

1.

Obtain the projected final demands vector as the row sums of
the projected component elements of the final demands sector
including projected imports.

Compute adjusted projected final demand by first multiplying
the projected final demand by the ratio of inventory depletion
to final demand in the base year, then subtracting this amount
from the projected final demand.

Post multiply the transpose of the Leontief inverse matrix,
[L]'l. by the adjusted projected final demands vector. The
product is the new adjusted total gross output for each
industry.

Multiply each element in the i-th column of the technical
coefficient matrix by the i-th element of the transposed
adjusted total gross‘outputs vector obtained ia step 3. The
result is the processing sector of the projected transactions
table. The row sums of this matrix form the elements of the
new intermediate demands vector.

To obtain the total gross output vector, add the appropriate
inventory adjustment which was subtracted in step 2 to the

adjusted total gross outputs found in step 3.

4The appropriate "inventory adjustment' refers to the application of
the inventory adjustment referred to in step (2) to the Leontief
inverse matrix so that both the direct and indirect effects of the
adjustment are accommodated in the new total gross output vector.
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6. Set up the new projected transactions table by entering the
computed values of its components in the foregoing steps in

their appropriate slots of the tabulation.

Total Production Requirement

The total production requirement is the amount of goods and
services that the producing sector has to deliver to both final and
intermediate users. The new total production requirement is the sum

of the projected intermediate and final demands less projected imports.

Recapitulation

In this section of the dissertation, a procedure that uses
input-output projection in conjunction with the overall NED objective
and development strategy to forecast the economic transactions and
predict the total production requirements for the outputs of goods and
gservices of the individual sector (and subsector) of the economy has
been presented. It is preferable to do the projection in constant
prices for the kind of planning and level of decision making that the
methodology suggested is addressed to.

The major steps of the projection procedure are as follows:

1. Obtain th: overall NED objective in an appropriate form for

the planuing period(s) under consideration.

2. Obtain the elected strategy for the economic development for

the planning period(s).

3. Identify key sectors and elements of final demands that are

instrumental in implementing the elected strategy.

4, Project the identified elements of the final demands sector

consistent with the policy objective and strategy as per 1
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and 2 along with all other final demands necessary for
continued growth.

5. Compute transactions of the processing sector and intermediate

demands consistent with the projected level of final demands.

6. Compute the total production required from the producing

sectors to satisfy the new demand levels for both the final
and intermediate uses.

The foregoing projection procedure helps determine the total
production of outputs of goods and services necessary to achieve a
desired growth level a priori specified by policymakers. The deployment
of the input-output projection procedure endows significant advantage
in that it enables determination of both direct and indirect require-
ments to sustain a given level of final demands. The ability to deter-
mine all required demands is in turn very important for it will improve
the certainty of meeting demands by selected projects and programs and
hence attain the aspired level of growth. More importantly, it provides
production targets, and near realistic ones, for project selection and
program formulation on the aptness of which the warrantee to the
aspired growth lies. The selection of projects to meet such targets
is to be accomplished through the use of mathematical programming tech-
niques which is presented in the section next to the following.

In the next section assessment of resource capabilities, an
apparent prerequisite to project selection and plan formulation, is

presented.

Assessment of Resource Capabilities

In order to formulate a program that will meet the projected

future demand levels. it 1s necessarv to know the resources canahilities
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that can readily be employed to satisfy the estimated production
requirements. After all, the core issue of the subject of project
gselection is one of satisfying demand by literally matching supply to
demand. Of course it is the output capability of the projects that
constitute the available supply.

Assessment of resources capabilities in the area of water resources
development involves an extensive and relatively detailed inventory of
the quantity and characteristics of water and related resources,
appraisal of opportunities for their beneficial use, determination of
ways and means of their management and exploitation, as well as
jdentification of possible limitations to their full utilization and
ways of mitigating such limitationms.

The scope and procedures of the investigations necessary for water
resources development project-designs and plan-formulations are pre-
sented in sufficient detail in publications of the U.N. (1964) and the
U.S. Bureau of Reclamation (1972). Thus, presentation of the same here
is omitted.

The data necessary in the selection of water resources projects
include estimates of: net economic values of project outputs of goods
and services; costs of construction, operation, maintenance and
replacements; length of project construction period; project life;
capital and other resources available for project implementation, etc.
The quality of these data must be of high reliability in order to assure
the ability of the development program to produce at least the values
estimated and that it will be implemented at no more than the estimated
costs. Data of such quality are produced as a result of studies con-

ducted at the project-feasibility-study levels.
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From the foregoing paragraph it is evident that assessment of
resources capabilities up to and including project-feasibility-studies
18 a forerunner undertaking to project selection for implementation.
Furthermore, project selection involves two or more projects. It is
logical that the larger the number of projects to select from the
greater the possibility of selecting a set with higher performance
(whatever the measure of performance may be). It is also a known fact
that such project investigations are expensive ventures and require
long ranges of time. It seems one is faced with a dilemma.

In actuality, the cost of investigation is negligible compared to
investment costs in water resources development. Therefore, despite the
seeming dilemma, water resources project investigation and project for-
mulation up to the economic feasibility level should be carried out on a
continuous basis, especially in countries where long range development
planning is adopted. In this way, the inefficient (and expensive in the
long run) pilecemeal approach of solving problems by seeking solutions
after problems of critical nature have risen can be gvoided. The
situation in the countries of the Sahel region of North Africa involving
problems caused by drought in 1973-74 should be more than enough evi-
dence to serve as a lesson and grounds for the justification of con-
tinuous resources capabllities assessments.

The appropriate format for the presentation of the data for use
in the selection and timing of water resources projects should be

similar to that used for the example problem (Chapter V).
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Optimal Selection and Timing5

"Optimal selection” in this study refers to selection of a set of
projects that optimize a given objective function while satisfying all
pertinent constraints in the areas of available resources, project
relationships, etc. Another dimension of optimality is the timely
provision of the water resources project outputs for use by the other
gsectors of the economy. Specific ways to handle the aforementioned

aspects are presented in the present section.

Timing

As stipulated earlier, water resources projects should be timed
such that project outputs are available for use by other sectors over
the ensuing planning period. This 1s necessary since most outputs of
water resources projects are intermediate goods and as such required by
other sectors in the production of their respective outputs.

In light of the foregoing condition for project timing, there may
be an inherent problem in cases where a selected set of projects con-
tains one or more projects with necessary construction period longer
than the time available between the time its output is scheduled to be
made available for use and the time the gelection is made. Such
possible contradiction could be eliminated by one of two ways.

One way is to check and make the necessary adjustment as a
separate exercise after the selection in the feedback and adjustment
phase (Fig. IV-1) of the entire process.

The second and more expedient way is to include an expression
in the body of the mathematical model that would exclude the projects

with construction periods in excess of that aJailable.

5For notations used in this section refer to p. xii.
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System Decomposition

Since project selection and formulation of development programs
covering the entire economy of any country is a rather large problem,
it would be expeditious and advantageous in more ways than one to
decompose the problem and tackle it in parts.

The water resources sector, as most other sectors, is a small
enough part compared to the entire economic system and yet complete
and diverse within itself to be treated as a relatively separate and
complete subsystem. Geoffrion (1972) calls such subdivision of large
problems into subproblems a "solution strategy," in contrast to "problem
manipulations,' which are ways of simplification mainly by restatement
of the original problem. An example would be formulation of the dual
of a linear programming problem.

The additive nature of the input-output model, used to simulate
the whole economy, is a positive feature in this regard since the
concept of "the whole being the sum of its component parts,'" which is
one of the rationale basis of decomposition and resynthesis of large
systems, is built into the input-output model.

However, the stage at which a large system is decomposed and the
subsystems are treated separately is important and may lead to erroneous
decisions if done at a stage different from the appropriate one. In the
methodology given herein, decomposition is effected only after the total
production requirements have been assessed. This is crucial because
the production target should include all final and intermediate, direct
as well as indirect demands, lest there be bottlenecks resulting from
unsatisfied demands.

Once the production requirements are computed (given in the

immediately preceding section), the problem of the selection and timing
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of projects to meet these requirements can be carried out on a sector
by sector basis. Such decomposition decreases the size of the problem
and makes it manageable while not affecting the outcome in any way
since the projects and programs to be selected to meet the sectoral
targets are unique to the individual sectors (see basis for sector
identification, U.S. Bureau of the Budget, 1967) and meeting the said
demands is the only link that connects (in addition to recelving its
own needs of inputs) a glven sector as a producing unit to the other
parts of the economy.

Therefore, the water resources sector will be treated separately
in the problem of the selection and timing of projects needed to meet
production targets computed in the manner described in the preceding
section. Though a subsystem of the economy, the water resources
sector is disaggregated into, as described earlier, subsectors according
to types of outputs. Thus the target level of production is expressed
as a vector. This target level is determined for each subéector

according to the following relationship and schematically displayed in

Fig. IV-3.

\V]

Spr = 6“ + 1/25“T+ Jr) + ::, by (4-15)
in which

8gr = Ppr " Dp(r ~ 1)

D =GNP + W

T T T

e t
GNe_ = ] GNP (1 +g) (4-16)

t=1 o

or
=Y -M
T T
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The production target level of a given commodity (6:1), which the
new projects to be selected are to provide, is determined as the sum of
the difference between the total output requirement level at the
beginning of a given future planning period (Dzr) and the one prior

(D )) plus half of what is required for the next planning period

2, (=1

(62 (1+1)) and the amount of capacity lost due to termination of the
]

services of existing projects (Z bzv)' All of these terms are to be
expressed in terms of their marZet values.

A production level determined in the foregoing manner provides for
the average requirement over the length of each successive planning
period. Such provision coupled with interim revisions and updating of
the selected projects and program within the longer ranges, as more

information becomes available, should enhance both flexibility and

adequacy of the water resources program.

Mathematical Programming Technique

The general mathematical programming problem is to solve a
mathematical problem (presented as a mathematical model), i.e., it is
to find the optimum value (maximum or minimum, as the case may be) of
an objective function while satisfying all the constraints. In Plane's
(1971) words: '"Mathematical programming is the family of mathematical
manipulation techniques which solves the general mathematical program-
ming problem." Mathematical programming techniques are as different
and diverse as the mathematical problems (models) they seek to solve,
which in turn are as diverse as the real world problems which the
mathematical models seek to depict.

The selection of the programming technique depends upon several

factors such as: nature of the real world problem to be programmed,
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the form of the objective and constraint functions, the form of the

available data, available or known technique to the programmer, and

other similar aspects.

The programming technique employed for tackling the selection and

timing of water resources projects is the zero-one integer linear

programming technique. Zero-one integer linear programming is the

best suited technique for the problem that this study is addressed to

for the following reasons:

1.

2.

3.

4.

5.

The objective and constraint function are linear.

The sele;tion of a set of projects is a process characterized
by a combinatorial phenomenon.

The indivisibility of the water resource projects (i.e., in
the selection of projects for implementation, a project is
selected as a whole unit or rejected). In other words, it is
meaningless to have fractions of projects as the solutions to
the mathematical model.

It has comparatively less dimensionality problem when
considering multipurpose, multiproject, and multiple time
frame. This would be a problem in particular, if dynamic
programming were to be used (Butcher, Haimes, and Hall, 1969).

The relatively readily availability of computer codes.

The strength and scope of application of zero-one integer linear

programming are given extensive coverage in the literature in the works

of Balinski (1965), Pritsker et al. (1968 [b], [c]), Watters (1968),

Plane and McMillan (1971), and others.

In zero-one integer programming, the decision variable takes

either of the binary values of 0 and 1. Thus in the present study
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1 if project number k is selected for implementa-
Pkr - tion by the beginning of plan period =

0 otherwise

Mathematical Model

The main aspects of mathematical modeling are the identification
of the relevant variables (parameter identification) and formulation of
the functional relationships of the variables required to model the
situation under study. Thus a mathematical model is a representation
of the relationships of the pertinent parameters of a real world problem
in the form of an objective function and constraints. The logical basis
and the steps of constructing mathematical models are elaborated at
length by Pritsker et al. (1968 [a]) and will not be repeated here.

The overall objective of this dissertation is to develop a
methodology for the optimal selection of water resources projects that
will enhance economic development. In the foregoing sections, proce-
dures for making projections of outputs of goods and services consistent
with NED objectives have been presented. Furthermore, what is to
constitute the objective and constraint functions have been delineated
and stipulated in explicit terms and in full for the former and in part
for the latter. Here, the mathematical model for the optimal selection
of water resources projects will be presented in a more complete form.

The specific problem to be translated into a mathematical model is:

Select a set of water resources projects {p}, for implementa-
tion by the planning period number Tt , out of a given set of
economically feasible projects K , that maximize economic

efficiency (as measured by net present worth of projects)
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while satisfying the production requirement levels and
without exceeding a given budgetary limitation, as well as

other constraints pertinent to the situation.

The Principal Mathematical Model

N K

Maximize [} [ SN (4-16)

ke T=lk=l

Subject to:

1,

4.

Satisfaction of production targets

K

— v -
kzl blk‘r pk't > 521 fort =1, 2,..., N (4-17)
£=1, 2,..., n

Budgetary constraints
K —

= -18
EchplﬂscT 1=1, 2,..., N (4-18)
k=1
Bivalency (zero-one) constraint

ka = 0 or 1 (4-19)

Nonexceedence of length of available time by project

construction time (or project maturity time)

Bk Py < 9T (4-20)

Observance of the above stated condition can be brought about in

several other ways such as the following:

a. forced exclusion of projects until the necessary construc-
tion and maturity time has elapsed. This concept is in
effect the converse of consideration 9 stated further

below. The expression to be used is the following:

jed PjT =0 (4-21)

in which J is the set of projects being excluded;
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follows.
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b. another way would be to create dummy projects, with zero
costs and henefits, and require their implementation at
such time when the length of construction and maturity time
of their real counterparts has elapsed while making the
real projects contingent upon the corresponding dummy ones
(see considerations 7 and 9 below).

Nonrepetitive selection of any given project

T

I Pl (4-22)
=1
and CkT in (4-16) and (4-18), repectively, are defined as

¥ t
Sep = L S, (L+d) (4-23)
t=1 o
T -t
1+ 1)

S =2 B - C = z s (

kto kro kro =0 kt

n T
Z Blpe (1 + 1) t_ 3y e L+D™E (4-24)

t=0 1=1 t=0
T -t
Cor = 1 Cr (L+1) (4-25)
t=1 o
T
Ce = L o, A+D7F (4-26)
o t=0

Note: Since it has been suggested that the projection of the input-

output model, and hence that of the total production level be

done in constant prices, the value of average project outputs

Dok

and not discounted value of benefits should be used in

(4~17) at subsequent plan period (t =1, 2, ..., N).
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Additional Considerations

In addition to the constraints stated as part of the principal
model, appropriate expressions that will take into account pertinent
relationships particular to the situation at hand must be included
in order to ensure a sound decision. These are mainly cases of project
relationships and such matters as ensuring inclusion of an isolated
project deemed necessary for reasons other than those incorporated in
the mathematical model. Mathematical expressions for incorporating
some of the cases that may frequently be encountered in the selection
and timing of water resources projects are given below as continuation
of the body of constraints of the entire mathematical model.

6. Mutually exclusive projects--These are a set of projects {L}
out of which only one can be selected, i.e., acceptance of one project
precludes acceptance of all others in the set. Such projects are
encountered in water resources when there are two or more alternate
project designs for a given site or in the case when there are a
number of impoundment projects on sites located at very close range to
each other that only one site could be used. One equation of the
following type should be added for each set {L} of mutually exclusive
projects.

T

p. <1 (4-27)
kel 1t=1 kt

7. Contingent projects--When acceptance of a project (K) is
dependent on the acceptance of another project(s) (j), thus the first

project is contingent on the acceptance of the latter. This is also a



92

rather frequent reality among water resources projects. The following
type of relationship should be added for each pair of contingent

projects.

T
P - zP SO, T=1, 2’ -ol’N (4-28)
kT t=1 it
8. Compulsory precedence~-When the acceptance of a project (k)
may be possible only after the passage of a given number of periods of
time (a) after the acceptance of project (j). Such a condition can be
imposed by the following relationship.
T-a
Pk‘r- Z Pjtso ’ T=1’ 2, ll.’N (4-29)
t=1
9. Compulsory acceptance--This is a situation when implementation
of a project (k) is deemed necessary for reasons other than incorporated
in the mathematical model. To insure inclusion of such a project in the
selected set of projects the following expression should be added for

each such project.
] B_=1 (4-30)

Compulsory deferment is expressed by making the right-hand side equal
to zero.

A special case would be when the implementation of project k
is desired to take place at time T = y. In this case expression (4-30)

takes the following form.

PkY =1 (4-31)
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Independent projects, those projects whose acceptance is not
affected by the inclusion of others, do not require special treatments
and the principal model is adequate for their selection. Another case
that needs to be mentioned here, although its treatment is almost
apparent, is the case when a project can be implemented in stages.
This case may be handled by considering each possible sucessive stage
as a separate project and by including in the model the appropriate
contingency compulsory precedence and mutually exclusivity constraints.
For example, a project that can be implemented in (n) stages may be
represented as (n + 1) separate alternative proposals and the set can
be included in the mathematical model by making appropriate use of

expressions given under 6, 7, and 8.

An Alternate Problem

The foregoing mathematical model is formulated for a situation
where the budgetary ceilings are a priori specified.

More often, in the real world officials responsible for the
development of the water and related resources of a country are
charged not only with the task of formulating and carrying out programs
consistent with the NED objectives stipulated in the periodic national
development plans but also submit requests for appropriation of funds
necessary to implement the programs.

In such cases the problem may be formulated as follows:

Which are the projects to be included in the water resources
program as part of the overall action program of the long

range national development plan and what is the least amount
of investment necessary to be appropriated from the national

treasury?



94

The mathematical model for this problem is the following

c P (4-32)

Minimize f Kkt Kt

)
k
Subject to all the constraints of the other model except the

budgetary constraint.

Feedback: Testing, Analysis, and Adjustment

This section is included to stress the need of learning by
gathering new information as well as by conducting tests on the deci-
sions arrived at and making the necessary adjustment in order to
achieve better end results. Such activities include "inter alia"

infeasibility analysis, sensitivity analysis, and so on.

Infeasibility

Infeasibility of solution to the mathematical programming problem
may be caused, among other reasons, due to infeasibility of the
development program.

The primary causes of infeasibility caused by the developmené
program by and large are related to inadequacy in resources necessary
to carry out the desired level of growth. Specifically, this may be
either insufficient capital resource to fund all projects necessary to
meet the production target or lack of water resource sector capabilities
in the sense that the outputs of the known projects are short of meeting
the target demand levels.

On the other hand, the NED policy adopted might have been
unrealistically ambitious and was made without consideration of the

nation's resources base.
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By relaxing each type of constraint one at a time the decision
maker (or the analzst) may learn the bottleneck area and using additional
information and informed judgment recommend measures to alleviate the
bottleneck, thereby hopefully converging to a feasible solution. Some
possible steps that may be recommended to alleviate the aforementioned
causes of program infeasibilities are:

1. Seek and secure additional capital resources. This is in

the case when the violation of the capital resource constraint
is responsible for the solution infeasibility.

2. Lower the level of the NED objective to some acceptable level

without jeopardizing the long range growth.

3. Initiate a crash program of identification and study of

potential water resources projects.

4. Seek administrative policy measures that may be used to

alleviate the bottleneck.

Furthermore, other measures based on informed judgment by
interdisciplinary groups should be sought and the model as well as the
decision subsequently updated and readjusted. It should be well
remembered that the selection process, as any other major part of
development planning, is an iterative process and the mathematical
model can only help the process by enabling easier detection of
bottlenecks and expediting the analysis of alternative policy trials.
0f course, as a better information base develops the number of such

iterations should decrease.

Sensitivity Analysis

Sensitivity analysis is a technique used to analyze the sensitivity

of the optimal solution to changes or uncertainty in the input data.
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There are several questions to which sensitivity analysis may be
employed to gain insights and certainly it is an invaluable means of
improving the quality of diverse kinds of decisions. The many
techniques and uses of sensitivity analysis are adequately presented
by Dantzig (1963), Wilde and Beightler (1967), deNeufville and Stafford
(1971) and in almost all books in the field of Operations Research
(e.g., Hiller and Lieberman, 1969).

As the parameters used in the selection model (water resources
capabilities, capital and other related resource availabilities, as
well as the production requirement levels) are seldom known with a
reliable degree of accuracy, as they are only estimates, the planner
or the analyst must couple the optimal project selection with an
investigation of the sensitivity of the optimum selection to possible
changes in these parameters. Such sensitivity analysis is an inevitable
feature of project selection exercises especially in the light of the
possible repercussions and consequences inherent in an overall program
b;ing formulated to effect balanced and coordinated economic
development.

The most important types of sensitivity analysis to be conducted
when carrying out optimal project selection using a zero-one integer
linear programming technique are those concerned with variation of
the constraint vector--mainly the elements of the target levels in the
case of the present study. This type of sensitivity analysis is known
in the literature as "specifiéétion sensitivity analysis" (deNeufville
and Stafford, 1971). Analysis of the effect on the optimal solution
of perturbations in the elements of the constraint vectors would help

determine the sensitivity of the selection to inaccuracies in the
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projection of demand levels. It may also aid in detecting bottlenecks

mentioned in the foregoing section and hinting ways of alleviating

then.



CHAPTER V

ILLUSTRATIVE EXAMPLE

In this chapter an example problem based on hypothetical data is
set up to illustrate the application and to demonstrate the workabiligy
of the methodology developed in Chapter IV.

Due to the unavailability of the necessary data in the appropriate
form, application of the methodology could not be demonstrated on an
actual case of a given country. However, separate parts of the data
used in the example problem represent actual cases since they have been
taken from documents of several countries. Thus, while the example
problem is not concerning a particular country, it 18 conceivable that
there could have been a country with the given economy, NED objectives
and strategies, as well as the resources used in this example problem.
Besides, the purpose to be served here is not so much to conduct a
case study as it is to illustrate the mechanics of the application
of the methodology. It is also hoped that using semi-hypothetical data
(as opposed to one using entirely hypothetical data) will make it
evident that the necessary data could be processed and made available
in form and kind appropriate for usage in the methodology upon its

acceptance as a standard practice.

Statement of the Problem

The overall problem may be posed as follows:
Given
1. the economic structure of a country by way of an input-output

table,
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2., its long-range national economic development (NED) objectives
and strategies,
3. the potential capabilities (and limitations) of its water and
related resources (including capital);
select the water resources projects to be implemented during subsequent

plan periods for the optimal realization of the stated objectives.

Basic Data

Economic Structure of the Country

The input-output tables for Pakistan economy for the years 1954 and
1963/64 prepared by G. Rasul (1964) and W. Tims (1965), respectively,
were used in conjunction with other census material (Government of
Pakistan, 1968(a,b), 1970) to produce the input-output table depicted
in Table V-1 and used as the simulator of the economy of the country of
the example problem.

A water resources sector, disaggregated into three major subsectors,
is added to the conventional input-output table. This is done in order
to facilitate the assessment of the direct and indirect demands for the
outputs of water resources projects. Census and other Government
publications (Government of Pakistan, 1965, 1968(a,b), 1970) have been
used in the estimation of the transactions of the water resources
gector with the other sectors of the economy.

Notice the absence of a separate government column in the Final
Demands Sector (for identification of notations see Fig. IV-2). This
is characteristic of developing countries where, by virtue of the fact
that the government is involved in almost all sectors to a large extent,

separate record keeping is practically impossible.



Table V-1

Input-Output Tabla of the Example Country

(in millions)
Sectors 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 | Agriculture & Forestry 1551.75 753.35 0.86 11728.20 0.13 1.72 1249.25| 2056.94 15.90 186.96
2 | Animal Husbandry 662.12 211.56 ?8.29 8.47 33.24
3 | Mining and Quarrying 35.68 113.66 2.39 0.96 8.15
& | Fuel & Pover 35.00 1.45 4.84 2.20 1.44 1.21 1.63 0.29 0.15 4.16 31.19 13.59 4.86
5 | Chenical Industry 78.54 3.73 3.39 0.56 3.55 2.97 0.22 4.09 122.29 39.08
6 - Basic Metal 11.33 .86 23.62 6.18
7 i Machigery 13.29 0.28 52.14 0.68 0.09 0.52 1.95
8 -g Others (Smithies) 62.70 9.70 49.42 838.74 0.69 23.03 2.41 .
9 - Non-Ferrous Products 0.48
10 :5 Wood-work 0.97 0.99 2.25 5.35 0.83 8.00 0.43 1.81
11 | Agricultural Process 53.36 15.35 278.80 421.50
12 { Food Industries 131.24 3.17 3.76 3s5.08
13 | Other Consumer Goods 43.02 804.81
14 | Paper & Printing Ind. 3.3 0.96 0.18 0.12 44.07 73.98 25.29 41.19
15 | construction 542.05
16 § M & I Vater Supply 0.26 45.97 126.69 109.20 37.43 118.87 48.46 5.53 1.82 195.34 543.58 203.72 87.93
17 Eg Irrigation " 141.20
18| Hydroelectric 5.60 4.10 1.69 2.48 1.63 0.97 0.85 1.09 0.06 0.06 1.82 10.90 9.69 4.24
19 | Services 189.75 718.98 22.40 148.4A 167.07 119.79 92.65 1242.49 6.39 30.57 450.63 657.49 585.49 229.58
Total Intermediate Inputs 3322.33 1853.94 75.24 483,17 316.67 181.93 318.93 | 13953.14 20.64 35.83 1553.30 3676.60 | 2276.77 602.00
Paymeats 27194.61 4937.05 212.56 216.17 500.75 531.42 | 2516.18 21.25 11.83 21.83 527.63 1836.66 § 1200.93 328.98
Total Gross Outlays 30516.94 6790.99 287.80 699.34 818.42 5$33.35 | 2834.43 | 13974.39 32.47 57.66 | 2480.93 5513.26 | 3477.70 $30.98

00T



Table V-1 (continued)

Input=Output Table of the Example Country
(12 aillions )

Sectors

15

16

17

18

19

| J

c

E H 4 X D z
1| agriculture & Forestry 101.32 27.64 }17674.05 |10933.75 1236.31 | 672.83 {12842,89 |30516.94 |29844.11 [12170.06
2| Animal Husbandry 7.04 950,72} 5557.13 205.75 77.39 | s840.27 | 6790.99 | 6713.60 | 5762.88
3 | Mining and Quarrying 28.46 0.26 | 188.56 | 47.13 13.23 | 46.17 | 99.24 | 287.80 | 241.63 } 53,07
4 | Fuel & Power 7.54 6.26 0.21 48.39 | 162,20 | 499.07 4.80 | 33.27 | s37.14 | 699.34 | 666,07 } 503.87
5 | Chemtcal Industry 35.73 63.33 | 357.53| 342.06 28.19 | 90.64 | 460,89 | 818.42 { 727.78 | 370.25
6 Basic Metal 36.51 78.50 | 45.47 | 409.18 0.20 456,85 | 333.35 | 333.35 ] 454.85
7 Machinery 65.83 0.34 15.60 17.03 | 167.55 | 689.34 | 822.73 18.39 | 1136.42 | 2666.88 | 2634.43 | 1698.01 | 1530.46
Others (Saithies) 460.33 9.27 | 1656.29 |12408.99 30.69 30.86 47.56 |12518.10 |13974.39 [13926.83 [12470.54
Non-FPerrous Products 1.03 151 27,09 0.53 3.38 | 30.9% 32.47 1 29.13 | 27.62
Wood—work 7.05 0.06 27.74 17.61 0.25 12.06 29.92 57.66 45.60 17.86
11} Agricultural Process 790.01 | 337.41 | 227.06 { 1120.39 6.06 | 1690.92 | 2480.93 | 2579.50 | 1684.86
12 | Food Industries 0.98 25.50 | 199.73 | 5230.57 27.00 82.96 | 5313.53 | 5513.26 | 5434.71 | 5230.57
13 | Other Consumer Goods 3.97 | 851.80 | 2363.99 10:00 | 217.73 36.18 | 2625.90 | 3477.70 § 3443.52 | 2591.72
14 | Paper & Printing Ind. 18.21 103.92 { 333.42 | 238.91 326.90 31.75 | s97.56 | 930.98 | 899.23 | 565.81
15 | Construction 617.70 4.10 5.60 | 600.13 | 1769.60 2437.01 1.15 14,77 | 2452,53 | 4207.16 | 4192.79 |2438.16
16 § M & I Vater Supply 471.87 31.21 7.96 | 2025.79 | 2260.29 2260.29 | 4286.08 | 4286.08 | 2260.29
17 :‘:.‘%’ Irrigation * 141.20 181.20 | 141.20
18| 3 | Bydroelectric 4.26 7.34 21.11 4.564 8.99 91.40 10.10 10.10 | 101.530 | 101.50 10.10
19 | Services 604.50 | 445.40 5.82 19,23 | 1444.41 ] 7181.28 | 1171.19 1171.19 | 8891.45 | 8891.45 | 1171.19
Total Intermediate Inputs 2480.29 | 459.00 31.38 76.18 | 2368.98
Paymeats 1726.87 | 3827.08 | 109.82 25.32 | 6522.47
Total Gross Outlays 4207.16 | 4286.08 | 141.20 | 101.50 | 8891.45 | 34448.88 | 42180.10 |3936.67 3231.68 | 2289.00 |51603.06 | ses76.05 | 84396.09 | 49314.16

|0
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NED Objectives and Strategies

Here again the long range (20 years) objectives and strategies of
the Pakistani Government as stated in its "Long-Term Perspective Plan"
and reproduced in its Third Five Year Plan (1965-70) (Government of
Pakistan, 1965(b)) is adopted to be the NED objectives and strategies

of the example country.

The NED Objectives: The objectives of the Perspective Plan are:

1. A quadrupling of the Gross National Product;

2. Provision of full employment to the entire labor force
by about the middle of the Perspective Plan period;

3. Parity in per capita income between regions;

4. Universal literacy; and

5. Eiimination of dependence on foreign assistance.

The main instrument for achieving the foregoing objectives is stated
to be a fast rate of increase in Gross National Product-~-an average
growth rate of 7.2 percent over the plan period. The basic framework
of the long term growth is given in Table V-2.

Growth Strategies: The major strategies chosen are: moderate

increases in gross investment; decrease in investments requiring foreign
assistance; substantial increase in exports; and considerable import
substitution in capital goods and intermediate products whose domestic
production is projected to increase at the rate of 10.0 and 13.7 percent
per annum, respectively.

The entire strategy in general, and the ptojectipn of increased
production of capital goods and intermediate products at such a very

high level in particular, is intended to effect significant structural
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Table V-2
Basic Framework of Pakistan's Long-Term Growth
(1965-85)
(Rs. Million; 1964-65 prices)
1965-85
(annual
compound
rate of
growth)
1965 1970 1975 1980 1985 3
A. Key Magnitudes
1. Gross national
product
(market prices) 45,540 62,765 89,815 129,690 187,300 7.2
. Gross investment 8,400 12,700 19,180 28,650 42,800 8.5
3. Gross domestic
savings 4,710 8,515 15,180 26,150 40,800 11.4
4. External
resources 3,690 4,185 4,000 2,500 2,000 -3.0
5. Exports 3,050 4,800 7,300 11,000 14,000 7.9
. Imports 6,990 8,985 11,300 13,500 16,000 4.2
B. As a % of the GNP
1. Gross investment 18.4 20.2 21.4 22.1 22.9
2. Gross domestic
savings 10.3 13.6 16.9 20.2 21.8
3. External
resources 8.1 6.6 4.5 1.9 1.1
4. Exports 6.7 7.6 8.1 8.5 7.5
. Imports 15.3 14.2 12.6 10.4 8.6
C. Key Assumptions
1. GNP growth
rate (%) 5.2 6.5 7.3 7.5 7.5 7.2
2. Population growth
rate (%) 2.6 2.7 2.8 2.6 2.1 2.6
3. Marginal rate of
savings (%) 22 22 25 28 25 25
4, Capital-output
ratio (gross) 2.8 2.9 2.9 2.9 3.0 2.9
5. Marginal propensity
to import (%) 12 9 6 4 6

Source:

Third Five Year Plan (Government of Pakistan, 1965)



104

changes of the economy of the country--from basically agricultural to
one that is diversified, from one of net capital importing to self
supporting.

A quantitative breakdown of the strategies is given in Tables V-3
and V-4 while the desired structural changes are stipulated in Table V-5.
For further details refer to the long-term Perspective Plan in the

Third Five Year Plan of Pakistan (Government of Pakistan, 1965).

Table V-3
Growth Pattern in the Perspective Plan

(Million Rs.; 1964~65 prices)

Annual
compound
rate of
growth
(1965-85)
1965 1970 1985 %
1. Agriculture 21,055 26,870 62,500 5.6
2. Manufacturing 5,195 8,365 36,500 10.2
(a) Consumer goods (3,235) (4,515) (13,000) (7.2)
(b) Intermediate products (1,620) (3,300) (21,200) (13.7)
(c) Investment goods (340) (550) (2,300) (10.0)
3. Other sectors 17,115 24,165 75,300 7.7

43,365 59,400 174,300 7.2
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Table V-4

Balance of Payments in the

Perspective Plan

(Million Rs.; 1964-65 prices)

Annual
compound
growth
rate
1965 1970 1975 1980 1985 (1965-85)
1. Exports 3,050 4,300 7,300 11,000 14,000 7.9
2, Imports 6,990 8,985 11,300 13,500 16,000 4.2
(a) consumer
goods 1,830 2,025 2,220 (2,500) (3,000) 2.5
(b) capital
goods 2,015 2,840 4,300 (5,500) (6,500) 6.0
(c) intermediate
products 3,145 4,120 4,780 (5,500) (6,500) 3.7
3. Balance of
payments
(deficit 2-1) 3,940(2) 4,185 4,000 2,500 2,000 -3.5
4., Percentage of
total imports
financed from
own exports 44 53 65 82 88
Table V-5
Structural Changes in the Perspective Plan
(Percentages; 1964~65 prices)
1950 1965 1970 1985
1. Output 100 100 100 100
(a) agriculture 60 49 45 36
(b) manufacturing 6 12 14 21
(c) other sectors 34 39 41 43
2. Employment 100 100 100 100
(a) agriculture 75 65 62 49
(b) manufacturing 11 12 14
(c) other sectors 25 24 26 37
Source: Tables V-2 through V-5 are taken from Third Five Year Plan

(Government of Pakistan, 1965).
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The guidelines stated in Tables V-2 through V-5 were used in
projecting the final demand and import levels given in Tables V-6
and V~7, respectively, for further use in the assessment of total
demands and determination of incremental production requirements in
successive plan periods (Appendix A). The aggregate sectors specified
in Tables V-2 through V-5 are interpreted and disaggregated in terms of
the sectors used in the input-output table as follows:

a) Agriculture includes sectors 1 and 2

b) Consumer goods includes sectors 11 through 13

¢) Intermediate products includes sectors 4 through 6, and 9

d) Investment goods includes sectors 3, 7, and 15 through 18

e) Others includes sectors 8, 10, 14, and 19

Resource Capabilities

The resources considered and incorporated in the mathematical
model are capital, land and potential water resources project outputs.

Capital: The budgetary allocation for watér resources development
of Pakistan has been adopted to be the capital resource for the first
and second plan periods (Government of Pakistan, 1970) with further

extrapolation of the third and fourth.

Plan Period (t) Budget (E;) (in millions)
1 9,965
2 15,965
3 35,930
4 61,081

Water and related resources: The potential water resources

projects in this hypothetical case are surface water from three major
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Table V-6

Projected Final Demands
(in millions)

Final Demands (Yir)

Average annual
compound rate

1 of growth
Sector 0 1 2 3 4 2
1 12843.00 16865.00 22148.00 29084.00 38193.00 5.60
2 5840.00 7669.00 10071.00 13225.00 17367.00 5.60
3 99.00 159.00 257.00 414.00 666.00 10.00
4 537.00 1022.00 1946.00 3704.00 7050.00 13.70
5 461.00 878.00 1670.00 3180.00 6052.00 13.70
6 455.00 866.00 1649.10 3138.00 5973.00 13.70
7 2667.00 4295.00 6917.00 11140.00 17942.00 10.00
8 12518.00 18142.00 26294.00 38107.00 55229.00 7.70
9 31.00 59.00 112.00 214.00 407.00 13.70
10 30.00 43.00 63.00 91.00 132.00 7.70
11 1691.00 2394.00 3390.00 4800.00 6796.00 7.20
12 5314.00 7524.00 10653.00 15084.00 21358.00 7.20
13 2626.00 3718.00 5265.00 7454.00 10554.00 7.20
14 598.00 867.00 1256.00 1820.00 2638.00 7.70
15 2453.00 3951.00 6362.00 10247.00 16502.00 10.00
16 2260.00 3640.00 5862.00 9440.00 15204.00 10.00
17 - - - - - 10.00
18 10.00 16.00 26.00 42.00 67.00 10.00
19 1171.00 1697.00 2460.00 3565.00 5166.00 7.70
GNP 49314.00 69168.00 98399.00 141296.00 202894.00 7.20

1Refer to Table V-1 for sector identification.
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Table V-7

Projected Import Levels
(in millions)

Average annual Imports (M, )
compound rate

2 of increases

Sector 4 0 1 2 3 4
1 4.20 673.00 827.00 1016.00 1248.00 1533.00
2 4.20 77.00 95.00 116.00 143.00 175.00
3 6.00 46.00 62.00 82.00 110.00 148.00
4 3.70 33.00 40.00 47.00 57.00 68.00
5 3.70 91.00 109.00 131.00 157.00 188.00
6 3.70 - - - - -
7 6.00 1136.00 1520.00 2034,00 2122.00 3643.00
8 4.20 48:00 59.00 72.00 89.00 109.00
2 4,20 3.00 4.00 5.00 6.00 7.00
10 4.20 12.00 15,00 18.00 22.00 27.00
11 2.50 . 6.00 7.00 8.00 9.00 10.00
12 2.50 83.00 94,00 106.00 120.00 136.00
13 2.50 34.00 38.00 44.00 49.00 58.00
14 4,20 32.00 39.00 48.00 59.00 73.00
15 6.00 14.00 19.00 25.00 34.00 45.00
16 6.00 - - - - -
17 6.00 -- - - -— -
18 6.00 - - - - -
19 6.00 - -— - - -
2

Refer to Table V-1 for sector identification.
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rivers which are primarily for irrigation and power, and groundwater
development which is mainly for M & I water supply. The information
about the projects i1s by and large real and is borrowed from feasibil-
ity studies of projects in Turkey (Republic of Turkey, 1970), and
Pakistan (World Bank Study Group, 1969) with some alteration made to
more fully display the application of the methodology.

The projects are schematically depicted in Figs. V-1 through V-3
and the date necessary for use in the selection and timing model are

given in Table V-8.

Important project interrelationships are as follows

River basin I:

Contingent projects:

3 upon 2 13 upon 12 20 upon 19
5 upon 3 15 upon 13
6 upon 4 16 upon 14
7 upon 2 17 upon 12

Mutually exclusive projects:

2 and 4 12 and 14 21 and 18
2 and 8 12 and 18 21 and 14
2 and 9 13 and 17 21 and 12
4 and 8 14 and 18 22 and 19
3 and 7 12 and 19 22 and 21
9 and 8 19 and 14 22 and 12
9 and 4 19 and 18 22 and 14

2] and 19 22 and 18



Table V-8

Cata on Water Resources Projects
Stage Valuss of Project outputs Project Compound amounts of costs and net wvorths
and {in millioas) maturationj of Projects at the begining of plan periods
i mm- Descripeions d "::m ;'::;:u:l Pf_' i TZ::I = r;:ud Net T? 91'52! . t=3 4
index bl tion bz b3 Benafits costs C S yrs. oY) 5 3 3 s s
1 2 3 ) 6 7 8 9 10 11 12 13 14 15 16
Projects From River Basin 1
1 Karskaya 347 4924 2243 2618 9 3296 3847 4842 5652 7115 8304
2 2.1 (Low Tasustu 173 2462 1669 793 5 2452 1165 3603 1712 5294 2515
3{2.1.1 [add 6x10° bas. to P, by
pump irrigation 604 2 8546 5186 3360 2 7620 4937 11196 7254 16450 10658
4 2.2 |p, & P, combined 604 171 11008 6855 4153 5 10072 6102 14799 8966 21744 13173
$]2.1.2 [add 3x105 has. to Py 451 1 6424 5876 548 2 8634 805 12685 1183 18639 1738
6]2.2.1 |add 3x105 has. to P, 451 1 6424 5876 548 2 8634 805 12685 1183 18639 1738
7§2.1.3 |add 7x10° has. to P, 1055 1 14970 11062 3902 3 16253 5733 23881 8424 35089 12377
8 2.3 |p, &P conbined 1055 172 17432 12731 4701 5 18706 6907 27484 10149 40383 14912
9 Righ Tasustu 947 443 19735 11397 8338 8 16746 12251 24604 18000 36151 26448
10 Lov Golkoy 97 1370 688 682 3 1011 1002 1485 1472 2183 2163
1 Righ Golkoy 947 399 19115 17806 1309 7 26162 1923 38440 2826 56480 4152
12] 12.1 | Low Karababa 121 1748 1476 269 5 2169 395 3164 581 4682 853
13] 12.1.1] add 3:105 has. to Pu 453 1 6422 4616 1806 2 6782 2654 9965 3899 14641 5729
14] 12.2 jP, & Pu combined 453 122 8170 6092 2078 5 8951 3053 13152 486 19324 6591
15}12.1.2 .| ad4 4x105 bas. to Pl! 604 2 8600 4701 3899 2 6907 5729 10148 8417 14912 12368
16{12.2.1 | add 4x10° has. to l’“ 604 2 8600 4701 3899 2 6907 5729 10148 4817 14912 12368
17]12.1.3 | a4 7x10° bas. to P2 1057 3 15022 9317 5705 3 13689 8382 20114 12316 29553 18096
18 12.3 P12 & P17 combined 1057 124 16770 793 5977 5 15858 8782 23300 12903 34235 18959
19] 19.1 | Middle Karababa 177 2518 1979 539 6 2908 792 4272 1164 6277 1710
20§19.1.2 | add 7x10° o Po 1057 16 15233 9127 6106 3 13410 8972 19704 13182 28951 19368
21} 19.2 1’19 & on combined 1057 193 17751, |11106 6645 6 16318 9763 23976 14346 35228 21078

01T



Table V-8

continued
1 2 3 A S 6 7 8 9 10 11 12 13 14 15 16
22 HBigh Karsbaba 949 262 17191 11338 5853 8 16659 8600 24477 12636 35964 18566
Projects From River Basio II
Taxbela 224 53 3353 1885 1468 10 2770 2157 4069 3169 5979 4656
2 24.1] Low Gerisla (side storage 78 26 1600 1200 400 5 1763 587 2591 864 2806 1269
from Tarbela)
24.1.1 | Raige sz 123 28 1725 1045 680 4 1535 999 2256 1468 3315 2157
2 High Gariala ('l’z‘ & st
combined) 201 54 3325 2102 1223 7 oss 1797 4538 2640 6668 3879
27| Dbok Pathan (side storage
from Tarbela) 53 213 3250 2575 675 8 3783 992 5559 1457 8163 2141
Dhok Abbaki (pumped stor-
age from Kalabagh) 52 209 3200 2500 700 7 3673 1029 5397 1511 7930 2220
29 Kalabagh 1451 216 54 21051 10996 10055 9 16156 14773 23739 21707 34879 318%
Kattema 2500 30583 20983 96001 35 30830 1§105 45299 20725 66558 30451
Projects From River Basin III
31 Fictar 2740 33530 18850 14680 10 27696 21569 40694 31692 59792 46565
32} 32.1] Mangla 78 26 1600 1150 1485 4 1690 2182 2483 3206 3648 4710
33]32.1.2 | Raise P32 123 28 1725 1040 685 3 1528 1006 2245 1479 3299 2173
34 High Mangla 78 123 56 3325 2050 1275 6 3012 18/3 4426 2753 6503 AD4A4
3s Bohtas (side storage
from Mangla) 1500 1835 9240 9110 3 13576 13385 19948 19667 29309 28897
Ground HWater Projects
36 Shorkot Kamalia 16 159 72 87 4 106 128 155 188 228 276
37 Eohri Morch 340 3290 1890 1440 [ 2777 2116 4080 3109 5995 4568
38 Ponjnad Abbasia 610 5970 2520 3450 4 3703 5069 5440 7448 7993 10943
39 Shujsabad 26 259 65 194 4 96 285 140 419 206 615
40 Ravi Syphon Div. 306 3009 686 2323 & 1008 3413 1481 5015 2176 7369
41 Rohri South 348 3417 1465 1952 5 2153 2868 3163 4214 4647 6192
42 Balwal Qata 900 8837 5701 3136 4 1712 4608 2515 6770 3695 9947

111



Table V-8

Continued
1 3 4 7 8 9 10 11 12 13 14 135 4“_1
43 Fordwah Sadiqis 08 3023 832 2191 5 1222 3219 1796 4730 2639 6950
o4 Bagari Sind 18 180 11 69 5 163 101 240 149 352 219
45 Sukkur R. Bank 18 178 102 76 5 150 112 220 164 324 241

(434
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Figure V-1 River Basin I
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Figure V-2 River Basin II
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Land resource limitation:

There are only 700,000 has., of irrigable land in this river
basin. This fact is incorporated in the selectioﬂ and timing
model by requiring that the total irrigation benefits from all
the projects in this river basin do not exceed the potential
maximum revenue from all the irrigable land.

River basin II:

Contingent proijects:

24 upon 23
25 upon 24
26 upon 23
27 upon 23
28 upon 29

Mutually exclusive projects:
24 and 27
24 and 26
27 and 28

River basin III:

Contingent projects:
33 upon 32
35 upon 32

or 35 upon 34

Mutually exclusive projects:
32 and 34

Compulsory precedence by at least one time period:

The following projects cannot be implemented unless at

least one plan period has elapsed after the implementation of



117

projects they are contingent upon (refer to Table V-8).

25 upon 24

33 upon 32

A frequent occurrence of such relationships is when
parallel impiementation of a pair of contingent projects is
impossible. The following set of expressions are designed to
ensure observance of such interdependencies among pairs of
contingent projects and facilitate correct selection without
eliminating any possible choice (n is the number of periods

that must elapse between the construction of projects j and k).

N
Per = L Py(ren)

<0
T=]
Pkr + Pjr <1
? (5-1)
P, =~ P <0
kt =l j(tin)
1

Prcrim) ¥ By (o)

The groundwater projects are independent of each other.

Assessment of Production Requirements

The elements of the final demand vector were projected in
accordance with the development plan objectives and strategiles and
presented in Table V-6. The projected final demand vector for each plan
period was further used in assessing the direct and indirect require-
ments for outputs and services of the different sectors of the economy
as well as that of the water resources sector.

A computer program has been developed for the projection of the

input-output table and for the assessment of incremental production
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requirements for project outputs of goods and services in subsequent
plan periods. The program code as well as its input and output

printouts are included in Appendix A.

Selection and Timing of Projects

The mathematical model developed in Chapter IV is employed for
selecting projects to be implemented by the start of the plan periods
so as to provide the direct and indirect requirements for the outputs
and services of the water resources sector by all the sectors of the
economy in order to meet the long range development objectives and
targets. Of course, it is to be done within the constraints of capital,

land and other resources.

Solution Algorithm Employed

Known techniques for solving the general zero-one integer linear
programming problem that could possibly be tried for solving the mathe-
matical problem at hand include Balas' (1965, 1967) additive algorithm,
and an improved version of Balas' by Lemke and Spielberg (1967) called
DZIP; Geoffrion's (1968, 1969) RIP30C that is based on an implicit
enumeration algorithm utilizing a strongest surrogate constraint which
is very similar to that developed by Glover (1965); and cutting plane
algorithms, including that of Lawler and Bell (1966). These are only a
few of the ever growing number of algorithms reported in the literature.
For a more complete summary of zero-one integer programming algorithms,
refer to Gue et al. (1968) and Geoffrion and Marsten (1972). Despite
the fact that the number of algorithms reported to exist is large and

ever growing, they are not readily available for applied use.



119

Of the many algorithms developed for solving zero-one integer
(all or mixed) programming problems, most of the reports on computational
experience (Peterson, 1967; Trauth and Woolsey, 1969; Gue et al., 1968;
Geoffrion and Marsten, 1972; Pettway, 1973) show that Geoffrion's
enumerative algorithm with surrogate constraints is superior to all
the others for the range of problems to which they were applied.

Pettway's study (1973) led to the conclusion that of the more
available integer linear programming algorithms, enumerative (implicit)
types converged faster than the cutting plane types and that the
algorithms of Lemke and Spielberg (1967) and Geoffrion (1968) were the
best of those studied by him--mainly small size problems of which the
largest was 25 x 28. The other studies (Gue et al., 1968; Geoffrion,
1969; Geoffrion and Marsten, 1972) firmly conclude, based on studies
involving greater numbers and larger problems than used by Pettway,
thgt Geoffrion's RIP30C is superior to all as the fastest converging
algorithm and assert that the necessary solution time has a polynomial
relationship with the number of variables while this is an exponential
relationship in the other algorithms.

The studies made so far do not make an exhaustive inquiry into
computer storage requirements as related to the size of problems and
algorithms used. This is a matter that deserves investigation since
in an n-variable zero-one problem there may be as many as 2" possible
solutions. Furthermore, the consensus among experimenters is that
these algorithms are characterized by large computer space requirements
and that there is little hope of solving problems with more than 100
variables in a reasonable amount of machine time. This concern is

strongly expressed in the article by Gue et al. (1968). They also
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hold the view that Geoffrion's algorithm is the most promising for
handling large problems with possibly some further improvements.
Therefore, since ;11 evidences seem to indicate that Geoffrion's
algorithm RIP30C, is the best, it is chosen for solving the problem in
this study.
Necessary problem manipulations: RIP30C is written to solve
integer linear programs of the following form
Minimize ecx
subject to Ax+b 2 0
xj =0orl
in which ¢ and x are N-dimensional vectors, b 1is an M-dimensional
vector, and A 1s an MxN matrix.
Any bounded integer program can be reformulated to conform to the

given form using elementary manipulations such as the following.

The objective function: If the problem is a maximization problem,

which is the case of the example problem, the objective function (but
not the constraints) must be multiplied by -1. This follows from the
fact that the maximum of any function f i1s the minimum of ~f.

The constraints: The algorithm requires that all the elements

of [A] as well as the constraint vector b be put on the left side of
the inequality sign.

Inequalities of the sense 8y < 0 are changed to 84 >0 by
multiplying by -1.

Equality constraints must be replaced by two inequality constraints
of different sense and the one with the sense of gy S 0 multiplied by

-1, That 1s, given gy = 0, proceed as follows:
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84 20 gy 20 gy >0
gi = () a> => ad>

IA

81 0 -gi

v
o
LF
v
o

in which gj 4 -84

Results and Analysis

In order to ensure global optimality of the solution to the
foregoing problem it should be treated in its entirety, i.e., include
all the variables (45) and for the entire number of plan periods (4).
The solution then will represent an optimum water resources program that
is tailored to ensure a sustained national economic development for a
future time span of twenty years according to the desired rate and
strategy given in the national long range development plan.

But, as if designed to substantiate Messrs. Gue and associates'’
fear that the algorithms require large storage space and may be impos-
sible to be used in solving large problems (Gue et al., 1968), it
turned out that the presently formulated problem is too large for the
CDC6400 computer available at Colorado State University, with an
operating core space of 140,0008. The size of the constraint matrix is
244 x 180 and it is much larger than what the algorithm had been applied
to, according to available information. The problem became excessively
large, even though the number of decision variables are only 45, for two
fundamental reasons: 1) It is a combinatorial problem. 2) Imbedded in
its linear appearance it has dynamic aspects accounting for several

time periods by replicate constraints (see Table V-9).
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Table V-9

Effect of Dynamic Aspect of the Selection and Timing Problem in its Size

No. of Plan Periods No. of Variables No. of Possible Solutions
1 45 3.5 x 1003
2 90 1.2 x 1027
4 180 1.5 x 10°%

The problem can be made amenable for solution by employing a
sutitable solution strategy t:echnique.3 At this moment the most suitable
technique appears to be the Dantzig-Wolfe decomposition technique which
is best suited to problems with a large number of both variables and
constraints. This procedure is most efficient when applied to linear
programs whose coefficient matrices have block-diagonal structure linked
with coupling equations (Lasdon, 1970). The other attractive feature of
this technique is the fact that it does not require much computer
storage since the intermediate steps (column generation) require almost
no storage space (Lasdon, 1970).

Despite the fact that the technique appears to be tallor-made to
alleviate the difficulty encountered by the example problem, it could
not be used in this study as there is no computer code available which
is based on the Dantzig-Wolfe decomposition algorithm to solve a zero-
one integer linear programming problem. Although it is an interesting
area for further study, it is beyond the scope and objective of the

present study to develop such a code.

3"Solut:ion strategy" techniques reduce an optimization problem to a
related sequence of simpler optimization problems as opposed to
"problem manipulation" techniques which are devices for restating a
given problem in an alternative form that is apt to be more amenable
to solution. (For detailed explanation refer to Geoffrion, 1969).
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The purpose of this chapter, as stated at the beginning, is to
illustrate the mechanics of each procedure and step of the methodology
on an example problem that is as close to the real world situation as
circumstance can allow it to be made. This goal can be achieved by
simply reducing the size of the problem.

Reducing the size of the problem in this case means either
reducing the number of variables (number of project proposals) or
reducing the number of plan periods (the time horizon). The logical
choice would be to reduce the number of plan periods, while making the
rather evident assumption that the project selection and timing is an
exercise to be repeated and updated periodically, rather than reducing
the number of alternatives which would seriously compromise demonstra-
tion of details in this study and would be an unrealistic course of
action when seen in the light of real world situations.

Results: The available computer storage capacity would barely
permit solving the problem for two plan periods whose constraint matrix
is (134 x 90) which in this case amounts to a span of ten years.

The computer program used as well as its inputs and outputs are
given in Appendix B. A summary of the result is given in Table V-1l.

Special findings: Solving the problem for only the first plan

period and then for two consecutive periods simultaneously resulted in
two different Aets of projects for the first plan period indicating that
separate plecewise solution could lead to a nonoptimal solution. The
two solutions are given in Appendix C.

For some reason, Geoffrion's algorithm of implicit enumeration with
surrogate constraints could not produce a solution to the two time

period problem, although it did for the one time period. But the option
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available in RIP30C of the implicit enumeration algorithm (the Balas
algorithm), without the use of the imbedded linear program to solve the
surrogate constraints, did solve the problem, although it took more
computer time than the former would have taken.

On the practical side, it was learned that the allocated budget
of 15965 x 106 (Rps) for water resources development in the second plan
period is grossly inadequate while that of 9965 x 106 (Rps) allocated
for the first plan period is excessive by a fair amount. By trial
and error the necessary budget for water resources development was
found to be 7634 x 106 and 47525 x 106 (Rps) for the first and second
plan periods, respectively.

The initial trials led to raising the budget allocation for the
second plan period to 50,000 x 106 resulting in an optimal solution
summarized in Table V-10. A study of the table reveals that the power
supply in the first plan period and that of both powef and irrigation
water in the second are provided for more than three hundred percent
by the selected projects. It may be possible to remove some of the
projects without compromising the demand targets and thereby making a
cut in the budget.

Based on the study of the balance of supply and demand, it seems
possible to exclude project number 2 from the first plan period and
projects 28 and 36 from the second. This may be achieved by cutting the

6 for the respective

6
budget to b"’1 7634 x 107 and bl"2 45542 x 10
plan periods. This trial proved to be infeasible. A further inquiry
revealed that project number 28 could not be excluded since project

number 29 is contingent upon it and the latter has to be included in

the selection for the second plan period in order to satisfy the M&I



Table V-10

Summary of the 1lst Selection Results

Average Annual Values of Project Outputs (106)

I Plan period (1t = 1) Total Target
Selected projects 2 10 38 39 40 42 43 44 45
M&I water (b;) -—- --- 610 --- 306 900 308 -~- --- 2472 2430
Irrigation (bp) -——- -—— -— 26 --- - -— -—- 18 18 62 54
Hydropower (b3z) 173 97 --- -—- -—- -—- - e 270 48
Project cost (bg) 1669 688 2520 65 686 1465 1165 832 111 102 9303 9965
Project Maturity
time (T) 5 4 4 4 4 4 5 5 5 5
ITI Plan period (t 2)
Selected projects 28 29 31 32 36
MGI water (b;) -—- 1451 2740 78 --- 4269 3866
Irrigation (b3) 52 216 --- --- 16 284 76
Hydropower (bz) 209 54 -— 26 --- 289 73
Project cost (bg) 3673 16156 27696 1690 1060 48747 50000
Project Maturity
time (T) 7 9 10 4 4 10

6e1



Table V-11

Summary of the Final Selection Result

Average Annual Values of Project Outputs (106)

I Plan period (T = 1) Total Target
Selected projects 10 36 38 39 40 41 42 43 45
MGI water (bj) --- -—-- 610 --- 306 348 900 308 --- 2472 2430
Irrigation (by) -—- 16 -—- 26 ——- -—— =e- -—- 18 60 54
Hydropower (bsz) 97 -—- -—- -— -—— ——— ee- ——— =-- 97 48
Project cost (bg) 688 72 2520 65 686 1465 1165 832 102 7634 7634
Project maturity
time (T) 4 4 4 4 4 5 4 5 5 5
II Plan period (1 = 2)
Selected projects 28 29 31
M&I water (bj) -—- 1451 2740 4190 3866
Irrigation (by) 52 216 -—- 268 76
Hydropower (bz) 209 54 ——— 263 73
Project cost (bg) 3673 16156 27696 47525 47525
Project maturity
time (T) 7 9 10 10

921
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water supply requirement as there is no other set of projects that
could produce as much (see Table V~8). The next logilcal trial is to
exclude projects number 32 and 36 from the second plan period by
setting b4,2 = 47525 x 106. The result, which happens to be the final
water resources development program for the example country, is
summarized in Table V-11.

The highest demand and the tightest provision of the selected
program is for M&I water supply which could not tolerate more than 2
(1.7 to be exact) and 8 (8.3) percent possible increase over the
estimated demands for the first and second plan periods, respectively.

The supply of irrigation water could tolerate an increase of
demand over that projected of up to 11 percent in the first plan period
while that of power may double. The supply of these outputs is more
than 300 percent more than what is projected for the second plan period.
This is primarily due to the inseparability of projects number 28 and 29
under the existing circumstances. Therefore, a strong recommendation
should be made to initiate an intensive investigation for a potential
independent single purpose project (or one with power--but this is not
a requirement since there are feasible projects that could supply the
necessary power demand) that could match the M&I water supply output

capacity of project number 29 which would certainly cost less than

projects number 28 and 29 combined.



CHAPTER VI

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The case has been made that central planning is most desirable for
Yalanced, accelerated, and sustained nafional economic development (NED)
to take place. It is even inevitable if the ever widening gap between
the developing and developed nations is to start closing.

Furthermore, projects that comprise sectoral programs, which in
turn are subsets of the entire NED plan, should be selected on the basis
of their contriputions to the attainment of NED objectives and targets.
Such pragmatic program formulation requires a methodology that utilizes
quantitative analytical procedures to carry out the selection of projects
that best accomplish the NED goals without overlooking available
options and within the resource capabilities of a nation. Developing
such a methodology has been the objective of this study. This objective
has been fully achieved.

A methodology that provides for ample measures to incorporate all
relevant considerations characteristic of water resources projects
selection and timing to promote balanced and sustained economic
development in centrally planned and coordinated framework (for details
of the major consideration refer to p. 37, Chapter III) has been
developed. This makes the methodology far superior to present
techniques.

The methodology 1s composed of several analytical procedures. The
input-output model is used to simulate the economy of the country, in
making consistent projections of the elements of final demands in

accordance with NED objectives and strategies, and in assessing total
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and incremental requirements for sectoral outputs of goods and services
in subsequent plan periods. A mathematical model is developed and zero-~
one integer linear programming is employed to make the selection of
projects that yield an optimal water resources development program for
the number of planning periods under consideration.

Application of the methodology on the example problem as a whole,
and the points discussed under "Special findings' (Chapter V) in
particular, indicate the capacity of the methodology to incorporate
details and enable the performance of rigorous analysis which certainly
makes it a very useful tool in the process of NED planning. Thus,
applied carefully and judiciously it will improve the insight gained and
hence the final decision reached regarding the selection and timing for
implementation of water resources projects to promote NED. Furthermore,
the methodology could in principle be applied to similar decision
making in the other sectors of the economy provided that the necessary
data in the appropriate kind and form are made available.

The only limitation on extended use of the methodology learned from
the computational experience is the rather large computer storage
requirement which becomes prohibitive when the selection and timing
problem involves a large number of projects and several time periods.
Further research efforts should be directed in developing new algorithms
(or adopt existing ones such as the Dantzig-Wolfe decomposition
algorithm) with efficient computer codes that use solution strategy
techniques for abetting the dimensionality problems associated with
large size problems.

Concomitant to the adoption of the methodology as a standard

procedure in the national economic development planning process is the
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reorganization of the format and scope of the data collection and
processing on national resources base and economic transactions. Water
résources should be classified as a separate economic sector and in-
cluded in the input-output table of the economy. Water resources
project identificafion and studies up to and including feasibility’

reports should be carried out on a continuous basis.
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APPENDIX A: COMPUTER PROGRAM AND OUTPUTS OF INPUT-OUTPUT
PROJECTION AND DETERMINATION OF PRODUCTION

REQUIREMENTS.
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START

DIMENSION:
TT, TR, DC, FD, TGO,
ATGO, PT, D, AM, DE

\

READ:
PARAMETER CARD -

N = NO. OF SECTORS
MMsNO. OF PROJECTED FD
LM:=:NO. OF PROJECTED IMPORTS

TT, TR, FD
|
[ inmiaLizE T=0 | ADJUST
| TRANSACTION
[ COMPUTE TGO | MATRIX
¥
/  WRITE TGO /
¥

COMPUTE MATRIX OF
DIRECT COEFFICIENTS [A]

i

[ compute (1-A) |
|

| INVERT (1-A) |

1S
(1-a)"! NO

STA By

L] fpmees

| TzT+| ]
y
[ computE NEW TGO |
]
COMPUTE PRODUCTION
REQUIREMENTS D(J)
i

COMPUTE INCREMENTS IN
PRODUCTIONSF:E())UIREMENTS
J

¥
WRITE: FD (J), TGO (J)
IMPORTS (J), D(v),8(J)
IS
6T MM >0

Fig. A-1 Flowchart for the Assessment of Production Requirements
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PROGRAM 10 (INPUTOUTPUT»TAPES=INPUTs»TAPE6=0UTPUT)

NOTES

N=NUMBER OF SECTORS

MMa=NUMBER OF PROJECTIUN PERIODS OR NUMBER OF FD VECTORS
KM=IMPO RTS °

TT=TABLE TITLES .

TR=TRAN SACTIONS MATRIX

DC= DIRECT COEFFICIENTS

TGO=TOTAL PRODUCTION REGUIREMENTS

DATA

CARD 1=NeMM.LM

PARAMETERS CARD START AT COLUMN 1

CARD 2-TITLE OF TABLES 80 COLUMNS

CARD 3 FORMAT OF TRANSACTIONSs8 (F L0.2)
CARD 4 NO. OF TRANSACTIONS CARDS TO BE READ
CARD 5 =~ FORMAT OF FD (8F10.2)

DATA CAROS

BLANK CARD

DIMENSION TT(L10)s TR(40+40)y DC(40+40)y FD(40)» TGO(40)s ATGO(40)
1 PT(40+40)y D(40) s AM(40)y DE(4Q)

READ (5+138) NoMMoLM

L=0

READ (S5+139) (TT(I)sI=1910)

READ (S¢139) FMT

DO 101 I=1sN

READ (S+FMT) (TR(I9J)9sJ=19N)

READ (5+139) FMT

READ (S+FMT) (FD(I)eI=19N)

CALCULATE TOTAL OUTPUTS

DO 102 I=1,.N

TGO(I)=FD(I)
DO 102 J=14N
TGO(I)=TGO(I)*TR(1sJ)
IF (LMoNEe]) GO TO 104
READ (SeFMT) (AM(I)eI=19N)
DU 103 I=14N
D(I)=TGO(1)~-AM(1)
IN=N/10
IF ((10%IN) EU,IN) GO TO 105

WRITE OUT TRANSACTIONS TABLE

INZINe])

IM=]

IF (INeLTe1) IN=1

DO 1n7 KK=],4IN
WRITE (64140}
WRITE (691ul) KKoIN
WRITE (by142)
KC=KK#]10
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115
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141

IF (KC«GT.N) KC=N
WRITE (6+143) (1sI=IMyKC)
00 106 I=1sN :
WRITE (6+194) Is(TR(I9J)ed=1HyKC)
WRITE (6+142)
IM=KC+1
CONT INUE
WRITE (6+146)
DO 108 I=14N
WRITE (6+145) FD(I)»TGO(I)

COMPUTE DIRECT COEFFICIENTS

00 109 J=19N
DO 109 I=14N
DC(I+JI=TR(I+J)/TGO(J)

WRITE OIRECT COEFFICIENTS

IN=N/10
IF ((10%IN).EQ.IN) GO TO 111
IN=IN+])
IM=]
IF (INeLTel) IN=1
00 115 KK=14IN
IF (L.EG.1) GO TO 112
WRITE (6+107)
GO T0 113
WRITE (6+148)
WRITE (6elal) KKsIN
WRITE (6+¢142)
KC=KK#](
IF (KCeGTsN) KC=N
WRITE (6+143) (IsI=IMsKC)
00 114 [=1sN
WRITE (6+4149) I9(DC(IsJ)yJd=IMyKC)
WRITE (6+142)
IM=KC+]
CONTINUE
IF (LeEQel) GO TO 124

COMPUTE I-a

00 116 I=14N

DO 116 J=14N
PT(1sJ)=0C(1+d)

DC(I4J)==DC(IsJ)

DO 117 I=1N

DC(IeI)=1e0¢DC(IoI)

INVERT [=A
DC(1eNe1)=1,0

00 118 I=14N
DC(IeloeN+1)=040
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129

130
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142

DO 121 KK=1,N
DO 119 JU=1sN
DC(N+19J)=DC(19J+1)/7DC(1s])
00 120 I=2sN
00 120 J=leN
DC(I=19J)=DC(I+J+1)=DC(I+1)+DCIN¢10J)
DO 121 J=1oN
DC{N9JI=DC(N+19J)

DC NOW CONTAINS I-A INVERTED AND TRANSPOSED

DO 122 I=1»N
ATGO(I)=0.0
D0 122 J=1,N
ATGO(I)=ATGO(I)+DC(IsJ)#FD(J)
WRITE (69150)
00 123 I=1sN
WRITE (69151) ATGO(I)»TGO(I)
L=1
GO TO 110
DO 136 T=]1,MM
READ (S,FMT) (FD(J)9U=1yN)
00 125 L=1N
TGUIL)=0.0
DO 125 J=1lN
TGO (L)=TGO (L) +DC(L +J)#FD(J)
IF (LM.NE.1) GO TO 131
READ (S5,FMT) ((AM(L) sL=19N))

TERMINATE READING DATTA

IF (EGF(S)) 13791269137

CONTINUE

DO 127 L=1sN

ATGO (L) =TGU(L) =AM(L)

DO 128 L=1+N

D(L)Y=ATGO(L)=D{L)

WRITE (69152) (1+K=1+5)

DO 129 L=1+N

WRITE (6+153) LeFD(L)»TGO(L) »AM(L) +ATGO(L) +D (L)

DO 130 L=1sl!

D(L)=ATGO(L)

DO 132 J=19N

D0 132 L=1eN

TRIL9J) =PT 'L «J)#TGO(J)

IN=N/10

IF ((10¢IN)JEQ.IN) GO 7O 133

IN=INe])

IM=]

IF (IMeLTel) IN=1

DO 135 KK=1lsTN
WRITE (6+154) 1
WRITE (o09141) KKeIN
WRITE (6+142)
KC=KK#]10
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134

135
136
137

133
139
140
141
142
143
lag
145
146
197
148
149
150
151
15¢

CON
CONTIN
CONTIN
sfop

FORMATY
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

IH) »

143

IF (KCeGT,N) KC=N

WRITE (69143) (LiL=1IMsKC)

DO 134 L=1sN

WRITE (60144) Le(TR(LsJ) +JmIMIKC)
WRITE (b9142)

IM=C+1]

TINUE

vt

VE

(312)

(10A8)

(IH1+/774+10X9 1BHTRANSACTIONS TABLE)

(1007 4HPAGEvI291Xe 2HOF+I[2)

(10X9123( 1H=))

{(10Xs O6HSECTOR»4X912+9110)

(10X912+3X910F10.3)

(6X42F15,3)

(1H19//77/+10Xs 12AFINAL DEMAND»3Xs 12HTOTAL OUTPUT)
(1H1+///+10Xy J9HDIRECT COEFFICIENTS)

(IH19///+10Xs 32HDIRECT AND INDIRECT COEFFICIENTS)
(10X9I293X910F10.6)

(1H1+///7410X%Xs 3BHCHECKs BOTH COLUMNS SHOULD BE THE SAML)
(10Xs2F1243)

(1H19/7/7+13Xs L4HF INAL DEMANDS (4129 1H) +2Xy 14HTOTAL OUTPU

1TS(s[2+ 1H) +S5Xy BHIMPORTS(412s 1H)93Xes 17HTOTAL PRODUCTION(»129

1Xy 21HINCREASED PRODUCTION(sI2y 1H))

153 FORMAT (SXe12+2F17¢395X92F17e395X9F1743)
154 FORMAT (1H19///+10%Xs 29HPROJECTED TRANSACTIONS TABLE(+I2» 1H))

END



TRANSACTIONS TABLE

PAGE 1 OF 2

SECTOR ] 2 3 4 S 6 7 8 9 - 10

| 1551.750 753.380 0,000 0.000 «860 0.000 0.000 11728,200 13 1.720
el 662.129 211,560 0.000 0.000 28.290 0.000 0.000 0.000 0.000 0.000
3 0.000 34,680 0.000 113.660 2.390 0.000 0.000 0.000 «960 0.000
) 35.000 0.000 1,450 4.840 2.200 1440 1.210 1.630 290 150
S 78.549 0.000 3.730 3.390 560 0.000 0.200 3.550 20970 «220
6 0.000 0.000 0,000 0.000 0.000 11,330 «860 23.620 6.180 0.000
7 0.¢00 0.000 0.000 13.290 0,000 «280 52.140 «680 «090 . 0000
8 62.700 0.000 0,000 0.000 0.000 9.700 49.420 838.740 0.000 «690
9 0009 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 «480
10 d.000 0.000 0.000 0.000 «S70 «990 2.250 S5.350 «830 0.000
11 53360 0.000 0.000 0.000 0.000 0.000 0.000 15.350 0.000 0.000
12 . 00000 131.249 0.000 0.000 3.170 0.000 0.000 0.000 0.000 0.000
13 0.000 0.000 0.000 0.000 0.000 0.000 0.000 43.020 0.000 0.000
la 0.600 0.000 0.000 0.000 3.330 0.000 0.000 960 «180 120
15 542.06590 0.000 0.000 0.000 0.000 0.000 0.000 0.000 «050 0.000
16 269 0.000 45,970 126.690 109.200 37,430 118.87¢ 48.460 5.530 1.820
17 141.200 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
18 5.600 44100 1,690 2.4890 1.630 «970 «850 1.090 «060 «600
19 189.750 718.980 22,400 148.440 167.070 119,790 92.650 1214.490 6.390 30.570
SECTOR 11 12 13 15 16 17 18 19

1 12494250 2056.940 15.900 186960 101.320 0.000 0.000 0.000 27.640

e 0.900 8.470 33,240 0.000 0.000 0.000 0.000 0.000 7040

3 0000 0.000 0,000 8.150 28.460 0.000 0.000 0.000 260

o 44160 3t.199 13,590 4.860 7.540 6.260 «210 0.000 48,390

s 0+900 “.090 122.290 39.080 35.730 0.000 0.000 0.000 63.380

6 0.¢00 0.000 0.000 0.000 36.510 0.000 0.000 0.000 0.000

7 0.000 «520 1.950 0.000 65.830 0.000 «140 15.600 17.030

3 0000 23.030 2,410 0.000 460,330 0.000 0.000 0.000 9,270

9 0.900 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.030

10 R«000 430 1.810 0.000 7.050 0.000 0.000 0.000 «060

11 0000 278.890 421,500 0.000 0.000 0.000 0.000 0.000 0.000

12 0.000 3.760 35.040 0.000 «980 0.000 0.000 0.000 25,500

13 04600 0.000 804,810 0.000 0.000 0.000 0.000 0.000 3.970

14 44.070 73.9480 25,290 41.190 38.210 0.000 0.000 0.000 103.920
15 0.600 0.000 0.000 0.000 617.700 0.000 40,100 5.600 600,130

16 1956340 543,580 203,720 87.930 471.87¢0 0.000 0.000 31.210 7960

17 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
18 l1.420 10.900 9.690 4,240 4.240 7.340 21.110 4.540 8.990

19 450630 657,690 S85,490 229.580 604.500 445,400 S.820 19,230 1444.410

veT



FINAL DEMAND
12863.000
5840.000
99.000
%37.000
4614000
455.000
2667.000
12512.000
31.000
J0.000
1691.000
5314.000
2626.000
598,000
2453.000
2260.000
0000
10.000
1171.000

TOTAL OQUTPUT
30517.050
6790.720
287,560
701,610
Bl18.,530
533,500
28346,550
13974.290
32.510
57,740
2460,010
5513.730
3477.800
929,250
42224630
4295,840
141,200
101940
8324.280



DIRECT COEFFICIENTS

PAGE 1 OF 2

wn

CINCNEWN=M

13

SECTOR

VINOCUNE WN

10
11
12
13
ia
15
16
17
13
19

Iz
P
c
P e

i
2050149
V21097

0.000000
001147
« 002574

V.000000

0.000000
«U02USs

0.000000

0.000000
« 004749

0.000000

0.000000

0.000000
«0171762
«00000v
« 004027
2000184
«000218

11
«597823
0000000
0.000000
«00169;
0.000000
0.000000
0.000000
V000000
0.000000
003252
0.000000

. 0.000000

0.000000
«017915
0.000000
« 079406
0.000000
«000740
«183182

e
«110963
+031156
«005107
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

«019326
0.000000
0.000000
0.000000
0.000000
0.000000

«00060«

105877

12
373058
«001536

0.000000
« 005657
«000742

0.000000
« 000094
«004177

0.000000
«000078
+ 050565
«0006R2

0.000000
«013417

0.000000
« 098587

0.000000
«001977
e119282

3
0.000000
0.000000
0.000000

«0050642
«012971
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
«159862
0.000000
«005877
«077897

13
« 004572
« 009558
0.000000
«003908
«035163
0.000000
«000561
« 000693
0.000000
«000520
«121197
«010087
eCl1414
«007272
0.000000
«05R577
0.000000
« 002786
« 168351

4
0.000000
0.000000
« 162045
+006900
«004833
0.000000
«018948
0.000000
0.000000
0.000000
0000000
0.000000
0000000
0.000000
0.000000
«180622
0.000000
«003536
«211631

14
«201195
0.000000
«008771
«005230
« 042055
0.,000000
5.000000
0000000
0.000000
0.000000
0.000000
0.000000
0.000000
« 044326
0.000000
¢ 094625
0.000000
«004563
e 247059

S 6
«002051 0,000000
2034562 0.000900
«002920 0.000000
«002688 «002699

«000684 0.000000

0.000000 «021237
0.000000 « 000525
0.000000 .018182
0.000006 0,000000
«00118S «001856
0.000000 0.000000
«003873 0.000000
0.000000 0.000000
«004068 0.000000
0.000000 0.000000
«133410 «+070159
0.000000 0.000000
«001991 «001818
«204110 « 224536
15 16
«023995 0.000000
0.000000 0.000000
«006740 0.000000
001786 «001457
«008462 0,000000
«008646 0.000000
«015550 0.000000
«10901S 0.,000000
0.000000 0.000000
«001670 0.000000
0.000000 0.000000

000232 0.000000
0.030000 0,000000
«009049 0.000000

«146283 0.000000
«111748 0.000000
0,000000 0,000000
«001004 «001709
«143157 103682

7
0.000000
0.000000
0.000000
000427
0.000000
«000303
.018394
.017435
0.000000
«000794
0.000000
0.000000
0000000
0.000000
0.000000
«041936
0.000000
«000300
«032686

17
0.000000
0.000000
0.000000

«001487
0.000000
0.000000

«000992
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

«029037
0.000000
0.000000

«146504

«041218

8
«839270
0.000000
0.000000
«000117
«000254
«001690
«000049
« 060020
0.000000
«000383
«001098
0.000000
«003079
«000069
0.000000
+ 003468
0.000000
«000078
« 086909

18
0.000000
0.000000
0.000000
0.000000
0.0C0000
0.000000

«153031
0.000C00
0.000000
0.000000
0.600000
0.000000
0.000000
0.000000

« 054934

«300160
0.000000

« 044536

«188640

9
«003999
0.000009
025529
008920
.091357
.130095
002768
0.000000
0.000000
.025531
0.000000
0.000000
0+000000
+005537
001538
.170102
04000000
<001846
196555

10
« 029789
0.000000
0.000000
«002593
«003810
0.000000
0.000000

* «011550

«008313
0.000000
0.000000
0.000900
0.000000

«002078
0.0006000

«031521
0000000

«010391

529442

19,
«003320
« 000846
«000031
«005813
« 007614

0.000000
«002046
«001114
«000124
«000007

0.000009
«003063
000477
«012484
« 072094
« 000956

0.000000
«001080
«173518

9%T



DIRECT AND INMUEHECT COEFFICIENTS

PAGE 1 OF 2
SECTUR 1 e 3 4 S 6 7 8 9- 10
1 1.062928 «133157 2002690 « 006723 «013943 « 023792 «017925 «952460 «018623 « 057267
2 923933 1,035359 «000676 +000778 «036367 2050899 « 000465 « 021645 « 004166 «002270
3 « 000527 «005612 1.001133 «163937 «004128 +001009 «000179 «000709 «032236 «001948
o «001415 eGO11492 «006133 1.010052 «004731 «004774 «000839 «002155 «012676 «007009
S «003122 «001755 «014157 «009839 1.,003514 « 002810 «000518 «004290 « 095725 «010940
6 «000c21 «000139 «000103 « 000259 «000229y 1,021979 «000393 «002129 « 194590 «002189
7 «000618 « 000726 «001594 e 021445 «001505 «002076 1.019013 «001075 «00S11%  .004372
8 «005140 « 002298 «001466 «003914 « 003247 023259 «019558 1,069813 «008€54 .020603
9 - «000003 «000018 «000016 «000039 «000045S «000053 «000013 «000021 1.000263 . 008399
10 «000053 « 000036 «000039 «000079 «001237 «001958 «000826 «000487 «026080 1.000347
11 «001E95 «001282 «000039 «000093 «000327 «000149 «00C075 «003415 +000156 «000293
12 . .000538 e 020412 «000454 «001020 + 005462 « 000957 « 000167 «+000899 «001616 «002172
13 «000032 «000098 «000083 «000210 «000188 «000279 «000110 «004369 «000268 «0006501
1a «00US2H « 002327 «001803 «004399 «008264 « 004203 «000711 «002263 «011528 «011677
15 «C23931 e0l4v1l8 «011024 « 026904 « 024232 «026005 « 004652 «03i420 «034227 «058920
16 «0y«100 «005875 e 16674} e216446 e140732 « 077832 « 043923 « 009554 «211782 « 048676
17 « 004918 «000616 «000012 «000031 «000065 «000110 «000083 « 004407 «000086 « 000265
18 « 001004 «001062 « 006675 « 005574 «002832 « 002549 «000498 «00123S « 003952 «011991
19 * «018715 «142788 «124786 «312670 «281331 «300089 «050259 +134684 «376334 «674187
SECTOR 11 12 13 14 15 16 17 18 19 .
1 «5u8326 «435207 «109766 «231264 «159483 « 002634 « 008355 «017825 «025021
2 «012687 « 011656 «017400 «007208 «00428] «000216 «000330 « 000797 «002064
3 «001189 « 001659 «001932 «010998 «008959 « 000469 «000764 «001128 «002200
o «00«192 « 007734 «00R093 «008319 «004283 «002275 «002338 «002630 «007701
S « 004604 e (00434} «049R836 « 048055 «013337 «001191 «001385 « 003460 «0112%90
6 « 0001145 «000244 «000303 «000330 «010828 «000105 «000493 «000914 «000990
7 e 801054 «001528 « 002900 «0024l12 «0199786 «000801 «026565 « 165542 « 0046906
8 « 005452 « 008601 « 005454 « 005073 «140039 «001474 «006819 « 014404 «013520
9 «000C5y « 000026 «000054 «000045 «000049 «000016 +000014 «000041 «.000156
10 «003324 «000300 «001316 «000126 «002109 «000023 «000116 «000304 .000216
11 1,00i0a1 «051430 « 158660 «000511 «000581 «000037 «000051 .000128 «000358
12 . 001061 1,001513 «014736 «001425S «001208 «000411 «000349 «001004 «003932
13 «00014} «000152 1.301327 «000241 «000721 «000087 «000093 «000250 «000828
) O 022484 «J17763 «018134 1.051594 «014796 «001817 «001897 +004978 «017378
15 « 033347 «025333 «031922 e035243 1.196564 «011163 «053200 « 093995 «105740
16 « 088092 «110839 «106035 «115672 «142381 1,002892 « 056181 «349379 «019246
17 e 002940 «002014 « 000508 «001070 «000738 «000012 1.000039 «000082 «000116
18 «001%50 « 003095 « 004924 «006090 «002188 «001979 «156794 1,047796 «001743
19 257134 « 189588 0347011 « 355286 «257334 «130028 «105669 «310237 1.24460S

Lyt
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FINAL DEMANDS( )

16865,000
7669,.000
159.000
1022.000
878.000
866.000
295,000
I8142.000
$9,.000
43,000
2394,000
1524.,9000
3718.000
867.030
.39%51.000
3640.000
0.000
16.000
1697.000

TOTAL OUTPUTS( 1)

62227.,372
8982,65%
471,606
1262.124
1395,13¢2
991.069
553,251
20310.,423
61.218
84,974
348]1.461
7796.953
49206383
1348,.,98Y9
6554,479
6725.45¢2
195,343
149,958
12214,796

IMPORTS( 1)

827.000
95.000
62.000
40.000

109.000

0.000
1520.000
$59.000
44000
15.000
7.000
94.000
38.000
39.000
19.000
0.000
0.000
0.000
0.000

TOTAL PRUDUCTION( 1) INCREASED PRODUCTION( 1)

41400,372
8887.655
409,666
1222.124
1286.132
991.069
3038.251
20251.423
57.218
69.974
34744461
7702.953
4888.383
1309.989
6535.479
6725.452
195.383
149.958
12214.796

115564322
2173.935
16R.106
553.714
558.602
457.569
1339.701
6325.133
27.708
24.234
1020.451
2272.223
1444.583
412.739
2326.849
242S.612
54.133
48.013
3890.516

8P1
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PROUECTEN TRANSACTIONS TABLE( 1)

PAGE 1 OF 2

SECTONR i 2 3 4 S 6 7 8 9 . 10

1 21647.204 996.559 0.000 0.000 1.466 0.000 0.000 17045.925 0245 20531
2 9164196 279.848 0,000 0.000 48.219 0,000 0.000 0.006 0,000 0.000
3 00900 45,874 0.000 204,521 4,074 0.000 0.000 0.000 1.808 0.000
« 4neal) 0.000 2,378 8.709 3.75¢ 2.675 1946 20369 «546 221
s 108.674 0.000 6.118 6.100 «954 0.000 0.000 5.160 5.593 324
6 0600 0.000 0,000 0.000 0.000 21.047 1,383 34,330 11,637 0.000
7 0.000 0.000 0,000 23.914 0.000 520 83.847 «588 169 0.000
8 8helb60 04000 0.000 0.000 0.000 18.019 79.472 1219.036 0.000 1.015
9 0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 « 7006
10 Ve000 0.000 0.000 0.000 1.653 1.839 3.618 7.776 1.563 0.600
11 73436 0.000 0.000 0.000 0.000 0.000 0.000 22.310 0.000 0.000
12 . 0900 173.602 0.000 0.000 5,403 0.000 0.000 0.000 0.000 0.000
13 000 0.000 0,000 0.000 0.000 0.000 0.000 62.526 0.000 0.000
) I 0.G00 0.000 0.000 0.000 5.676 G.000 0.000 1.365 «339 «177
15 750.051 0.000 0.000 0.000 0.000 0.000 0.000 0.000 +«094 0.000
16 3oy 0.600 75,402 227.967 186.124 69.533 191.155 70.432 10.413 2.678
17 195.383 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.090 0.000
18 T.749 Se42l 2.772 440463 2.778 l1.802 1.367 l1.584 113 «383
19 2624563 951,055 36,741 267.104 284,760 222.531 148,991 1765.156 12.033 44,989
SECTUK 11 12 13 14 15 16 17 18 19 -

1 1767.906 2938,.714 22.523 271.409 157.272 0.000 0.000 0.000 40.558

2 0+C00 11.977 47,085 0.000 0.000 0.000 0.000 0.000 10.330

3 0000 0.000 0,000 11.831 44,176 0.000 0.000 0.000 .382

@ Sedd? 06,106 19,251 7.055 11.704 9.800 291 0.000 71.006

E) 0000 S.784 173.227 $6.732 S5.461 0.000 0.000 0.600 93.002

& 0900 0.000 0.000 0.000 S6.672 0.000 0.000 0.000 0.000

7 0.000 e 735 2.762 0.000 102.183 0.000 194 22.948 24.989

A 0.C00 32.567 3.414 0.000 714.537 0.000 0.000 0.000 13.603

9 VeC00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.511

10 11.322 +608 2.564 0.000 10.943 0.000 0.000 0.000 088

11 0000 3944250 597,064 0.000 0.000 0.000 0.000 0.000 0,000

12 . 0500 $.317 49,692 0.600 1.521 0.000 0.000 0.000 37.418

13 0.C00 0.000 1140,032 0.000 0.000 0.000 0.000 0.000 5.825

14 624369 104,615 35.,R24 59,795 59,311 0.000 0.000 0.000 152.489

15 0900 0.000 0.000 0.000 958.819 0.000 L.673 4.238 686,613

16 2Theua9 768.675 288,574 127.648 732.449 0.000 0.000 45.911 11.680

17 04600 04090 0.000 0.000 0.000 0.000 0,009 0.000 0.000

18 2e570 15.414 13.726 6.155 6.58]1 11.491) 29.211 6.679 13.192

19 637.742 930.038 829,360 333.281 938,321 697.306 8,053 28,288 2119.483

6Vt
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F INAL DEMANLS( 2)

221648.,000
10071.000
257,000
l9~b.000
1670.000
16649.000
5917000.0
2629%4,000
112.000
63,000
3390.000
10053.000
$265.000
1256.0060
636¢.000
Sk62.000
V.000
26,000
2660.000

TOTAL OUTPUTSI( 2)

$49590.293
11895,.,464
787.548
2299.8206
2422,394
1850.737
7333.862
29535,3390
115.29¢2
127.091
4928.440
11027.913
6979,749
1960.71%8
10220,469
10591 .04¢2
271.093
223.094
18965.,170

IMPORTS( 2)

1016.000
116.000
82.000
4T.000
131.000
0.000
2034.000
72.000
5.000
18.000
8.000
106.000
444000
48.000
£54000
0.000
0.000
0.000
04000

$7574.293
11779.464
705.548
2252.826
2291.394
1850.737
$299.862
29463.330
110.292
109.091
4920.440
10921.913
6935.749
1912.718
10195.469
10591.042
271.093
223.094
18065.170

16173.921
2891.809

295.882 -

1030.702
1005.262
859.668
2261.612
9211.907
S3.074
39.117
1445.979
3218.960
2047.366
602.729
3659.990
3865.539
75:710
73.135
S850.375

TOTAL PRUDUCTION( 2) INCREASED PRODUCTION( 2)

0ST



PROJECTED TRANSACTIONS TABLE( 2)

PAGE 1 OF 2
SECTOR 1 2 3 4 S 6 7 8 9, 10
1 2979.2306 1319.714 0.000 0.000 24545 0.000 0.000 24788,112 «461 3.786
2 1271.217 370595 0.000 0.000 83.723 0.000 0.000 0.000 0.000 0.000
3 0.000 604750 0.000 372.675 7.073 0.000 0.000 0.000 3.404 0.000
“ 67.197 0.000 3.971 15.870 6.511 44995 3.131 Je445 1.028 «330
S 150791 0.000 10.215 11.115 1657 0.000 0.000 7.503 10.533 <484
6 0.000 0.000 0.000 0.000 0.000 39,304 2.225 49,922 21.916 0.000
7 0.C00 0.0CO 0.000 43.576 0.000 «971 134,902 l.437 «319 0.000
8 129379 0.009 0.000 0.000 0.000 33.650 127.865 1772.717 0.000 1.519
9 0.C00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.057
10 0000 0.000 0.000 0.000 2.871 J.434 S.821 11.307 26943 0.000
11 132447 0.000 0.000 0.000 0.000 0.000 0.000 32.443 0.000 0.000
12 0500 229.896 0.000 0.000 9,381 0.000 0.000 0.000 0.000 6.000
13 : 0.500 0.000 V.000 0.000 0.000 0.000 0.000 90.925 0.000 0.000
la 0200 0.000 0.000 0.0090 9.855 0.000 0.000 2.029 «638 e 264
15 10490633 0.000 0.000 0.000 0.000 0.000 0.000 0.000 <177 0000
16 49y 0.000 125.899 415.399 323.171 129.846 307.554 102.423 19,611 4.006
17 2716293 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
18 luels? T.182 4,628 8.132 4.824 34365 24199 24304 213 1.321
19 3644305 1259.45% 61.347 486.714 494,434 415.557 239,714 2566,.883 22.661 67.288
SECTOR 11 12 13 14 15 16 17 18 19 .
1 2502776 «]114.049 31.910 394.486 265.235 0.000 0.000 0.000 59.684
2 0000 160941 66,711 0.000 0.000 0.000 0.000 0.000 15.278
3 0000 0.000 0.000 17.197 68.885 0.000 0.000 0.000 «564
o Redlu 62+3H3 271,274 10.255 18.250 15.434 «493 0.000 105.015
s 0.C00 8.180 245,429 82.459 86,481 0.000 06.000 0.000 137.546
] 0.000¢ 0.009 0.000 0.000 8R.369 0.000 0.000 0.000 0.000
7 0.300 1040 3,914 0.000 159.335 0.000 «269 36.140 36,958
A 0.000 46.062 4,837 0.000 1114.184 0.000 0.000 0.000 20.118
9 0.u00 0.090 0,000 0.000 0.000 0.000 0.000 0.000 2.23%
10 1ne027 «BA0 3.633 0.000 17.00b¢ 0.000 0.000 0.000 «130
11 0.900 557.623 845,927 0.000 0.000 0.000 0.000 0.000 0.000
12 . 0ec00 7.520 70,404 0.000 2.372 0.000 0.000 0.000 55,340
13 0.9900 0.000 1615,208 0.000 0.000 0.000 0.000 0.000 8.616
le 8Re291 147.966 50.7506 86.911 92.484 0.000 0.000 0.000 225.525
| O 0«000 0.000 0.000 0.000 1495.083 0.000 7.872 12.255 1302.389
i 391.369 1087.205 408,R55 185.532 1142.110 0.000 0.000 68,302 17.27S
17 0.000 0.030 0,000 0.000 0.000 0.000 0.000 0.000 0.000
13 ERY-L1.} 2l.831 19,447 8.946 10.263 18.096 40,530 F.936 19.510
19 902.80¢ 1315434 1175,045 4B84.41e 1463.134 1098.097 11.174 42.084 3134.627

ISt
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FINAL DEMANDS( 3)

29084.000
13225.000
414.000
3704,000
3160.000
3138.000
£11<0.000
33107.000
2164.000
91.060
4400.000
15064.,000
1454,000
1820.000
10247.000
94%40,000
0.000
u2.000

3565.000

TOTAL OUTPUTS( 3)

81512.115
15774,243
1332.884
4230.687
42824139
3467.903
11805.237
42972.157
21R.%914
189,897
6976.943
15602.,099
9887.17V
2856.180
16009,7506
16778.853
377150
335.127
26954.,62¢2

IMPORTS( 3)

1248.000
143.000
110.000

57.000
157.000
0.000
2122.000
89.000
6.000
224000
9.000
120.000
49.000
59.000
34.000
0.000
0.000
0.000
0.000

80264.115
15631.243
1222.884
4173.687
4125.139
3467.903
9683,237
42883.157
212.914
167.897
6967.,943
15482.099
9834.170
2797.180
15975.756
16778.853
377.150
335.127
26954.622

22689.822
3851.779
517.336-
1920.861
1833.745
1617.166
4383.374
13419.826
102.622
58.805
2047.503
45604186
2902.422
884.462
5780.286
6187.812
1064057
112.033
8889.452

TOTAL PRUDUCTION( 3) INCKREASED PRODUCTION( 3}

¢sT



PROJECTED TRANSACIIONS TABLE( 3)

PAGE 1 OF 2
SECTUR 1 2 3 4 S 6 7 8 9 10
1 41444779 1750035 0.000 0.000 4,499 0.000 0.000 36065,.,235 «875 S.657
2 1768546 491.435 0.000 0.000 147.999 0.000 0.000 0.000 0.000 0.000
3 G000 80.559 0.000 685,562 12.503 0.000 0.000 0.000 6,464 0.000
s 93.486 0.000- 6.721 29.193 11.509 9.360 5.039 S.012 1.953 493
) 209.783 0.000 17.289 20447 2.930 0.000 0.000 10.917 19,999 «724
6 0.000 0.000 0,000 0.000 0.000 73.648 3.582 72,634 41.615 0.000
7 0600 0.000 0,000 80.161 0.000 1.820 217.151 2.091 «606 0.000
] 167.474 0.000 0.000 0.000 0.000 63.053 205.823 2579.198 0.000 2269
9 0-400 0.900 0.000 0.000 0,000 0.000 0.000 0.000 0.000 1.579
10 0.000 0.000 0,000 0.000 5,075 6.435 9.371 16.452 5.589 0.000
1l 1424520 0.000 0.000 0.000 0.000 0.000 0.000 47.203 0.000 0.000
12 0900 304.859 0.000 0.000 16.584 0.000 0.000 0.000 0.000 0.000
13 0.900 0.000 0.000 0.000 0.000 0.000 0.000 132.290 0.000 0.000
la 0000 0.000 0.000 0.000 17.421 0.000 0.000 2.952 l.212 «395
15 1447.,835 0.000 0.000 0.000 0.000 0.000 0.000 0.000 «337 0.000
16 N -ATA 0.000 213,078 7644155 571.280 243,306 495,066 149.019 37.238 S5.936
17 377.150 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
18 14558 9.524 7.833 14,959 8.527 . 6305 3.540 3.352 «404 1.973
19 9060829 1670.127 103,827 895.3u4 874.027 778,669 385,866 3734.062 43.029 10053%
SECTOR 11 12 13 14 15 16 17 18 19
1 3543.053 5AR20,485 45,203 S74.648 384,146 0.900 0.000 0.000 89,500
2 0000 23.967 94,499 0.000 0.000 0.000 0.000 0.000 22.796
3 0.C00 0.000 0.000 25.050 107.904 0.000 0.000 0.000 «842
o 11798 88.258 34,636 14.938 28.587 24.451 «5S61 0.000 156.690
S 0400 11.573 347,663 120.118 135.467 0.000 0.000 0.000 205.229
) 0.900 0.000 0,000 0.000 138.425 0.000 0.000 0.000 0.000
7 0.900 l.471 S.544 0.000 249,589 0.000 374 51.285 55.144
a 0.300 65.168 6.851 0.000 1745.304 0.000 0.000 0.000 30.017
9 0.v00 0.000 v.000 0.000 0.000 0.000 0.000 0.000 3.335
10 22689 1217 S.146 0.000 26.729 0.000 0.000 0.000 «194
11 0.v00 788.915 1198,298 0.000 0.000 0.000 0.000 0.000 0.000
12 0.v00 10.640 99,730 0,000 3.716 0.000 0.000 0.000 82.571
13 0.000 0.090 228b,025 0.000 0.000 0.000 0.000 0.000 12,855
loe 1244949 2090340 71,898 126.603 144.870 0.000 0.000 0.000 336,500
1s 0000 0.000 0,000 0.000 2341.959 0.000 10.951 18.410 1943.264
16 554.012 1538.158 579,163 270.265 1789.056 0.000 0.000 102.603 25.775
| ¥4 0000 0.090 0.000 0.0G60 0.000 0.000 0.000 0.000 0,000
14 Selb¢ 30.844 27,548 13.032 16.076 28,669 56,386 14.925 29.110
19 1278.052 1861.053 16664,512 705.646 2291.912 1739.660 15.545 63.218 4677.104




CXNOCVNEWN-

FINAL UEMANDS( &)

348193.000
17367.000
666.000
7050.000
60%2.000
$973.000
179“200(’0
55229.000
407.000
132.000
6796.000
21358.000
1055‘00000
2038,.000
16502.000
15204.060
0.000
67.000
5166,000

TOTAL QUTPUTSI( &)

113721.,260
20954,773
2286.182
7843,.,223
7679.,087
6519.443
19011.827
62563,087
4144407
286,285
9877.6706
22079.373
14007.504
4171446
25178.0061
26747.123
526.179
S08.339
40629,654

IMPORTS( 4)

1533.000
175.000
148.000

68.000
188.000
0.000

3643.000

109.000

7.000
27000
10.000
136.000
58.000
73.000
45.000
0.000
0.000
0.000
0.000

112188.260
20779.773
2138.182
7775.223
7491.087
6519.443
15368.827
62454.087
407.407
259.285
9867.676
21943.373
13949.504
40984446
25133.061
26747.123
526.179
508.339
40629.654

31924.145
5148.530
915.298
36014537
3365.948
3051.540
5685.591
19570.930
194.493
91.389
2899.733
646]1.274
4111334
1301.266
9157.305
9968.269
149.029
173.212
13675.031

TOTAL PRUDUCTION( &) INCREASED PRODUCTION( &)

14°] !



PROJECTED) TRANSACTIONS TABLE( &)

PAGE } OF 2

SECTUR 1 2 3 4 S - 6 7 8 9. 10

1 S78257y 2324.,777 0,000 0.000 8.068 0.000 0.000 52507.311 1.657 8.528

e 2467379 652,831 0,000 0.000 -265.404 0.000 0.000 0,000 0.000 0.000

3 0300 107.015 0,000 1270,955 22.422 0.000 0.000 0.000 12,237 0.000

o 139.427 0.000 11.528 S54.121 20.639 17.597 de.l16 7.298 3.697 o T44
-9 2920618 0.000 29,655 37.907 5.254 0.000 0.000 15.893 37.859 1.091

6 04000 0.000 0.000 0.000 0.000 138,454 S.768 105.747 78,777 0.000

7 0.v00 0.000 0.000 148.610 0.000 3.422 349.712 3.044 1.147 0.000

8 233.659 0.060 0,000 0.000 0.000 118,535 331.469 3755,050 0.000 3.421

9 09500 0000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 - 24380
10 0.000 0.000 0.000 0.000 9,100 12,093 15.091 23.952 10,580 0.000
11 198.845 0.000 0,000 0.000 0.000 0.000 0.000 68.722 0.000 0.000
12 . 0.000 404,980 0.000 0.000 29.740 0.000 0.000 0.000 0.000 0.000
13 0.v00 0.000 0.000 0.000 0.000 0.000 0.000 192.601 0.000 0.000
le 0.v00 0.000 0.000 0.000 31.241 0.000 0.000 4.298 2.254 «5495
15 2019+540 0.000 0.000 0.000 0.000 0.000 0.000 0.000 «€37 0.030
16 309 0.000 365.474 1416.658 1024.466 457.400 797.282 216,956 70,491 9.024
17 9260179 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.C00 0.000
i8 2i,edbb 12.652 13,436 27.732 15.292 11.854 S.701 4.680 « 765 2.975
19 707100 2218,625 178,086 1659.868 1567.377 1463.850 621,420 5437.288 81,454 151.572
SECTOR 11 12 13 14 15 lo 17 18 19.

1 S0lhe1l2 B8236.882 64,040 839.272 604.136 Q. 00C 0.000 0.000 134,907

2 0000 33.918 133.880 0.000 0.000 0.000 0.000 0.000 34.361

3 0500 0.000 0.000 36,586 169.697 0.000 0.000 0.000 1.269

& 164704 124.898 54,736 21.817 44,953 38.977 «783 0.000 236.185

5 0.C00 16,378 492,546 175.432 213.045 0.000 0.000 0.000 309.349

h 0.000 0.000 0.000 0.000 217.696 0.000 0.000 0.000 0.000

7 0.000 2.082 7.854 0.000 392.521 0.000 «522 77.792 83.121

8 0.€00 92.222 9,707 0.000 2744.786 0.000 0.000 0.000 45,246

9 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 S.027

10 J2.122 le722 7.290 0.G00 42.037 0.000 0.000 0.000 «293

11 0000 11l16.,436 1697,672 0.000 0.000 0.000 0,000 0.000 0.000

12 0.000 15.057 141.291 0.000 S.843 0.000 0.000 0.000 124,462

13 0000 0.000 3241,526 0.000 0.000 0.000 0.000 0.000 19.377

14 176950 296.248 101.860 184.904 227.833 0.000 0.000 0.000 507.219

15 0-u00 0.000 0.000 0.000 3683.128 0.000 15.279 27.925 2929.151

16 TBaedab 21764731 82v,.521 394,722 2813.595 0.000 0.000 155.633 38,852

17 0.500 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

16 7.308 43,648 39,028 19.034 25.282 4S.701 78.666 22.639 43.879

19 1809414 2633.677 2358,173 1030.595 3604.421 2773.187 21.6818 95,893 7049.964
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APPENDIX B: COMPUTER PROGRAM, INPUTS, AND FINAL SELECTION AND
TIMING OF PROJECTS OF THE EXAMPLE PROBLEM.
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100

105

110
115

~EAD A WEa SET OF DATA
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PRUOGRAM RIP3QC (IMPUTOLTPUT)

CUMMON TT9NsMOsA (133990290 (90) s8(133)9K0(06) +XL(90)90(90) »
1 JH{90) o XX(90) s Y (90) »BJWE(133990) +NOP

CUMMON B85 (133) 95(0) +SBLIN) sNS(90) sSHAX(90) »SMAXB(90) »

I T{90)+CS(90) +PE(ID) o ITEMP (4) s JTEMP (4) yATEMP (&)

CUMMON MS(99) oNF (90} 9 7BAR S IRsLPSER

HEAL MAXT

INTEGER BCId+BLANK

INTEGER S+SMAX+SCoeT»SBeSMAXS
DATA NLIMyMLIN/90+1337

DATA wClB/pHis
DATA BLANK/6H
DO 110 I=1,NLIM
0C1) = Qe
JH(L) 0
PEL(T) Qe
xL(l) 0
XX(l) Q0.
Y(L1) = 0.
MS{(1) = ¢

VO 195 U = LoNLIM
E(Ied) = 0,
C(I)=0.0
85(1)=J.0
S(l1)=0

S8 (I)=dLANK
NS(I)=(

NF (1)=0

SMAX (1)=0
SMAXB (1) =BLANK
T(I)=0

DO 110 Jsl.MLIM
A(Je1)=2040
CONTINLE

DU 115 J = JsMLIN
g(J) = 0,
IR=10

LPSEQ = 0

I11=0

NCUN=0

NRED=0

NAUG=0

NOPT=0

NID=9

NAP=y

NLPF=0

NSIMP=D

Nt ATH=0
NENUA=0

NTCE=0

nCiD2=¢
1PUST=)
IFRST=]}

1INS=5

H B uau

C PARAHMETER CAKD FIRST

c

25

# Cakl) SECUND

/
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C #2CRerHR2A2 MATRICES FOLLOAN £S2
C MINIMLZE SUM C(J)axX(J) _
C CONSTRAINTS ARE B(I)eSUM A(l.J)*X(0) GE ZERO
READ YU00sMeNoL s SCoRENUMe ZBAR )Y LSCMAX ¢ ISCFRIMAXCoMAXQ,y
» HOPy IKBARY [ TBeH] ¢H2
IF (M +LEe 0) STOP
MAXT = MAXQ
G000 FURMAT (413+4154E6+0¢431391659139E6.091392A6)
PRINT s002
9002 FUORMAT(® PARANETLRS®*/% M N L SC KENUM ZBAR ISCMAX ISCFR
AMAXC MAXT NOP ZRBAR 178 TITLE®)
PRINT 9001 ¢MsNoL s SCeKENUMZBARY ISCMAX» ISCFReMAXCIMAXQY
L NOP 4 ZK3AR s I Ty H)| 9 H2
9001 FORMAT (13,1541 X9E1)e493169159149E11e401X41391X42A6)
[F (MAATLEQe)) MAXT=999999
MO=M
Ml=My+*1l
JSCFR=ISCFR
ZKBAR=IKBAR®* 99999
PRINT S010+M9N
9010 FORMAT(®QDIMENSIONSey M = #9[39%¢ N = #,413)
PRINT Y992
9991 FURMAT (LH )
9992 FOKUAT (1HO)
9993 FUORMAT (1H))
Li=L
IF (LeLEJO) L1=0
KEAD Y1000 ((S(K) ¢SB(K))sK=19L1)
9100 FORMAT (La(laqeAl1))
IF (LeGE.0) GO TO 130
L=0
fFRST=)
130 CONTINUE
READ 929009 (C(J)sJ=19N)
CRARdatRpaaioonaondnatnadeaoaong
9200 FURMAT(E10s3+5EL243)
IF (MAXC.EQe¢)d) GO TO 141
DO 140 J=lyN
140 C(J)==C(I)
14l CUNTINUE
READ 92009(8(1)eI=]eM)
200 READ 94009 ((ITEMP(K) s JTEMP(K) +ATEMP(K) ) sK=194)
9400 FORMAT (4(203+E10e391X))
END=Q0
00 250 K=l+4
KI=1TEMP(K)
KJ=JTEMP (K)
IF (Kl+sEUWe) GO TO 250
If (KJetuwel) GO TO 250
CROGHRREGRAIDILRNODRAUDRDBORBDDGD
IF (MAAC.NESC) ATEMP(K)==ATEMP(K)
ACKK] oK) SATEMP(K)
ENU=]1e?
2490 CONTINUE
IV (ENCeNEL0.0) GO TO 200
PrINT %020
9020 FURMAT(#0INITIAL SOLUTION®#)
FINT 95000 ((S(K) 9SHBIK) ) sK=)ol)
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9500 FQRMAT (La(3Xe1a4A)l))
PrRINT 4030
IF (MAXC «GTe 0) PRINMNT 9040
9030 FURMAT(*QCOST COEFFICIEMNTS®)
QUGG FURHMAT (#evy 2AX 4 #==51NS CHANGED®)
PRINT 960045 (C(J) gJ=),M)
PRINT 9050
90650 FURMAT(#OCONSTRAINT CONSTANTFS*®)
PINT 9600y (is(1) s {=14¢M)
YHINT 50060
SU60 r OrMAT(POCONSTRANT MATRIX. BY ROWS#H)
1F (MAXC oGl 0) PRINT 9040
wu 281 I=1.M
PINT 96004 (A(Tod) ed=19N)
PRINT 9991
291 CONTINUE
PRINT 5992
C ALL VDATA nEAULU FOR THIS RUN
C PERFORM CHANGE OF VARIABLES NOW IF NECESSARY
DU 255 J=]) N
CS(4i=C(H
It (C(J)eGEsVe)) GO TO 248
C({J)==C(J)
DO 253 1=14M
Hil)=s(l)+Aa(Tl.)
253 A(led)==Aa(]4J)
255 CUNTINUE
9600 FORMAT(1X+e10F12.5)
IF (/BA4K,0T.0,0) GO TO 300
ZUAR':OQO
DY 275 J=]sN
275 Z28AR={IBAR+C(J)
300 Z5=0.0
DO 325 I=]1,M
325 85(1)=u(])
V0 330 J=1laN
330 NS(J)=V
IF (L«EWQ40) GO TO 400
00 375 K=]1,L
J1=5(K)
Kl=1ABS (J1)
NS (K1) =0 :
I¥ (JieLE&Q) GO TO 375
28=2S°*C(U})
DO 350 I=1.M
350 US(I)=dS(1)+A(IeJ])
375 CUNTINUE
400 CUNTINUE
It (4U¢ISCMAX,GTMLIM) ISCMAX = MLIM -~ MO
I1=My*ISCMAX
CALL SECUNDI(TO)
T =10
Tu
T3 =1¢
C INITIALIZATION CUAPLETE NOW. START FIRST 1TERATION
GU TU 1910
C PREPARE TO COMPUTE SUKRROGATE CONSTRAINT
1000 CUNTINUE

-
n
(]
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If (SC.EQs0) GO TO 2400
JSCFR=JSCFR+]
IF (ISCFR.GTJSCFR) GO TO 2400
ML=N=~L
IF (MLeLEs1) GO TO 2400
JSCFR=(
1050 VO 1969 u=1N
1060 MS (J) =0
NSIMP=NSIMP+|
IF(L.EUsQ?) GO TO 1076
PO 179 =1+
“Jd=TABS(S(]))
1075 MS(J) ==5(I)
IF (NOP.NE.QO) GO TO 1076
PRINT <070
9070 FORMAT (ROCURRENT PARTIAL SOLUTION#®)
PRINT 3600+ ((S({K) +SB(K)) sK=1yL)
C SOLVE THE IMBEDDED LINEAR PROGRAM
1076 CALL SIMPLE
IF (NUPNELO) GO TO 1077
PRINT 9080+ OBJyZBAR
9080 FORMAT (# OBJsZOAR®2E}546)
1077 CONTINUE
I1=11+1POST
C "KO(l) EQ O MEANS 08J LESS THAN ZBARs EQ 2 MEANS INFINITY, €Q 4 MEANS
C TROUBLE, EQ 6 MEANS 08J GE ZBAR
IF (KO(1)sEWe2) GO TO 3400
IF (KO(l).EUWes) GO TO 100
IfF (KU(1)«EQe6) 6O TG 1500
VLPS=~UBJ
IF (VLPS.LE. (~ZBAR))GO TO 1499
DO 1350 I=1+N .
IF (D(1)oNESAINT(D(I)) eANNNS(I)eNESO) GO TO 1500
1350 CONTINCE
DO 1450 J=1N
IF (INS(J) ,EQ.0) GO TU 1459
I=J
L=L+]
NS(J)=0
spiL)=eCiIB
IF (D(1)eNEe0e0) GO TO 1400
S(L)=~J
w0 TO 1450
1400 S(L)=J
Z25=25+C(J)
U0 1425 1l=]1+M
1425 B8S(I1)=6S(1i)+A(11+J)
C NWATURAL OuAL INTEGER SOLUTION FOUND
1450 CONTINUE
NlD=NIU
GO TO 2320
1499 Ku(l)=o
C COMPUTE NEW SURROGATE CONSTHRAINT
1500 IF (15CMAX.LEO) GO TO 1599
HMr =20 AR
U0 1505 [I=}e40
1505 sBMPl=uMPlexL (1)*B(I)
IF (ABS(8MPl=8(M))eLEe0+0005) GO TO 1599
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It (M=MO,LT.1SCMAX) GO TO 1520
DU 1510 [=ML.M
B(l)=u(l+1)
BS(1)=85(1+1)
LU 1510 J=|«N
1510 A(lyJ)=A(1¢rled)
M=M=}
1520 B(Me#1)=BMP]
LU 1553 J=lsN
Z2IH =KA(J)
IF (JH(J) oGE« (=N) ) ZJIH==ZJUH
IF (JH(J)«Gled) 2JH=0.
1550 A({Mde]l syl =2Unt
M=ite])
HS (M) = (M)
DO 1575 K=1sLl
Kl=5(K)
IF (KIOLEOO, GO TO 1575
HS (M) =dS(M)+A(MyK]1)
1575 CONTINUE
[F (NUP.NE,0) GU TO 1599
PRINT 1598.M
PRINT G600+ {A(MsJ)eJd=1eN),B(M)s8S(M)
1598 FORMAT (21HOSURROGATE CONSTRAINT9Z2Xe14)
1599 1IF (KU(1)«EUs6) GO TO 3400
C CHECK THE ROUNDED DUAL SOLUTION FOR FEASIBILITY
1y0U CUNTINUE
Tu=.5S
upn F=ZS
Fl=s (M)
905 N0 910 J=1.N
IF (NS(J)«EQeD) GO 10 910
IF (N{J)LTeTD) GO TO 910
F=FeCly)
Fl=F1*A(MyI)
910 CONTINUE
IF (FeVGE.ZBAR) GO TO 2400
IF (Fl1.GEe0«0) GO TO 920
915 GO TO ¢400
920 DO 930 I=14M0
Fe2=8s5(1)
NU 925 J=1sN
IF (HS(J1eEWsQ) GO TO 925
IF (D{u)eLTeTD) GO TO 925
F2=F2+a(]l+J)
Q25 CONWTINUE
IF (F2.LT+040) GO TO 915
930 CUNTINUE
C ~OQUNUED VDUAL SOLUTION FEASIBLE
Q3] NCILZ3NnClD2+}
932 NOPT=NUPTe}
CALL SECOND(TI)
IF (MeEUWMQO) GO TO 940
DU 935 [=M] M
B(l)=u(])+F-2ZKdAR=ZUAR
93% d5(1)=eS5(]) ¢F=2KdAR=2HAR
Qe Z2oAR=F~ZKHBAR
DU 945 J=l,4lL
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SMAXH (J)=SB8(J)
945 SMAX (J)=2S(J)
Ksl
LY 950 J=1.N
IF (NS(J)«EQs0) GO TO 950
K=K+)
SHAXH (K} =BLANK
SMAX (K)=J
1F (D(J)eLTeTD) SMAX(K) ==y
950 CONTINUE
1F (NUOPNELO) GO TO 940
PRINT 3310.F
PKRINT 3600+ ( (SMAX(J) oSMAXR(J) ) sJ=]9N)
960 CUNTNUE
NOBJ=UHJ
208J=NUBY
I¥ (QBJ.NE.Z0BJY) 20BJ=Z0dJ*1.0
1F (Fe+EW.Z208J) GO YO 3500
GO TU 2400
C OBEGINNING OF AN ITERATIONe. MAKE CHEAP ATTEMPT TO FATHUM
1310 1JK=0
1920 CUNTINUE
IF (25.GE+ZBAR) GO TO 3100
D0 1950 [1=1.M0
Ir (BS(I[)«LTe0e0) GO TO 1980
1350 CUNTINUE
GO TO 2329
C SEE IF AMY VARIAHLES MUST BE 0
1940 CUNTINUE )
DV 2000 J=1sN
IF (NS(J)EQa.Q) GO TO 2000
[r¥ (25+C(J)+LT.28AR) GO TO 2000
NS(J)=O
L=Le)
SH(L)=4ClB
S(L)==J
2000 CONTINUE
KINS=0
IF (IJKeEUWL]1) GO TO 2300
IF (1JK.EQe2) GO TO 1000
TuK=}
IF (MeLToM1) GO TO 2025
MS5C=)
11=M}
12=i4
G0 TO 4050
2025 MsC=)
[1=1
12=M9
C PEXFURM BINARY FEASIBILITY TEST
2050 DU 222y l=11.12
w=nS(I)
LO 2100 J=leN
IF (NS (J)eEWe0) GO TO 2100
IF (A(l+J)e0Te0e0) WaQeA(Trd)
2100 CUNTINUE
2110 IF (1eLTe0.0) GO TO 3000
C SEE IF ANY FrEE VARIABLE MuST BE 0 OR )
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100 2200 JL 3 }JeN
IF (A(LeU1) «Ef0. 040) GO TO 2200
Ir (M51J1)t3.0) GN TO 2200
2120 Ir (QeUEABS(A(LJ1))) GO TO 2200
NS{J1) =9
L3l
So(L)=eCiH
I¥ (atleJdl)eGT4,0.0) GN TU 2150
S(L)==J}
6L ) 2200
2190 S(L)=Jl)
25=245C(J1)
DY 2179 19=]+M
2175 d5(19)=b31I9) eA(199J])
KINS=KINSe|
2200 CUNTINULE
2300 CONT(HUE
Ir (K[t GELLINS) GO TO 1920
{r (<INS.GE«IINS) GO TO 1920
2220 COUNT(NUE
IfF (MSU.EQ.0) GO TO 2025
[F (KINSLEQey) S0 TO J000
{UK=)
60 Tu 1920
C A BETFER FEASIBLE SOLUTION HAS BEEN FOUND
2320 CONTINUE
IF (MetueMy) GO TO 2340
C KEVISE wil) ANV 8SU(I) USING MEW ¢S
DU 2325 [=M]| M
B(l)=l]) eZ5-2K3AR=LBAR
2325 S (]l)=us(])e2S=-LK3AR=28BAR
2360 28AK=(>-2KBAR
DO 23506 J=s[«N
2350 SMAL(JI=S(HN
Gu TO 3300
C AUGMENTATION STEP
2400 x1=0
IF (SC.EUL.0) GO TO 2415
IF (IF<STWNEO) GO TO 2418
IPRST=}
D0 2410 J=]1eN
IF (NS(J)eEWe0) GO TO 2410
Ji=(
IF (D(U) eENele0) J1lmy
1F (D(J) eEUe0e0) J1z=J
1IF (J1.£0.0) GO (0 2410
Lale]
NS (J)E)
S(L)=vi
1F (UlelLTe0) GO TO 2410
25=25C (N
UV 2eVY [=m)eM
2405 uS(1)13aS (1) eA(]ed)
2010 CONTINUE
2415 CunTNUE
IfF (1ToecQ.0) GO TO 2425
IF (JSCFRWNELO) GO TO 2429
U0 2udl Js]eN
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IF (NS(J)sEW.0) GO TU 2420
IF (DUJ) JEUALIMTID(J))) GO TO 2420
Kl=aK]jel
T(Kl)=y
2420 CUNTINUE
ue TO 2505
242% CONTINUE
LU 2500 J=]N
IF (MSUJU)eEU.0) GO TO 2500
Kl=K1¢*{
(K1) =v
6L T0 250V
2659 CONTINULE
2500 CONTIMUE
2535 CONTINUE
[¥ (KleEUWsQ) GO TO 3200
NAP=NAP ¢ |
H='l.0c'l0
00 2575 K=]K})
JaT(K)
P1=0.0
VYU 2590 1=1+M
Pe=BS (1) eA(1+J)
[F (P2.GE«0+0) GO TO 2550
PlzP|eP2
2550 CONTINULE
1F (PleLEsP) GO TO 2575
PzP)
Ji=J
2575 CONTINUE
NS(JL11=0
L=ale}
S(L)=J}
£932S5°CLU))
DO 26V0 I=)eM
2600 US(I)I=EeS(I)eA(l4J])
vy TO 1910
C FATHUMED UUE TO SINARY INFEASIBLE CONSTRAINT
3000 NCON=NCONe]
GU 10 3500
3100 NREU=N<EDe|
6V T0 3500
C FATHUME!) UUE TO LACK OF FREE VARIABLES
3260 NAUG=NAUGeL
oV Tu 3500
3300 NUPT=NUPTe)
CALL SECOND(TY)
IF (NUFNELO) GU TO 3500
PRINT JIL1VLS
PRINT 3600+ ((S(K) oSB(XK)) 9X=]oL)
3310 rUrMaT (23H) BETTER SOLUTION FOUNDSX92HZmelPELS,.8)
oU TO JS500
3400 NLPF=NLPF e}
GV TO 3500
C HACKTIKACK STEF
3500 CORTINLE
NENUASNENUMe |
IF (NENUMoLT.KENUM) GO TO 3530
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NENUNM=0
3505 CUNTIMUE
ENUM=0.0
DL 351) K=]1N
3510 IF (SU(K) JFEUHCIH) ENUM=ENUMe 500K
CALL SECCND(T2)
ELTLl = T2 - T9
ELT2 = T2 = T1
T1 = T2
IF (ELI1 +LT.MAXT) GO TN 3515
MAXT==1]
GO T0 3517
3515 CONTINUE
[F (HUPNE.O) GO TO 3700
3517 CUNTINUE
PRINT JS2O0ENUMIELTLEsELTIZWL
3520 FORMAT (110+F10.5+33H OF THE SOLUTIONS hAVE BEEN ENUMERATED »SX s
L ESHTYIME IN SECONDS +2XsSHTUTAL9FB84392X e THELAPSEDFBeJ
L SXe2HL=913)
3530 CONTINUE
1F (MAXT oGEes 0o) GO T0 3700
PRINT 9090
9090 FURMAT (*0F INAL PARTIAL SOLUTION®)
PRINT 3600+ ((S(K)ys SB(K))K=1yl)
3600 FUKMAT (15(2Xel49Al))
60 TU 3728
3700 NFATH=NFATHe)
3710 IF (L «EWe 0) GO TO 37138
I¥ (su(l) EQU., SLANK) GO TO 23900
JsIABS(S(L))
NS (J) =V
IF (S(L)eLTe0) GO TO 3735
25=25=C(J)
UV 3745 L=]leM
3725 8S(11=a8S(l)=A(lsJ)
3735 So (L) =HLANK
S(L)=0
L=L=-]
IF (LeGT.0) GO TO 3710
C FINISHED inOwe PREPARE AND GIVE FINAL OUTPUT.
3738 CONTINUE
PRINT 1739+H]leH2
3739 FORMAT (IH]1 +SXe2A6)
U0 3740 U=1N
3740 S(JU) =0
U0 3742 J=]eN
K= JAHS (SMAX(J))
IF (KeEWe0) GO TO 3746
3742 S(K)=1
37«4 DU 3746 K=] N
IF (S(K)oNE.O) GO TO 3746
SMAX (J) ==K
JaJe|]
3746 CUNTINUE
caLL SECUND(T2)
ELT] 3 T2 - T¢
IF (MAXTLLYe0) GO TU 3792
PRINT JT50.ELT)
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3750 FORMAT (JOHOIMPLICIT ENUMERATION COMPLETE 95X 1 1HTOTAL TIME=eF3e3)
60 TO 3758
3752 PRINT J75S.ELT}
3755 FUKM4AT (J4HOTIME EXCEEDED +SXeYIHTOTAL TIME=9F8.3)
J758 CONT]INUE
JBAR=0.0
10 3439 Jza]eN
K3lARDS (SMAX(J))
[F (CS(R)eLTa0e0) SMAX(J)==SHAX(Y)
[F (SMAX(J)e(T40) ZUAR=ZBARCS(K)
3435 CUNTINUE
PRINT +840eZBAR
3840 FUFMAT(°0SOLUTION BEFORE VARIABLE CHANGE Y(J) =} = X(J) IF CtJ) 1
1S NEGAT[VE..®/9 LEAST 2 = #,]PE]17,.8)
3800 VU 23810 K=1leN
38310 T(K)=0
00 34¢y K=19N
Kl=]AYS (SMAX(K))
INZ0 Ir (SMAX(K)eGTL.0) T(K])=K])
PRINT 9011
9011 FORMAT(® VARIABLES SET TO OMNE®)
PRINT 830+ (T(K)9sK=1pN)
3830 FORMAT (1S(aXxs13))
ELTY = T3 =10
NITER=SNFATHINFATH=]
PRINT 3BSO+NOPTeNREDO¢sNCON«NAUGINAPNIDINCID2
PRINT 3851 «NLPF «NSIMPINITERVELTI
3850 FORMAT (23HONU, FEASIBLE SOLUTIUNS, IS/
114 2S GE 78AR+IS.6H TIMES/
22H CUNSTRAINT INFEASIGULE + [Se6H TIMES/
20H AUGMENTATION [MPOSSIULEISe6H TIMES/Z
22H AUGMENTATION POSSIBLEIS+6H TIMES/
14H INTEGER QDUALS IH9H6H TIMES/
26H NO, OF ROUNLED INT. DUALSIS)
3851 FORMAT (12H LP FATHOMEDy 1Se6H TIMES/
. 10H LP CALLEDISsaH TIMES/
L 15H NO, [TERATIONS,IS/
L 26H LAST FEASIBLE SOLUTION ATsF8.3+9H SECONDS)
C END OF FINAL OUTPUT. LOUOK FOR ANOTHER PROBLEM NOW.
GO 70 100
C COMPLEMENT AND UNDERSCORE LAST REMAINING ENTRY IN S,
3900 So(L)3uClY )
S(L)==S(L)
JEIABS(S(L))
IF (S(L)eUTe0) GO TU 3950
25325-C(J)
DO 3925 Is) .M
3925 8S(1130S(1)=A(]eJ)
60 TO 1910
3950 25825¢C(J)
UV 3175 JajeM
3975 8S(11=2S(1)*A(]led)
tivu
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SUBRUUTINE STMPLE

C AUTOMATIC SIMPLEX REVDUNDANT EUUATIONS CAUSE INFEASIBILITY

100

1920

COMMON INFLAGoMAJNNA(133¢790)¢CLY0) o8B (133) oKO(6) oKB(D0) sP(Y0) o
1 JH(99) o X (Y0} oY (90) »0OBJsE (133990) oNOP

CUOMMUN U3S(133)¢S(50)+5B(90) +NS(99) 9SMAX(I0) ¢ SMAXB(S0) o
1 T(90) eCH(Y0) ¢PE(FO) s ITEMP () o JTEMP (4) 9 ATEMP (w)
COMMON MS(90) oNF (90) » ZBAR [RILPSEQ

EVULIVALENCE (xX+sLL)

LOGICAL THIGWVER

LOGICAL FINVeFFRZySCH

SET- INITIAL VALUESy SET CONSTANT VALUES

FINV 2 oFALSE,

TRIG 3 +FALSE.

ITER = 0

LPSEQ = LPSEQe}

NUMVR = -0

NUMPV = ¢

M = MA

N = NN

TEXP =3 (S0}

NVER = M/2 « §

NCUT = 4a*M ¢ |]0

IF (INFLAGL,EQ.0) GO TO 1410

1MPUSE CORRECT TEMPERATURE ON ROWS
FFRZ =2.THUE.
L =)
IF (MS(L).EQ.NF (L)) GU TO 1955

IF (MS (L) ONF (L) eGTe0.0R, (MS(L) eEQe0sANDeX (L) eGE+0e)) GO TO 1950

IaL
IF (NF(L)eNELO) GO TO 1925
IF (JH(1)eGT.0) GO TD 1930

IF JUH DISAGREES wlTH MS DO SPECIAL PIvOT
IF (MS(L)eGTeGeANDJHIL) «GEo (=M)) GO TO 1950
IF (MS{L) eLToe06ANDoJH(L) oLTo(=M)) GO TO 1950

C SPECIAL PIVOTy SWITCH SINGLETONS

1925

1926

c

1930

1931

1932
1935

DO 1926 J=]eM
P(J) = P(J) ¢ El(loJ)
E(lsV) = =E(14J)
CONTINUE
VBJ = UsJd » X(I)
X(I) = = X(])
JHL 3 JH(L)
IF (UHLGGEs (=M)) JH(L) = =L-M
IF (JHLeLTe(=M)) JUH(L) = =L
G0 TV 1950
00 FULL FIVOT ON SINGLE ' N
JT ® =]
COST = ¥ (1)
IfF (MS({])¢GT40) GO TO 1931}
JT B JT=M
CuST = },-COST
EN = ],
GO TO 630
GET COLUMN(JT)
SCH = LFALSE,
IF (COST.GTs0e) GO TO 1938
00 70 1000
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19136
1v318

1937
19640
194])
[T
19495
1950
1955

1960

Ce
1410

1402
1400

1401
1320

1151

1111
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SELECT ROW(IR)
IF (IR.NEe+0.OR,SCH) GO TO 1940
SCH 3+.TRUE,
EN 3<EN
DO 1937 Uzl M
Y(J) = =Y (D)
CONTINUE
60 TO 935S
IF ((SCHeAND  ABS (COST) «GTTPIV) ¢4OR.1R.EQ.0) GO TO 1980
1F (EN.GTe0e) GO TO 945
DO 1942 U =]1M
Y(J[ = =Y{(J)
CONTINUE
w0 TO 901
PIvOT(IR.IT)
NF (L) = MS(L)
IF (JH{L) L Te0) GO TO 1960
[A=Jn (L)
kB8 (1a) =L
CONTINUE
L=1L-*1
IF (L «LEe M) GO TO 100
FFRZ = FALSE.
GO TO vl0
START wilTH SINGLETON BASIS
00 1402 J=1sN
Kg(J) = 0
CONTINUE
FFRZ =,FALSE.
DU 140} 1 = ]oM
Jr(l) =-g
NF (1) = NS(I)
IF (NF(I)eLTe0eORG(NF(])eEQeOeANDeB(I)elTe0e)} JH(])a=1=M
CONT INUE
CREATE INVERSE FROM zKBz AND #JUHz (STEP 7)
VLR 3 .'RUE.
INVC = 0
NUMVR 3 NUMVR ¢])
TRIG 3 oFALSE,
OsJ 3 Ve
VU 1143 1 = oM
DO 1151 us].M
FlJel) = 0o
CONTINUE
IF (JH(I)eLTe(=M}) GO TO 1111
IF (UH(1)«GTo0) JH(]I) = 0
E(lel) = |,
(1) = 0,
x(1) = BN
60 16 1113
t(lel) = =},
XR L = o},
0By = Oy ¢ 8(1)
x{1) s =3(])

1113 CUNTINUE

10101

Ji = }
IF (Kd(JT)eEQe0) GO TU 1102
60 TU 600
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(o GET COLUMN({JY)
1114 TY = TPlV
IR 3 0
COST = C(JT)
DO 11064 1 = 1oN
COST = COST ¢ A(JT,1)®P(])
IF(IH(T) oNFaQeORX(]) NEeOeoORABS(Y(I))LE.TY) GO TO 1106
Ty = ABS(Y(I))
1104 CONTINUE
[F (IR,NE«0O) GO TO 11°°
7Y = 0o
VO 1105 1 = 1.0
IF(JHLL? eNEoQeOReX (1) sEQe0esORABSIY(I))WILE«TPIV) GU TO 1105
IF (ABS(Y(I))+LE,TY®ARS(X(I))}) GO TO 1105
TY = ags(y(l)/7x(1)) ’
IR =1
1105 COnTINUE
1119 If (IR.NE.0) GO TO 900
C PIVOT(IK,.JT)
FINV = TRUE.
IF (NUPJFQ,0) PRINT 1199,LPSEQ
1199 FORMAT (1SHOINVERT FAIL LPe14&)
GO T0 1610
1102 CONTINUE
JI =2 JT ¢ )
IF (JT «LE. N) GO TO }010)
C*® PERFORM A SIMPLEX ITERATION
1200 VER = oFALSE.
S00 00 S03 I = 1M
IF (NF(1)eEQeQeANDX(I) LTo0e) X(I)=0o
503 CONTINUE .
ce FIND MINIMUM REDUCED COST (STEP )
599 JT = 0
[-].] =2 0.0
DO 7¢L J =3leN
IF (KB(J)eNE.O) G0 10 701
DT = C(J)
DO 303 1 = J.M
VT = DT ¢ A{Je ) eP(])
303 CONTINUE
IF (UT.GE.88) GO TO 701
B = LT
JT =2 J
701 CONTINUE
UO 702 I=zi«M
1IF (UH(I)eLT,0) GO TO 702
IfF (P(1)eLTe8Bd) GO TO 703
IF ((1e=P(]))eGEsusrd) GO TO 702
88 = J.=P(])
JT 3 =]=M
60 TO 702
703 go=r (1)
JT = =]
7102 CONTINUE
CUST = bd
1F (JT.EUe0) GO TO 203
IF (ITERJGE.NCUT) GO TO 160
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ITER = ITER ¢])

ce MULTIPLY INVERSE TIMES AlesdT) (STEP &)
IF¥ (JT«LTe0) GO TO 630 .
C AEGIN SUBROUTINE GET COLUMN (JT)}
600 DV 610 I= 1M
Y(1) = 0.0

610 CUNTINUE
oV 6uS I= 1M
ALJT = A(JT.1)
IF (AIJT.EQe0s) GO TO 60S
DO 606 J = lM
Y(J) =2 Y(J) ¢ ALJT2E(Je])
606 CONTINUE
605 CONTINULE
GO TO 640
630 JI2 = =JT
EM = be -
IF (JT2.LE.M) GO TO 631
JT2 2 JT2 - N
EM = =l
631 NV 632 [=)M
Y(I) = EM®E(1,JT2)
632 CONTINUE .
660 YMAX = 0,
DO 620 1 = 1M
YMAX =2 AMAX1( ABS(Y([)) YMAX )
620 CONTINUE
TPIV = YMAX ® TEXP
(o END OF GET CULUMN
IF (FFRZ) GO 70O 1932
[F (VER) L0 TO 1114
RCOST = YMAX/RB
IF (TR1G.AND.BB.GE+ (=TP1V)) GO TO 203
TRIG:Ud.GE.(-TPlV)
Ce SELECT PIVOT ROW (STEP S)
1000 AA = TPLV
I = 0
1002 VO 1003 I = 1M
IF (X(I)eNEeQesORY (1) LEsAALORINF (1) eNELO) GO TO 1003
AA = Y(])
IR =1
1003 CONTINUE
IF (IN«NEes0O) GO TO 1020
AA = 0.
00 1016 1 = 1M
1fF (hF(l).NE.0.0R.Y(!).LE.TPlV.OR.Y(I)oLE.AA'X(l)) G0 10 1010
AA = Y(1)/X(1)
Ik = 1
1010 CONTINUE
1920 IF (FFRZ) GO TO 1936
IF  (lkeEW,0) GO TO 207
ce PIVUT ON (IRyJT) (STEP 6)
991 1A = Jn(lx)
If¥ (1A.0GTe0) KB(IA) = O

C sEGIN SUBROUTINE PIVOT(IR.JT)
300 NUMPY B NUMPY ¢ |}
Jr(Ir) = JT

IF (J1+GTe0) KB(JT) = IR
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Yl = =Y(IR)
Y(IR) = =]q0
DO 904 U 3 )M
XYy = E(IReJ) /Y1
P (J) 2 P (J) o COST ¢ xY
E(IRJ) = 0,
VO 936 T = oM .
EClod) = E(I9J) o Xy o Y{I)
906 CONI INUE
¥4 CONTINUE
XY = X(IR) 7 YI
OV 908 I = 1+ M
X0L0 = X(I)
X(1) 3 XOLD ¢ XY ¢ v ([)
903 CONTINULE

Y(IR) =-=Y]
XCIR) =3 =XxY
c END OF PlIvVOT

o8y = 03J + XY®COST
IF (VER) GO TO 1102
C EXCHANGE ROWS IF SLACK PIVOTEU IN WRONG ROwW
IF  (JTeGTo0s0ReJT2EQeIR) GO TU 907
XY = X(IR)
XtIR) = Xx(JT2)
X{(J12) = XY
00 999 I =]l eM
XY 3 E(IReI)
E(IRs[) = E(JT2s1])
E(JT2+1) = XY
99 CONTINUE
[A = JW(JT2)
JHJTZ) = JT
JH{IR) = A
xd(Ia) = IR
907 1nvC 2 INVC ol
C TO STEP 1 It NOT INVERTING, TO STEP 7 IF INVERTING
If (FFRZ) GO TO 19S50
IF (NBJ.GE.ZBAR) GO TO lan
I (FINY) GO TO 1200
950 IF (INVC.GE.NVER) GU TO 1320
G0 T0O 200

C®* END OF ALGOKITHM, SET EXIT VALUES YY)
207 IF ({RCOST.LE, (~1000,)) GO TO 203
(o INFINITE SOLUTION
K = ¢
60 V0 250
140 K=o
6L T0 250
C PRUGLEM IS CYCLING PERHAPS

160 K = &
PRINT lol.LPSEQ
16)1 FORMAT(3IHOITERATION LIMIT EXCEEOLD ON LPsl14)

GU TO &5¢
c FEASIBLE On INFEASIULE SOLUTION
203 x = 0

250 0OV 1399 J 3 ] +N
XX = 0,0
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KBJ = KB(J))
IF (KBJONE«O) XX = X{KHJ)

Kd(J) = LL
1399 CONTINUE

K0¢(1l) = K
KO(2) = ITER
KU'(3) = INVC
KO(4) = NUMVR
KO(S) = NUMPV
Ko(6) = JT

IF (NUPaNE,Q) RE TURN
PRINT 162+LPSEQy (KO({I) 9 I=1+6)
162 FUORMAT(3H LP+1Ss6H KO 2616)
PRINT 198¢
19R2 FORMAT(21HGI JH NF MS sPsY9eXs8/1X)
D0 1983 I=})ei1
PRINT lqéhvloJH(l)QNF(I)’HS(I)’P(I)OY(I)QX(I)QB(I)
1923 CUNTINULE
1984 FORMAT (1Xe41394F1246)
RE TURN
1940 IF (NUP.EW.0) PRINT 19681 ¢LPSEQsL 9 IRy SCHsCOST
1981 FORMAT( JHOLPsI4912H FAILe SLACKsI394H 1R=f395H SCH=L193H C=F19,.6)
IF (IReNE.0) GO TO 194l
GO TO 1410
END



VARAME Te NS

N N L SC RENUM TuAR ISCHAR ISCFR MAXC MAXT NOP  ZxBAR It  TiTLe
N 0 O 10 v. (] 0 0 v00 0 0. 0 © Ts2 ONLY
NIRENSIONS., B = §1)e N = 99

INITIAL SOLUTION
-¢

COST COEFFICIENTS

-2.0!800[°0J-7.93000C’°¢°)-]6000[003-~oIQJOOE003'5-~8000E°02‘5.68000£002'3.902005003'5-70lOOL'OJ’D-338005'03-6o82000t°02
-l.J0°00€003-2.09030E'0£°lo“ObOOE00]-2.01800(‘0]-3.899005003-3.699005003-5.705005003-5-977005003-5.390005002-6.10600t003
-6.0-500E'0]-5.“:3095'01'IobbN005°°J-ﬁo000005002°6.80000£°°Z-l.223006003-6.150005002-7-00000E°02-l.005505'06-9.60000[003
-l-'bhﬁo"0*-10'65005'0)’b.h$000€002°lo215005003'9ollOOOC'GJ'B.?OOOOE'OI-l.thOOE'OJ-JthOOOE'OJ-l-960005°02-2-32390l°03
-l.v’ZOQEOOI-J.ll0005003'2-IQIOOE'OJ'boVOOOOE‘OI'7060000t‘0]-30857005003'1-165005003-6ov37001°03~6-102005003-3-050005002
-5.050005'0)-5.13100('0)-6.90700£°03-l.(’SIOEOOB°I.DO!OOE‘OJ-]o9?300£OOJ-J.VSOOOE'02-2.656&05003-3.053005'03-7-2900;E-02
°S.12930€°0)-8.36£00i'03’ﬂ-7“!00['03-1.97000£'02*0.972005'0]-9.763005’03-6.000005'01-2-lSTOoE'03-5-87000£'02-9-9?000&'02
-l.79700€001-9-9£OOOE°0£'lo0?990['03~l.h7130€°05-l.6]050['06-2-15690600h-2.leOOE'OJ-l-000305'03—1087300E003-1-JJobo:'Oé
'1-2*000"03'?-1lhoot’03'5000900i°03-2-d<0005'02'3-61JDOE00]’2-868005'0]"-50600E°03-J-£l°00€003-1-010005'02-1-120305'32

CUNSTRAINT CUNSTANTS

=2e%J0U0F+03-5.20009t*01=6+H0000E°0]1 7.03400E403 1.50120E+04=00
~°.
1.00000F+00 1.00000E<00 14UN000F*00 1.000006£900 1.00000E+00 1.000GOE+00 1.00000E400 1.00000£+00 1.00000E200 1.0%0C0E+00

0.

=0

1.00000€+00 1.00000C+90 1.00090F+00 1.00000E~0"
1.00900%+00 1.u0000E+00 J.U00T0E*00 1.00000c¢00 1.00000E¢0C 1.U00GOE-CO O

1.0009Cc«00

Ve

=0.

-0.

-0.
=0

-0
-0

“0e
«0.

-0e °
-0

<+00000L+00 1.00000£+00 1¢00000E+00 1+00000£+00 1.00000E000 1.300C0t 00

“Ten00UO0Fe01-7430000E°0s «+75250E°06¢ 1.50120E°06=0e

=0
1.,00000E400
1.00003F .00
1.00004€+00
JevOOUVUF Q0
J.90000F¢00
1.40000F ¢ 00
1.000006E00

-o.

O

1.00000E+00 1.00090£+00
1.00009c+00 1.00090E+00
1.006003c+00 1.00090€+00
1.30009+00 1.90000£¢00
1.00000t°09 1.900V0€E+00
1.00000E°00 1+00000F*00
1.0000)L+00 100000500

CONSTRANT MATHIX. BY <UwS

Oe
Oe
°o

Ce740005+0)

348000802
O
Qe
Ge
[

Qe
0.

0.

7.80000€°01
9.00000t°0¢

0.
°.
°.
de

0o
°'
Oe
Qe
J.0K000E*02
Qe
Qe
Oe
Oe

Ve

1.09000£+00
1.00000€¢00
1+v0000E+00
1.0000VE°00
1.00000E+00
1.00000€+00

0.
o.

0.
7+.80000E+01
0.
0.
Oe
0.
Oe

0.

1.00000c00
1.00000€E°00
1.0000%€+00
1.00000€+00
1.00000€°00
1,00000€00

0o
0.

Qe
1450000€+03

-0.
-0,

=0
=-0.

-0

=3

-0
-0

1.00000E00 1,U0000E00 1.00000E£900 1.C00005 00
1.00000E+00 1.00000E*CO ie00000E200 1.000CUEQ0
1+00000E°00 1.G0000E*00 1+00000E+00 1.000CCL 00
1.U0000E°00 1.00000E«00 1.20060C*39
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e =2
SNPLICIT ENumERATION CUORMLETE 'O'IDL JTing=  28.62)
SOLUTION BEFORE VAMIASLE CnANGE YIJ) » l - ICJ) IF CuJ) IS ﬁ“llﬁoo

LEAST Z »  =51.40200000C+03
VARIABLES SET TO OnE

< ] (] 0 0 ] ] ) 0 10 e [ ] ] 0 0

0 0 ? ) ° s 0 . ° ] 9 ° 0 0 o

0 ° 0 0 ° 34 0 3 3v 00 a1 2 3 0 o5

0 0 0 o ° e 0 ° ] . 0 e -0 0 ]

° ° 0 0 0 0 0 0 .- ¢ 0 0 n 76 °

128 9 0 ] 0 0 . 0 o 0 0 0 . . 0
NO. FEASIHLE SULUTIONS ¢

2S GE 28w v Tleed
CUNSTPAINT [rf EASIBLE 271 VIMES
AYGENTATION IMPUSSIOLE 0 TINES
AUGMENTATEION POSSTIeLE 37 TImES
THTEGER NUALS ( TInES .
. 140e OF “OUNLED INT, ULALS 0
LP FATHUOMED 0 TivE>
LP CALLED 0 VIMES
1.0 [TLwaT]O~S 15
LAST FEASIBLE SOLUIIUN AT 9.826 SECONDS

*Projects to be implemented for the second plan petiod (t = 2) are numbered 46 through 90.
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'APPENDIX.C: RESULTS OF SELECTION FOR A SINGLE AND
MULTIPLE (IN THIS CASE 2) TIMR PERIODS.



*T=1,8ALAS®

INPLICIT ENUMERATINN COYPLETE
SOLJUTION BEFNRE VARIASLE CHANGE Y

LFAST 2 = -15,75500000C
VARIASLES SEV 10O ONE

0 2 o

0 9 -0

0 32 g

NO. FEASIGLE SILUTINNS

2S GE Zwap 3 TIAES
CONSTRAINT INFLASTILE
"AUGMENTATICN 14POSSIALE
AUGMENTITION PO33INLE
INTZGER DUALS 9 TIMES
NO. OF RDUNICO INT, nUALS
LP FATHOMED 0 TIMES

LP CaLLED 0 TIHES

NO. ITERATIONS 13

LAST FEASIBLE SOLUTIONM AT

03
0
0
0

2

2

-

TOTAL TIMEs

TIMES
0 VINES

6 TIMES

«936 SECONNS

1.118.

(J) =1 = XUJ) IF CCJ) IS NESATIVE..

0 0 0 0
0 0 0 0
.38 33 &0 %1

€0


http:I14P,,)3.LE

® 132
INPLICIT ENUMERATION COMPLETE TOTAL TIME= 53,213
SOLUTION BEFORE VARIABLE CHANGE Y(J) = 1 = X(J) IF. C(J) IS NEGATIVE..

LEAST Z = =54.54700000E2+03 B
VARIABLES SET TU UNE

0 2 o ) 0 0 0 0 0 .10 0 0
0 0 0 0 0 0 0 0 -0 0 0 0
0 0 0 0 0 0 0 38 39 a0 &) 42
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 -0 0 0 o 0. 0 0
76 77 0 0 0 81 0 0 0 0 0 0

NO. FEASIBLE SOLUTIUNS “

25 OF {BAR 11 TIMES

CONSTHRALINT INFEASISBLE ©6 VIMES
AUGMENTALTION IMPUSSIBLE S TIMES
AUGMENTATION PUSSIBLLE 6S TIMES
INTEGER OUALS 0 TINMES

NOe OF HOUNDED INT. DUALS 0

LP FATHUMED 0 TIMES

LP caLLED 0 TIMES

NOe ITENATIONS 131

LAST FEASIBLE SOLUTIUN AT 25,947 SECONDS

*Projects to be implemented for the second plan period (t = 2) are numbered 46 through 90.
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