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PREFACE

The motivation behind the Guidelines for Benefit-Cost Analysis
is the perceived need for consistency among benefit-cost studies performed
both by government departments and private consultants. Variations in
general methodology, assumptions and measurement technique characterize
most existing benefit-cost studies. The purpose of the Guidelines is thus
to (i) develop an understanding of benefit-cost analysis;.(11) increase under-
standing of how it aids the decision-maker: and (iii) establish a set of guidelines
around which consistent benefit-cost studies may be constructed.

The toocls of economic analysis subsumed under the title benefit-cost
analysis have not yet become a generally accepted set of principles and
procedures which may be applied mechanically on a repetitive and routine
basis to all possible 'situations. Ample evidence supporting this statement
can be found in reports and studies which purport to be henefit-cost
evaluations but which do not conform to even the most fundamental of economic
concepts. Among those studies and reports which may duly be termed benefit-
cost analyses there frequently exists a wide disparity in measurement
technique, assumptions and general approach. The motivation behind the
Guidelines for Benefit-Cost Analysis is this lack of uniformity of method.
The purpose in establishing benefit-cost guidelines which are generally
accepted among government departments is to reduce the range of judgments
as to measurement technigque, assumptions and general approach whicnh must
be made by the individual analyst. Thus, if government departments employ
the Guidelines in carrying out project appraisals performed both by staff
analysts and outside consultants, greater consistency should result. This
is the objective of the Guidelines for Benefit-Cost Analysis.

Some comments regarding the history behind the Working Group on
Benefit-Cost Analysis might be of interest., In August, 1974, a discussion
paper covering some topical areas of current interest in benefit-cost
analysis was circulated among the departments comprising the membership
of the Environment and Land Use Committee. In addition, the Crown
Corporations and Commissions received the same corraspondence. The
Deputy Ministers of these departments and agencies appointed an economist
from their staff to be a member of a Working Group on Benefit-Cost
Analysis. The broad topic of benefit-cost analysis was divided into a
series of sub-topics with each member of the Working Group agreeing to
selact one or more topics and submit a paper examining that topic in
detail. The Committee met again on several occasions and by early 1975
‘all papers had been submitted. The Chairman's duty was then to edit
the papers into a consistent whole. This proved to be a more ambitious
exercise than anticipated with the result that the Chairman elected the
alternative approach of drafting the Guidelines weaving in the Wor<ing
Group members' contributions as required. This process also proved more
ambitious than anticipated and at times the Guidelines languished due to
the interference of other projects. However, in June, 1976, the first full
draft was presented to the Working Group.

. ii.=



The Guidelines for Benefit-Lost Analysis is definitely not an
“instruction manual. [t is a reference document for use by analysts who
have had a reasonable exposure to economic theory at least at the inter-
mediate unjversity level. It is the opinion of the Chairman, if not the
entire Working Group on Benefit-Cost Analysis, that a 'cookbook' style
approach to project evaluation can lead only to less than satisfactery
results simply due to the fact that benefit-cost analysis is still, to
perhaps a considerable extent, an art. While the Guidelines hopefully
make some progress toward reducing the area for judgment, 1t will be clear
to the analyst as he refers to the Guidelines that judgment still remains
a feature of the proper analytical approach.

With respect to the organization of the Guidelines themselves, the
Forward is intended to give politicians and senfor civil servants a very
quick overview of benefit-cost and policy analysis. Most policy makers
will elect to read no further. However, those with a personal curiosity
about benefit-cost and palicy analysis will find in Chapter 1 a somewhat
more technical (but still general) exposition of the foundations of the
fdeas stated in the Forward. Non-economists will likely read no further
than Chapter 1 as Chapters 2-6 contain the detailed Benefit-Cost Guidelines.
Chapters 2 through 6 presume a certain familiarity with economics as
indicated above and a reading of these chaptars might prove frustrating
for non-economists.

- {ii -



FOREWORD

Benafijt-Cost Analysis and Project Evaluation

The fundamental rationale behind any form of governmental activity
in the economy is the improved performance of the economy brought about
by such activity. Performance is measured by the degree to which an
activity helps society reach its goals. There exist a variety of avail-
able governmental policy instruments which may be employed to improve
the economy's performance - among them are taxes, subsidies, requ atjons,
and direct provision of goods and/or services by the government. The
evaluation of projects which directly provide goods and/cr services is
the subject dealt with in the Guidelines for Benefit-Cost Analysis.

Within the area of project evaluation we assume that choice is
necessary. [n other words, government has more opportunities available
for improving the performance of the economy than it can possibly under-
take with the available resources. Thus, projects or opportunities
compete for the limited resources available. Furthermore, part of the
cost of undertaking a particular project is the improved performance
of the economy associated with other project(s) which cannot be under-
taken due tc Timitations on available resources. In other words, projects
are compared one against another so as to determine which advances the
economy most substantially toward its goals.

The project evaluation technique applied to analyze the implications
of choice among projects is benefit-cost analysis. Benefit-cost analysis
as a recognizable body of partly standard and partly developing methods
has grown out of an interest on the part of certain economists in apolying
their expertise to the solution of the choice problem facing governments.
The type of benefit-cost analysis conducted in the evaluation of public
sector projects is distinguished from its private sector counterpart by
several features:

~-- The adoption of a broadef frame of reference;

-- The 1iberal use of the concept of sacrifice cost
or opportunity cost. In value terms, opportunity
cost is what must be given up (sacrificed} to gain
something else of value. Sacrifice is viewed from
the point of view of society, the most commonly used
referent group, hence the term 'social' opportunity
cost.

Sometimes the term social benefit-cost analysis is used to make this
distinction clearer,

Analysts performing benefit-cost analyses normally take for granted

the existence of a variety of governmental objectives which can be cate-
gorized as follows (there is no priority ranking implied):

- iy =



(a) economic growth;
(b) social well-being;
(¢) natural environmental quality.

In addition, there is typically a diffuse, but nevertheless important
concern, for achigving a fair and equitable income distribution.
Thus, a fourth objective is added to reflect this concern:

(d} income distribution/regional development.

Stating the standards by which performance of the economy will be
measured (i.e., stating objectives) is an important first step. But before
analysis of any particular projects can proceed, it is necessary to define
what is referred to as the referent group. This is simply the group for
which changes in economic circumstances caused by the project({s) are con-
sidered important. Any project effects occurring to non-members cf the
referent group are ignored. Typically, the referent group will be coin-
cident with the political jurisdiction of the government doing the project
analysis, although valid circumstances may give rise to both smaller and
larger referent groups.

The merit of any government policy can be judged according to the
degree to which it advances society towards its stated abjectives. In
evaluating projects, each specific opportunity is analyzed according to
the technical economic principles of benefit-cost analysis and is ranked
relative to its competitors based on the degree to which each suceeds in
meeting the array of objectives. The ranking based on this analysis
{technically referred to as 'eccnomic efficiency') is generalized in that
benefits and costs are attributed to the project no matter to whom they
accrue, provided that the individual or group is a member of the refarent
group defined at the inception of the analysis. However, in the array of
objectives set out above, we noted that specific groups of individuals may
be of particular intsrest to society for a variety of reasons. For example,
government may have the general policy of aiding farmers. Therefore, in
carrying out its activities and policies, government will want to insure
that other groups do not enjoy gain at the expense of farmers. Analysis
carried out under this fourth objective is referred to by economists as
'distributive analysis' for obvious reasons.

At the risk of oversimplifying the foregoina discussion of the
purpose and process of project evaluation, benefit-cost analysis produces
answers to the two questions:

(f) How large an increase in the size of the pie i3
produced by each of a number of projects; i.e.,
what are the contributions to economic effi¢iency?

{11) Who gets what size of piece; i.a., what effact
has the project on income distribution?

wr



Summar

Project evaluation is an analytical and decision process which helps
to il1luminate the implications of choice among alternatives. It consists
of technical analysis and political judgment. Therefore, project evalu-
ation is a process which combines the work of analysts, politicians and
senior public officials to achieve improved decisions. The technical
analysis highlights

-- the degree to which a project contributes to the
objective of economic growth;

-~ the opportunities for mitigation of possibly
adverse environmental and/or social effects of
the project;

-- the income distribution effects of the project.
Political judgment is required

-- to make final decisions on project choice through
use of technical information;

~=- to determine whether sufficiently adverse income
distributional effects have occurred and to
activate corrective measures if desired;

~- to pass judgment on mitigation expenditures which
exceed the value of the resources sacrificed.

The increasing presence of government in economic affairs through
government's several policy instruments (e.g., taxes, subsidies, legislative
regulations and public enterprise) must be justified on the basis of the
improved performance of the economy resulting from this activity. Properly
conducted project evaiuations through application of benefit-cost techniques
are one means of insuring that economic performance is improved.

- y] -



CHAPTER 1

BENEFIT-COST AND POLICY ANALYSIS

1.0 Introduction

The purpose of this introductory chapter is to set the method-
ological stage for our subsequent discussion of detailed benefit-cost
principles and guidelines. The intent is to explore the basis for the
functioning of economic analysis in public-sector decision-making, to
interpret the broad objectives of governmental economic policy in analyt-
ical terms as seen by the economist and to indicate how a particular
technique of public sector decision-making - benefit-cost anpalysis - fits
into this broad policy framework.

This chapter begins with a necessarily broad scope. Almost any
governmental action has economic ramifications and could be analyzed in
terms of economics. Therefore, economic analysis of public policy is
potentially a very wide field of inquiry. The importance of benefit-
cost analysis as & tool of public policy analysis is briefly described
in the first section. Then the role which the economist may play in
the area of public policy analysis is develooed. In Section 1.2, the
economist's view of the goals of public policy is interpreted. This
interpretation is followed by a description of how the social accounting
system aids in measuring advances toward or movements away from the goals.

Section 1.4 describes how the market system assists society in
achieving its goals. However, we find that the market does not always work
well; when it fails, society fails to achieve its full potential. This
short fall of social potential is the signal for policy intervention to
“patch up" the market mechanism. Subsequent governmental actions may be
classified into two categories - estabiishment of constraints an private
decision-making, i.e., regulation; or substitution of governmental for
private decision-making. The latter is our primary interest.

Having established this central interest, it is recognized that
the efficiency goal must be bolstered by analysis of the effects of a
project on the income distribution to take account of the equity objective.
Finally, the logical framework of benefit-cost analysis is develpped and
it is indicated how this technique can select from among several alter-
natives, those which advance society most substantially towards its goal(s).

! The development of the full multiple-objective project evaluation

framework is found in Chapter 6, Section 6.3.
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Throughout, some attention is devoted to describing the limitations
of benefit-cost analysis as well as its strengths. The purpose in high-
lighting these limitations is that, hopefully, decision-makers and
analysts will recall these and keep the quantitative aspects of benefit-
cost analysis in perspective with other, difficult-to-quantify decision
¢riteria of interest to society.

1.1 Benefit-Cost and Policy Analysis

Benefit-cost analysis is a technique for comparing alternative
investment opportunities. It provides for the logically consistent
organization of information in such a fashion that decision-making is
facilitated. As shall be shown, benefit-cost analysis has {ts roots in
economics and it should therefore not be surprising that a substantial
portion of the basis for comparison is eccnomic in nature.

Two ideas which follow from the above paragraph and which warrant
development are:

(i} benefit-cost analysis is technique which compares
alternatives;

{11} the broadened and broadening scope of benefit-cost
analysis as viewed by the economist.

Taking (i) first, it is important to recognize that the demonstration

that a particular project is socially profitable on the basis of some
criterion is necessary for the project to receive approval. But it does
not indicate that the project is mere profitable than some other project
or that it is the least-cost means of achieving the given objectives.

This raises the issue of the relevant range of alternatives. These topics
are dealt with in Sections 1.7 and 5.2.

As a result of the involvement of economists in the development
and application of benefit-cost analysis, the scope of the tachnique is
now broader in several respects. It is broader in the sense described
in (i) as well as in the types of programs to which it is applied.
Historically, benefit-cost analysis was appliied largely to the evaluation
of projects involving physical structures. More recently the same
techniques have been applied to health and human rescurce programs in the
public sector. Finally, benefit-cost analysis is broader in the sense
that it requires more than the ’'engineering economics' approach to which
it was traditionally put.



1.2

The Role of Economics in Public Policy Formation

has been referred to as that of 'social engineer'. The analogy is
instructive but should not be carried too far.

Page 3.

The economist's role in public policy formation and evaluation

In a democratic form of

government, the economist plays the role of advisor in public policy
matters.

1.

In this advising role, he may perform two functions:

Given an objective or set of objectives, the
economist possesses the expertise to suggest
~and evaluate the effectiveness of the alter-
native methods of achieving that objective.

On the basis of such analysis, the economist
may in certain circumstances, recommend one

of the alternatives as the best means of
achieving the objective(s). One of two
conditions must exist in order for the economist
to make such a recommendation,

a) There must be no income distributional
effects attendant on the policy change.
By this is meant that there must be no
changes in the proportion of society’s
total income received by any one group
of individuals which is caused by the
policy change; or,

b) If there are such changes as in a) above,
the economist may still recommend a best
policy if he is given information as to
the society's desired income distribution.

However, in most instances, changes in governmental

economic policy involve changes in income distri-
bution and since the politician is unlikely to
inform the economist precisely as to the society’'s
desired income distribution, final decisions as

to the course of action to be adopted must rest
with the politician. However, the economist can
analyze the pre- and post-project income distri-

butions and thus indicata the income distributional

impact of the project(s).

Alternatively, given a policy decision, the
economist possesses an analytical framework
capable of examining the impacts of that policy
on a particular pelicy cbjective or the whole
array of policy objectives which society adopts.
It is assumed here that the policy maker has
suggested the form altarnatives are to take and
selects those to be subject to further analysis.
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Not all economists concerned with publi¢ poiicy formulation
would soreadily accept this characterization of their role. It has
been suggested that there are practical reasons for a broader working
framework for economists. To quote one of the primary exponents cf
this view, "allowing that the economist is both competent and honest,
and produces a detailed iist of all the 'economic' implications of
each of the several policies under consideration, it is sure to
baffle the ordinary politician. The economist can confidently
anticipate a request that he, the economist, somehow ‘organise' the
raw data; that he provide some method by which the large variety of
consequences expected from each policy be weighted in some way so
as to enable the politjcian to compare the overall merits of the
alternative policies."!

The crucial point of contention hinges on the phrase "....
consequences fraom 2ach policy be weighted in some way....". For
consaguences which flow through the market place there is a weight
which may be attached, i.e., the market price. For consequences
which do not enter a market (the classical example is pollution),
no market price exists, In addition, both marketed and non-marketed
consequences may affect the relative distribution of income among
individuals in society. If these income distributional changes are
not to be accepted with equanimity, weights must be attached to the
one dollar of income 'taken' from one individual and 'given' to
another. Finding methods of putting a price on non-marketed con-
sequences js a matter of technique and work is under way in the
economics profession toward filling the presently existing gaps.
However, putting weights upon the value of changes in the relative
income distribution is not, as suggested above, a matter of technique
but one of social philosophy over which the economist possesses no
expertise or control beyond that of any ather citizen. Thus, the
more confined role of economics in policy formation is preferred.
The evaluation principles and guidelines which follow are based upen
this view of the role of economics.

Even within this confined role, our view is that economics has

much to contribute to policy analysis and to the process of enhancement

of social well-being. This dces not require the economist to be
concerned with society's ethics. Rather, he attempts to do value free
analysis, Teaving an interpretation of society's ethics to pelitical
decision-makers.

1 Mishan, E.J., Cost-Benefit Analysis: An Informal Introduction.

London: Allen and Unwin, 1671

L3
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1.3 The Social Accounting Framework

1.3.1 The Pareto Criterion

The economics of the public sector operates on the general
presumption that the ultimate aim of public policy is the maximization
of social well-being. This general policy goal as stated is extiremely
vague and must be specified more precisely before it can have any
operational meaning. Economists have devised the concept of a social
welfare function which is simply a formalization of the factors which
are thought to be important in describing the level of social well-being
and changes in the level. In attempting to specify more precisely the
components of the social welfare function, the economist encounters a
fundamental difficulty. There is no clear social consensus as %0 what
constitutes social well-being or social welfare and hence as to what
elements should enter into the determination of public policy. Economic
theory is of litt1e‘help in solving this dilemma. The approach adopted by
welfare economics' is to avoid this impasse and specify a fundamental
proposition which is likely to receive social consensus. This proposition
is called the Pareto Criterion (after the 19th Century economist who first
stated it). The Pareto Criterion holds that a situation A is superior
to a situation B if in A each member of society is at least as well off
as he was in B and at least one member is better off in A than in B.
Thus, without specifying precisely what constitutes social welfare, it
is now possible by this criterion to identify various social orderings
as superior or inferior. The Pareto Critericn is the heart of welfare
economics and consequently is central to the economics of public policy.

But the Pareto Criterion does not include concern for the initial
distribution of income. It applies as well to one initial distribution
of income as to another. Thus, consider an economy in which 10% of the
people receive 90% of the income. This economy can, by applying the
Pareto Criterion, identify one policy as being superior to another if
everyone is at least as well off with a particular policy and one indivi-
dual is better off than with its alternative(s). On the other hand, an
economy in which income is more evenly distributed, with 10% of the people
receiving 10% of the income, 20% of the people receiving 20% of the
income, and so on, can just as usefully apply the Pareto Criterion.

1 Welfare economics is that branch of economic inquiry which ceneerns
itsalf with the conditions under which the economy achieves its maximum
potential as measured by the variables and parameters of the social welfare
function. Traditionally, per capita consumption and the degree of equality
of the income distribution have been thought to be of great importance.
More recently, other factors would be added to the social welfare function.
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Sinca the Pareto Criterion deals solely with economic efficiency,
the formal structure of welfare economics cannot incorporate income
distributional effects. Yet if the society is concerned with its income
distribution, it is quite possible for social welfare to be enhanced
simply by a redistributicn. Therefore, for a society concernad about
being 'bLetter off' in the efficiency (Paretian sense) and also concerned
about the distribution of income, the Pareto Criterion yields an incomplete
decision-making rule. Ways and means must be found to shore up the Pareto
Criterion since frequently, changes in the income distributiop are an
important, if not the most important aspect of public policy.! Regional
development programs provide a contemporary example. The presumption is
that by government actions, incentives may be created producing a stimulus
to development in a particular region, thereby bringing about a relative
change in the income distribution. Alternatively, development may be
explicitly rechanneled from one region to another, again, with the same
presumed effect. Without becoming involved in a discussion of the diffi-
culties of measuring the resulting income changes, it is quite clear that
the Pareto Criterion will not provide a full measure of the effects of
these actions without some subsidiary rule defining the relationship
between incomes in each of the two regions.

1.3.2 The Compensation Principle

To further operationalize the Pareto Criterion, economists have
applied the following reasoning. Any public action, say an investment
project, may have both desirable and undesirable effects on individual
members of society. Those who gain from the project receive a net benefit
which may be represented in money terms by the maximum amount they would
be willing to pay to have the project go forward. Those who Tose by the
project suffer a cost which may be represented by the minimum compensation

1 . . . <. . .
This point is taken up again In the discussion of compensation in chapter
6. There,-an operat1ona] method of incorporating income distributional
considerations in the 'social weifare function' is developed.

2

Compens§t§oq in this context is not to be confused with the more general
lay definition gf compensation, meaning simply a payment or remuneration.
Here, compensation means a specific 'notional’ payment whose amount is

given by the equivalent or compensating variation whichever is appropriate

in the circumstances.
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they would require to make them indifferent if the project were w0 proceed.T
Allowing ourselves the momentary luxury of assuming that the society is
capable of making transfers of income among its individuals in a cost-less
manner, the Pareto Criterion may be generalized into the Compensation
Principle which underiies all benefit-cost analysis. The Principle holds
that a policy should be implemented if and only if the individuais who
gain by the policy can fully compensate (via notigonal income transfers)
the individuals who lose as a result of the policy and still have some
excess net gain remaining. This c¢riterion also holds that the notional
transfers do not actually have to be made in order to establish =he
superiority of situation A over B.2

1.3.3 Units of Measurement

While we now possess a criterion by which public palicies may be
ranked according to their social profitability, we still require units
of measure and a framework for measurement of social profitability. As
an extension of the proposition that the end of all economic activity is
consumption, we measure the social profitability of policies in ierms of
additional consumption opportunities they provide which would no= be
available if the policy were not implemented. Consumption is broadly
defined to include both consumption of goods and of services. According
to this definition, white-water canceing qualifies just as much as does
devouring a thick, juicy steak or dropping a gquarter in the Tocal bus
fare box. These additional consumption opportunities are measured in
dollar terms, of course, and in the context of the social accounting
system are normally viewed as 'benefits'. These additional consumption

1 There is a rather complex technical-issue involved here to which we

refer but will not develop. The issue involves the appropriaie measure
of loss of the ‘victim' of a project and the non-neutrality o* legal
liability on the evaluation of adverse impacts of a project. The result
has been stated: preper evaluation requires comparison of 'compensating
variations' irrespective of the type of law actually operative. Compen-
sating variation is that value which leaves the 'victim' as well off

with the project as he would have been without it. For a full discussion
of this issue the reader is referred to E£.J. Mishan, Cost-Benefit
Analysis, Chapters i8-21.

It has been shown that this 'Kaldor-Hicks Criterion' is not always
internally consistent. In spite of this problem, benefit-cosn analyses
proceed, presumably on the assumpticn that one can conduct the analysis
as_if the efficiency-distribution dichotomy was valid. We adopt this
convention but explicitly incorporate distributional considerations.
See Chapter 6 for detail.
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opportunities are sometimes referred to as 'efficiency effects’ or
'allocative effects' which connotas the impression that the economy has
improved its productive capability such that more consumption may now be
obtained than could be had in the absence of the policy. Care must be
exercised in the determination of the efficiency effects of a palicy
decision for it is easy to confuse these effects with distributive effects,
f.e., changes in the distribution of income (consumption).

1.4 The Market System and Public Policy

1.4.1 The Properly Functioning Market

Under normal circumstances society relies on the private market
system to provide the broad array of goods and services we wish o consume,
The relative social value of these goods and services is defined by the process of
purchase and sale in the market place if the market is workina properly.

A properly functioning market is defined by a variety of technical con-
ditions relating to the number of buyers and sellers in a market (there
should be 'many'), the degree of effect over price of any of the buyers

or sellers (there should be none) and the adequacy of the market participants'
information (it should be perfect). In some instances, markets approximate
these conditions sufficiently well such that no cause for interruption is
found. However, in other instances this is not the case with the result
that the social and private value of goods or services will diverge.

This divergence establishes the basis for market intervention in the form
of public sector economic policy. This policy may take the form of public
provision of goods and services or laws and regulations which govern the

- private production and marketing of goods and services. The divergence
between private and social values may occur under two additional sets of
circumstances. Some goods or services, due to their intrinsic character,
do not lend themselves fo private production because they cannot be packaged
and sold separately to individuals whose consumption of the good or service
reduces the total amount available for consumption. These goods and
services are variously referred to as 'non-exclusive', 'collective con-
sumption' or 'public' goods. Classic examples of this type of good or
service. are lighthouses, national defense, administration of justice, etc.
These goods and services must be collectively produced by governmental
organizations.

Finally, market failure can result simply from the physical inter-
relatedness of the economy as it carries out its production and consumption
activities. Thesa processes of production and consumption frequently
produce ‘goods’ or 'bads’ which are not accounted for and are not inter-
nalized as costs or benefits by those who cause their production. The
public awareness of the pervasiveness of this market failure is so acute
that to amplify this idea is to belabor the obvious. Nevertheless, an
example might be useful. Consider airline companies who are not required
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to pay the individuals who live in the proximity of the airport a price
for the disturbance airpianes cause. Due to this, airlines' costs of
production are {artificially) lower than they 'should' be; consequently,
as a society, we consume 'too much' air travel (assuming an increase in
airline ticket prices would cause a decline in consumption of air travel).
Presumably a reordering of decision factors which forced airlines to
recognize and pay for the 'bads' they produce would cause a new balance to
be struck with less airport noise, less air travel and more contented
residents.

In the cases of goods and services for which private and social
costs diverge due to inadegquacies or shortcomings in the market system,
as described above, economics is in principle capable of discovering
methods of measuring the benefits and costs involved and combining them
into a framework useful for policy decision-making.

1.4.2 Non-Market Activities

As we have seen, the market sometimes provides approximately correct
relativ2 monetary values for goods and services of a particular type. With
occasional necessary adjustments, these values may be used directly in a
benefit-cost study. For non-marketed goods and services {or 'bads’ ‘and
'disservices') things are not quite so simple. To return to the earlier
airline example, in order to evaluate the decision as to whether an airport
expansion is warranted, it is necessary to know the 'cost' of increased
noise and air pollution inflicted on the local residents in addition to
construction costs and service value provided by the expanded facility.

The added pollution is definitely tangible to the victims, yet the
associated cost is not refiected in a market price.

Correspondingly, when the government makes a decision to c¢reate
an ecological reserve, it must know the value of all the activities the
reserve will support. Many of these activities may be noticnal; for
example, the value a person derives from retaining the option to visit
the reserve even though he has not visited it in the past. Clearly,
these values are difficult to measure but they are not in principle
impossible to measure. As shall be shown in the following chapter,
activities whose value was considered immeasurable only a few years ago
are now capable of acceptable approximation by several methods.

There are two points of importance here and we shall state them
for emphasis.

i} The terms tangible and intangible have no
meaning with reference to the quantifiability
in principle of the value of activities.
tverything of worth has an economic value which
is, measurable at least conceptually.
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ii} That it is so difficult as to be impossible
to measure the value of some activities does
not signal a failure of benefit-cost analysis.
Rather, the shortcomings lie in our present
measurement methods which are subject to devel-
opment. The logical framework of benefit-cost
analysis is fully capable of including all values
whether marketed or non-marketed.

1.5 The Distribution af Income

1.5.1 Current Distribution Versus Distribution Qver Time

The basis for society's concern for income distribution may bte
developed in the following way. It is assumed that society’s ultimate
objective is a high standard of living (maximum social welfare). The
standard of living is provided through consumptian of goods and services
{consumption is the end of all economic activity). A first approximation
measure of the standard of living is per capita consumption. Since
consumption occurs through time, consumption now and consumption next year
are competitive. Since any span of time may be divided into many periods,
consumption per capita in each of these periods is competitive with
consumption per capita in all future periods. By its policies, government
may increase one or more of the levels of consumption per capita in any
time period but only at the expense of reducing the level of consumption
per capita in one or more other periods. But if consumption per capita
is steadily rising through time, people in the future will have a higher
standard of living. Following this reasoning, there need be less concern
on the part of government for raising future levels of consumption per
capita than in raising current levels of consumption per captia.

If the consumption per capita to be enjoyed by future members of
the society is given less importance due to the fact that they are
generally better off (per capita consumption is rising on a trend line),
then logically it must be true that the consumption of the worse-off
individuals of comtemporary society must be of greater importance than
that of the better-off members.

A method of reflecting the relative impertance of the present
and future generation's income is to discount the income received by
future generations. Thus, in evaluating projects or decisions which
have effects on future incomes, future income is reduced by a factor

1 Little, I.M.D. and James A. Mirrlees, Manual of Industrial Project

Analysis in Developing Countries, Volume [, Social Cost-genetit
Anaiysis, OECD, Paris, 1969. Little and Mirriess deveiop this idea
more tormally.

i
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which becomes larger as the futurity of incomes becomes greater. The
rate used to calculate this factor has appropriately been termed

the social rate of discount. Considerably more discussion on this issue
will be found in Chapter 4.

1.5.2 Equity and Efficiency

It was indicated in a previous section that the Compensation
Principle yielded no information concerning the distributional impacts
of public policy decisions. If society is not indifferent to the distri-
bution of income the Compensation Principle cannot be used alone as a social
investment criterion. It must be supplemented by reference to and analysis
of the distributional ramifications of decisions. Thus, it is possible
that a project which satisfies the Compensation Principle may be socially
undesirable due to adverse effects on the income distribution. Conversely,
a project may be socially desirable if it has beneficial effects on the
income distribution even though it fails the Compensation Principle test.

This brings us back to the question of the proper function of econoric
analysis of public policy. It is impossible for the economist to resolve
this dilemma unless he receives instructicns from society (through elected
representatives) as to the relative importance it places on the consumption
of different income classes. Only in the very rare coincidental instance
in which two or more alternative policies have the same impacts on the
income distribution, will it be possible for the economist to make a policy
;ecommendation without further information on the desired income distri-

ution.

Thus, we arrive at the conclusion that policy decisions tased on
the Compensation Principle will be conditional on a review and decision
concerning the effects of the policy on the income distribution. This
of course implies that information on the distributional effects of policies
will be obtained and that it can be put into a format which will facilitate
decision-making. Methods for performing this task will be discussed in
Chapter 6.

Before leaving this topic, one final important thought is in order.
If policies are judged solely on the basis of distributive criteria, the
result may be that a number of socially profitable policies {judged on the
basis of the Compensation Principle) are not carried out. The result is
a sacrifice of potential real fncome. Since other methods of adjusting
the distribution of income are available, it may be well to start with
the goal of developing an efficient resource allocation system,
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1.6 Benefit-Cost and Policy Analysis Again

As has been seen, through a public investment program, the govern-
ment is able to affect society's consumption per capita. I[n addition,
the distribution of consumption among different classes of individuals
may also be affected by the government's investment program. This may
result from the type of project which the government selects (capital or
labor intensive) or the placement of the project within one region as
opposed to some other. Benefit-cost analysis is the analytical framework
employed to determine whether projects or policies are in society's
interests as determined by the Compensation Principle. It is an appli-
cation of the welfare economic framework described above.

Benefit-cost analysis is not a new technique and was not originated
by economists. Economists have become interested within the past twenty
to twenty-five years as fnterest in public investment decision criterfa
has grown. A rather vast and growing body of theoretical and applied
literature is evidence of this interest. As a result of this involvement,
the technique is markedly different from its previocus character. It
continues to evolve. Historically, benefit-cost analysis exemplified a
narrower focus centering mainly on project justification. To economists,
benefit-cost analysis is much broader in scope, having its groundings in
welfare economics as has been described above. In this document, the .
term benefit-cost analysis carries the broader connotation. Appropriately,
it is sometimes referred to as social benefit-cost analysis.

1.7 The Analytical Procedure

As it has been recast by economists, benefit-cost analysis is a
ccggarative tachnique. This view of the technique is of utmost importance
and 1t cannot be stressed encugh. The excess of social benefits over social
costs or a benefit-cost ratic greater than 1.0 is a necessary but not
sufficient condition for projects to pass the efficiency test. The above
conditions define a socially profitable project but do not insure that the
project represents the least cost means of achieving the stated objectives.
This latter condition can be met only by a thorough review and comparison of
alternatives.

. In a decentralised decision-making structure such as we have in
the Province of British Columbia, each department or agency receives a
budget allocation. These funds represent the maximum amount which may
be expended by the department and therefore represent a constraint on the
size of project or projects which may be undertaken.

The department may be searching for the 'best' way to achieve a
goal which is set by statute, agreement, regulation or accepted policy.
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Benefit-cost studies should contain assurances that other alternatives
to the project lic beyond the Timits of such statute or policy. The
implication of these comments is that a benefit-cost study should begin
with a description of the purposes and anticipated benefits of the
project as well as a documented des¢ription of the constraints on the
department beyond which better alternatives may not be sought.1

Thus, for most departments or agencies, the task of making a
good benefit-cost analysis is one of determining the correct range of
alternatives and comparing them. It is not concerned merely with con-
verting a technical or scientific feasibility report on a project into
benefit-cost jargon but with looking beyond such reports so,as to ensure
that all relevant alternatives do not yield a better course of action.
The onus for creating the atmosphere in which this type of searcn may take
place must fall upon the decision-maker. Frequently, the benefit-cost
stage of departmental analysis should result in the commissioning of
technical studies of other alternatives, (or in conferring with other
branches, departments and levels of government) about alternative ways
of spending the same budget, achieving the same purpose or even constructing
the same type of project.

The consideration of a broad range of aiternatives should result
simply from the structure of the Envircnment and Land Use Committee.
This is a vehicle which is designed specifically for the consideration
of problems in an extra-departmental context. The employment of this.
forum can go a long way towards focusing decision-makers' attention
on the important issues.

Stemming from work done by A.D. Scott and W.R.D. Sewell on the
use of benefit-cost analysis in Canadian Federal Government
agencies. :



CHAPTER 2

EVALUATION OF THE STARDARD PROJECT

2.1 Introduction

This chapter contains a portion of the detailed evaluation
principles and gquidelines proposed for adoption and use by the
Environment and Land Use Lommittze.

Chapter 2 begins with a consideration of the procedures for
evaluating what is defined as the 'standard oroject'. We first define
the standard project and then develop the principles and guidelines
associated with evaluating the social benefits and costs of a project
meeting *nis definition. There follow sections in which we continu-
ously relax the assumptions used to define the standard project and
show how relaxing the assumptions affects the evaluation principles
and guidelines. This procedure is carried out first for the benefit
side and secondly for the cost side.

2.2 Evaluation of the Standard Project

2.2.1 Definition of the Standard Project

This section is devoted to a presentation of the principles
involved in the evaluation of what shall be referred to as the standard
project. The standard project is defined by a series of assumptions
which are set out below. These assumptions may appear as rather confining
at first blush. Nevertheless, constraining the field of view for the
present time will prove to be beneficial in highlighting the funcamental
principles involved in project evaluation. Having once developed these
principles and measurement procedures, we will then proceed to drop the
assumptions and extend the analysis so as to deal with more difficult,
albeit more 'realistic' situations.

The standard project is defined as one which exhibits the following
characteristics,

i. There exists a single objective (j.e., added
consumption opportunities with consumption
being viewed in a broad context as described
in Chapter 1)}.
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A1l benefits and costs of the standard project
are defined in relation to this objective.

For present discussion of the standard project,
we assume that the distribution of the added
consumption opportunities among regions ar
individuals may be_handled by means other than
project selection. !

! The economist's concern for 'non-efficiency’ objectives will be dis-

cussed in a later chapter. The implication of assumption i. is that
allocation effects and distributional effects of a policy may be analyzed
separately. Generally, projects are evaluated by viewing the state
of the economy 'with' and 'without' the project. This procedure is
based on the assumpticn that market prices are an adequate reflection
of the social value of the outputs generated and the inputs consumed
by the project. Market prices are, however, dependent upon the
initial (pre-project) distribution of income, If the initial income
distribution is not 'correct' (i.e., the one desired by society)} then
the resultant market prices are not 'correct'. Some economists would
therefore conclude that market values may be inappropriate measures
of social value since a different { 'more equitable') income distri-
bution would result in a different set of market clearing prices.

. While it is acknowledged that this is the case, our positicn for the
moment is that this is not a problem of the analytical structure of
benefit-cost analysis nor of the adoption of the allocative criterion,
but of the market system itself, If income distribution is a concern
to be included in project selection, it is the distributional impact
of the project itself which must be measured and asc¢ribed to the
project. For this purpose, the pre-project income distribution may
be accepted as given. Thus, if some individuals or groups of indi-
viduals are thought to be more deserving than others, the relative

. deservingness of these groups should be made explicit prior to the
project analvsis and decisien-making. On the problem of a strictly
distributional goal see page 10 of Chapter 1. Additionally, there is
evidence indicating that some types of public Erojects do in fact
redistribute income to low income individuals.

Haveman, R.H. and J.V. Krutilla, Unemployment, Idle Capacity, and
the Evaluation of Public Expenditures: HNational and Regional Analysis.
Johns Hopkins Press, Baltimore, Maryland, (968, p. 89.
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ii. A1l benefits and costs of the project are
quantifiable in commensurate dollar terms.

iii.  The economy is fully employed.

iv. The price of each factor of production is regarded
as an adequate reflection of the marginal sacial
value of the factor.

v. There are no spillover effects of the projects.

vi. The projects under evaluation are not mutually
exclusive in the physical sense. An example of two mut-
vally exclusive projects would be the construction of 2
natural gas pipeline having a variety of possible
diameters. Each is a different project, yet only
one may be installed. The analytical problem in
this situation is two-fold - whether a pipeline shouid
be laid or not and if so what should be the appropriate
size. This is a matter quite different from that of
e.g., selecting the appropriate means for developing
a region or river basin.

vii. The projects are not interdependent in the physical
or economic sense, This means that the projects to
be evaluated are separate entities and that there
are no price or cost interdependencies nor any
factors of production which would be used in one
as well as the other project.

viii. The method of financing the prcject has no impact on
its relative desirability.

2.2.2 Identification of the Referent Group

In spite of the arbitrariness with which political jurisdictions
are drawn, for purposes of implementing the allocative rule {Pareto
Criterion) the appropriate referent group is the political jurisdiction
of the relevant decision-making body. [n the benefit-cost literature
this is normaily assumed to be the national political forum. Thus, any
individual within the boundaries of this jurisdiction who receives gain
or suffers loss as the result of a project would have such benefit or
cost included in the project evaluation. Although universalists may not
be in agreement with this approach, concern is normally not voiced for
extra-frontier project impacts, beneficial or adverse.
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In the regional (provincial) context of concern to the B.C. Govern-
ment, the appropriate refarent group is the provincial populace. Bringing
the nationai analogy down to the regional level in this manner-will not
Tikely cause much mischief, There mav, however, be praojects in which
extra-provincial project impacts should be recognized. Such projects
will likely be obvious and identifiable by their scope and/or lgocation
anq may provide opportunities for co-operative ventures,

Sub-provincial referent group definitions may be of interest for
purposes of regional develocment schemes, Uithin the assumptions
defining the standard project (esp., the single objective assumption)},
sub-provincial referent group definitions may be implementad only by
precise specification by political decision-makers of the relative worth of
additional income in the two (or more) ragions., Granted, this is a rather
demanding requirement but, in the context of the Pareto ¢riterion, is the only
means of evaluating a sub-provincial development scheme.

Therefore, several levels of analysis wiil be required. In
the first instance, the analysis should procsed con the basis of the
national referent group definition. That is, benefits and costs of the
project should be accumulated irrespective of the provincial political
Jurisdiction in which they occur. Following this, regional analysis
may be undertaken in order to accumuiate the benefits and costs from
the viewpoint of the Province of British Columbia. If the regional
income specification condition stated above is met, the project may then
be evaluated from the viewpoint of particular regions within the province.

For many public expenditures, this may not be so involved as it
appears. The impacts of most projects undertaken by the British Columbia
government will likely eccur primarily within the borders of the province.
Thus, the national and provincial benefits and costs will be equivalent,
no separate analysis being required.

In preparing the project appraisal, the analyst may reduce the
effort required to prepare this information by breaking down by geographic
area the benefit and cost estimates constructad at each stage of the
analysis, The various referent group benefit-cost analyses may then be
developed simply by bringing together the relevant benefit and cost estimates.

GUIDELINE:

The provineial refernent agroup definition should guide the
aceumulation o4 benefit and costl esatimates jor public profects. However,
national and sub-provincial refernent group defdnitions snould also be
used n the appropriafe clweumsiances as deladlled above.

1 In Chapter VI the problem of mulitiple objective benefit-cost analysis is

considered.
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2.2.3 Accounting for Project Benefits

2.2.3.1 The Benefit Measurement Principle [:
Final Goods and Services

The reader should review assumptions i, ii, iv and vi at this
time. The benefits of a project are defined as the value of increased
output (over and above what would be available without the project) of
goods and services which the project makes possible. The appropriate
point for measurement of these increased outputs is at the final consumer
level (recall the discussion in Chapter 1 regarding the ultimate end of
economic activity).

In economics, the value of a good or service is measured by the
willingness of an individual to pay for it. The representation of an
individual's willingness-to-pay is the familiar demand curve indicating
the gquantities of a good demanded at differing price levels. In a market,
the sum of all individual demand curves for the good or service is the
market demand curve. Thus, in benefit-cost analysis, the gross value of
increased outputs of goods or services is measured by the willingness to
pay on the part of project beneficiaries as a whole for additional units
of output.] Mote that willingness-to-pay presumes the existence of an
effective demand for the project output, While it may not always (or
even frequently) be possible to estimate this quantity directly, all
me?surement techniques are designed toc obtain an adequate proxy for this
value,

L Clarification of some technical points may prove useful at this stage.

Alfred Marshall's concept of consumer's surplus was defined such that
it contained an implied constraint on the quantity purchased. To
Marshall, consumer's surplus was that quantity an individual would be
willing to pay over and above what he actually had to pay, rather than
go without the good in question. Hicks Tater recognized that an indi-
vidual required to pay the full willingness to pay for a good would be
unwilling to consume the same quantity as he would consume if he paid
the (lower) market price. The income effect of paying (the full con-
sumer's surplus) for the privilege of consuming a2 good reduces the
individual's real income such that he wouild be unwilling to purchase
the same quantity as before having to pay for the privilege. This led
Hicks to define the compensating variation and equivalent variation,
Compensating variation is that amount an individual would have to pay
(or receive, depending upon the circumstances) after the occurrence of
an economic event such that he is in the same welfare position as
before the event, Equivalent variation is the amount an individual
would have to pay (or receive) to leave him in the same welfare position

if the economic event in question did not take place. In benefit-cnst

analysis, compensating variations are the quantities we attempt to measure.

Fer a detailed but lucid explanation of these issues, as well as an

explanation of how the area under the demand curve.above the price line
approximates consumer's surplus (compensating variation}, see £.J. Mishan.
Cost-Benefit Analysis, pp. 325-338.
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Assuming a non-zero price and the usual relationship of gquantity
demanded to price, willingness-to-pay is measured by the market value (price
x quantity purchased) of the additional goods or services produced, plus the
consumer's surplus associated with an increment to output. In the form of
g ?iag;am, willingness-to-pay may be measured as an area. ({See figure 2-1

elow.

The diagram indicates that prior to the installation of the public oroject
in question, quantity Q7 of the qood was demanded at & price Py. The addition
to supply caused by the public project reduces the price to Py at which price
Q> is demanded. The market value of the increased quantity consumed is
approximated by the area of the darkened rectangle; that is, PZ times Qo minus
Q7. The change in the total market value of consumption of this product as a
result of the supply increase is the area of the rectangle 0Py AQq minus the
area of the rectangle OP; CQp. The amount of consumer's surp1us associated
with this increased consumption is equal to the area of the cross-hatched
triangle. The total area of the rectangle plus the area of the triangle is
the value which a perfectly discriminating monopolist could realize. A
perfectly discriminating monopolist is able to charge a different price to
each consumer. The value of consumption of the product in this market after
the supply increase is the area of the trapezoid OBCOp. QPy CQ2 is the amount
of money changing hands and P28C is the value of consumer's surplus derived
by consumption of quantity Qp. Together these areas measure consumer's
aggregate willingness-to-pay. Finally, the area of the trapezoid QjACQy is the
value attributed to the increased consumption Q; Q1 for purposes of the project
in question.

it A& FIGURE 2-1
Price {8
P1 A DEMAND CURVE
R, (WILLINGNESS-TQ-PAY)
L'!..":‘,!
Pz e — . . C
__.___L_] Quantity demanded

0 Q Qy " per unit time

A good or service not supplied previous to the public project with
an estimated demand curve as shown in figure 2-1 and to be sold at price
Py has a value given by the area of the rectangle 0Py AQy plus the area of
the triangle above this rectangle PyBA,

For goods and services which are publicly provided free of direct
charge, the entire area of the triangle under the demand curve is consumer's
surplus and is the gross value of the good or service to be included in a
benefit-cost analysis,
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GUIDELINE:

willingness ~to-pay L8 the general gross benefit measurement
prineiple.

2,2.3.2 Measurement of Willingness to Pay .in Practice

2.2.3.2.1 Direct Estimation: Final Consumer
Goods and Services ‘

The analyst may encounter one of the following situations when
attempting to estimate the benefits of a project.

i. The demand curve for the project output is known
or roughly determinable throuah standard demand
curve estimation methods.

ii. The market demand curve is not known and cannot be
directly determined by any presently availabie
method,

For situations in which the demand curve is known or can he
determined, willingness-to-pay may be estimated directly from the demand
curve, Having estimated willingness-to-pay, the analyst is able to make
an estimate of the potential decline in market price of the good or service
resulting from the addition in supply caused by the new project. If the
price decline is expected to be small, the pre-project market price may
be used to evaiuate the project's benefits. In this case, there will be
little additional consumer's surplus. On the other hand, if market orice
is expected to decline significantly, the price to be used for valuation
purposes is that price approximatealy midway between the pre- and post-
project market prices. This price will serve as an adequate proxy for
measurement of the willingness-to-pay for the additional units of output.
Clearly, direct estimation of the demand curve in the above fashion is
most likely to be successful in evaluation of final consumer goods and
services.

Where a market determined demand curve does not exist or cannot be
estimated directly from market information, special methods may be
applied to indirectly estimate willingness to pay. For some types of
non-marketed activities, acceptable metheds of indirect demand curve
estimation are available while, for others, no presently known methods

exist, The valuation of non-marketed activities is discussed in qreater
detail in Section 2.2.6.1.2.
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In British Columbia, cases will arise in which the price of a
good or service supplied by a public or quasi-public organization is
avajlable but it cannot be said to be a competitive or market determined
price which adjusts to market supply and demand factors. In the planning
period for this type of organization, capacity is normally adjusted to
meet some projected future level of demand or demand aqrowth at the present
price level and structure. Additions to capacity are likely to have no effect
on the price of the good ar service no matter how large the additional capacity
is in relation to the capacity in place., The unit value of the good or
service should be measured by the supply price “for the good or service.
The gross value for benefit-cost analysis is aporoximated by the nroduct
of the supply price and ?he number of units forecast to be consumed in
each future time period.

The consequence of non-equilibrium prices is the occurrence of excess
demand or excess supply. This detracts from the social value of the product
or service; accordingly, the cost of congestion in the former case or idle
capacity in the latter must be accounted for in the project evaluation.

We shall have more to say on this subject at a later stace, particularly
when we discuss the interconnection between pricing and evaluation.

GUIDELINE:

Where information and data allow, the value of 4inal consumen
goods on services should be measured by the market value plus consumer's
surplus for a market priced goed. Fon goods or services not subjeet Lo
purchase and sale in a market, some means of imputing a witlingness-to-
pay 4¢1naqa4nad The methods of dimpuiation are condidered in section

2.6.1.2

2.2.3.3 The Benefit Measurement Principle 11: Economic Rent

Economic rent generated by the construction and operation of a
project should be included among the benefits of the project. The precise
meaning of the term economic rent will become clear as we discuss the two
instances in which economic rent is generated. These two are distinguished
from a third case often mistakenly thought to be included in the econcmic
rent cancept,

9

Given the supply curve of a factor of production, it is assumed that
‘that it is upward sloping with respect to price; i.e., the factor reguires
a higher payment for more of it to be emp1oyed in a particular use, The
area above this curve and belew the price line (see figure 2-2) may be

taken as a measure of the economic rent earned by the inframarginal un1ts
of the factor. In figure 2-2, S is the supply curve of the factor and P

1

When comparing saveral alternative means of supplying a homogeneous output,
a preferable method is to adopt the 'cost of the next best alternative' as
a means of establishing the value of benefits for each alternative. This
avoids the problem of non-competitive orices being used to evaluate the
output as suggested above. This method is elaborated in Section 2.2.3.4.
found ¢on page 23.
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its supply price. The shaded area between the price line and the suppoly
curve is a value known as economic rent. At all points on the supply
curve between the origin, 0 and S (e.g., Sp) the factors are being paid
more than the minimum they would be wiliing to accept and still be
employed in this use. llotice how the concept and measure of economic
rent is symmetrical with that of consumer's surplus,

An increase in the demand curve for this factor (caused by the project
in question) will result in an increase in the economic rent earned by all
the inframarginal units. This is shown in Figure 2-2 as a movement to the
northeast along the supply curve. The additional rent earned is given by the
area of the trapezoid above the original rent triangle. This is the value
which would be included as a benefit of a project which led to ar increase
in demand of Sg Sy for this factor.

Unit FIGURE 2-2
Price Supply curve of
" a productive factor
Y

P -

{/}/

Quantity supplied

0 ‘Sﬁ "SO ] per unit time

In two circumsfances, this analysis may be applied to the supply
curve of a firm or industry.

j. Ricardian rent: this is the classic case of
rent accruing to a fixed factor of production
(say, hydroelectric sites) to which is applied
variable factors (labor, capital) whose prices
remain unchanged. The suppiy curve for the product
of this production process (electricity) rises
simply because good sites are limited in supply.
As demand for electricity rises, successively
poorer quality sites are brought into production.
But these poorer quality sites are higher in cost.
These higher cost sites determine the marqin;
meanwhile, the better quality sites earn rent,
j.e. receive a payment greater than that required.
Reinterpreting figure 2-2, the supply curve now
becomes that of electricity with the shaded area
interpreted as economic rent accruina tg the
owners of the fixed factors. Ricardian rent
accrues in both the short- and long-term,
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ii. Quasi-rent: Productive factors which are fixed
n supply in the short-run but whose supply mav be augmented
in the long-run are capable of earning a quasi-
rent due to the short-run fixity of supply of the
factor, Thus, capital becomes similar in nature
to Tand and the short-run supply curve for this
factor is upward sloping. Reinterpreting figure
2-2, the shaded area is rent earned by a resource
fixed in the short-run.

To be distinguished from the above cases of rising industry or
firm short-run supnly curves is the rise in the long-peried industry
supply curve caused by the imperfect substitutability of the variable
inputs between industries. The result here is a change in the relative
prices of the variable factors in different industries. The long period
supply curve is a sort of average curve and no welfare significance can
be attached to the area ahove R

2.2.3.4 Measurement of Economic Rent in Practice

2.2,.3.4.1 Direct Estimation: Intermediate
Goods and Services

For project outputs which are intermediate goods, the increase in
" net income of producers who use the project ocutput as an input acts as

a proxy measure aof the value of that outpyt. As we noted above, such an
increase will show up as an increase in the area above the product or
service supply curve and below the price line. In like fashion, a public
investment which, within a short period, decreases the variable costs of
a firm or industry, will generate additicnal quasi-rents which are also
counted as benefits of the project.

It is clear that by recommending'the use of net income increase as
a benefit measure, we are presuming that either the product supply curve
is known (or can be estimated) or knowledge of the pre-project net income
of the affected firms s available and the impact of the project on net
income can be estimated., Generally, cost or supply curves can be more
readily estimated than can demand curves if the information is made avail-
able. Firms are normally knowledgable of their cost structure. Whether
this cost or net income information will be disclosed to the nroject
analyst is a problem which must be anticipated separately in all project
evaluations.

! For a more detailed analysis see E.J. Mishan, Cost-Benefit Analysis,

pp. 48-57 or any introductory microecgnomics textbook.
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Aside from the disclosure problem, use of net income increase as
a benefit measure is not without its difficulties as has been indicated
by Cicchetti, Davis, et al.l Private firms producing a good or service
would normally make investments through internally generated funds or
through debt financing, these capital funds bearing interest at the
market rate (the market rate of interest can be thought of as the
opportunity cost of internally generated funds for a private concern).
If the public project displaces a. private project which would have
been undertaken at private initiative, and if private producers do not
pay the full market value for the public project output, a subsidy to
private oroducers will have occurred {and their incomes will have
increased). Including the increased net incomes as part of the benefits
of the project is incorrect in this instance, since the net incomes in
fact constitute a redistribution (from the general public to the
producers in question). This problem dces not invalidate the usefulness
of the net income increase as a measure of value added, but it does
highlight the need for cauticn when employing this measure.

GUIDELINE:
lse the net Ltcome L{ncrease Lo estimate the economic rent

generated by a public profect {n cases in which Lt L8 approprinte, as
outlined above. : '

2.2.3.5 The Benefit Measurement Principle [II

Two circumstances may arise in which a third alternative method
of gross benefit estimation may be necessary. The two circumstances are:

i. When the output of the public project is a
homogeneous good (such as water, electricity),
individuals are unconcerned as to its source
or the precise production technology employed,
and where there are several alternative pro-
duction technologies available;

iq. If, for some reason (lack of information and/or
data), benefit estimation by either of the
above two methods is considered infeasible.

1
Cicchetti, Charles J., et al., "Benefits or Costs? An Assessment of
the Hater Resources Council's Proposed Principles and Standards"”,
Department of Geography and Environmental Engineering. Baltimore:
The Johns Hopkins University, 1972.

2

Note that benefit measurement principles [ and II are additive if both
N given circumstances whereas principle III is alternative to both [ aﬁgc?;
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In the above circumstances, a final benefit measurement method is to
value the ben?fits of the proposed project at what the most likely alter-
native method' of providing the same good or service would cost the
beneficiaries of the propesed public project.

Just as with the net fncome methed, ;here are problems associated
with employing the ‘most likely alternative methed,

i. It must somehow be established that society
values the project by an amount which is at
least as great as the cost of constructing g it.

ii. If condition i. is met, the 'most likely
alternative' method provides, at best, a
minimum estimate of the actual social value
of the project.

iig. In some instances it cannot be determined
in advance whether the most likely alternative
will in fact be carried out if the primary
project is not,

For public projects which supply a non-homogeneous product or
service, the above problems could be guite serious. However, it appears
that one characteristic of publicly provided goods and services is that
they are frequently homogenecus, e.g., electricity, urban transportation
and so forth. For the homogeneous good case, the 'most likely alternative’
method actually turns out to be the correct procedure. The nature of
the homogeneous good case renders ii. above non-problematical. Condition
i. still requires satisfaction. This focuses attention on demand esti-
mation and forecasting. The satisfaction of condition i. in the case
of homogeneous goods implies that {ii. will 1ike1y not be a problem. One
or the other of the alternatives will be put in nlace. It is likely
;hgt this method will see frequent use in public project evaluations in

2.2.4 Accounting for Project Casts

2.2.4.1 The Principles of Project Costing

The reader should review assumotions i, iv, v, vi and vii
for the remainder of this section, In a fully employed economy, productive
resources must be diverted from alternative uses in order to generate the total

] Steiner, P.0., "The Roles of Alternative Cost in Rroject Design and

Selection”, in Allen V., Kneese and Stephen L. Smith, eds., Water
Research (Baitwmore The Johns Hopkins Press, 1966)
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benefits associated with the proposed project. The value of these
productive resources to society is the output value they would have
produced if they had remained in their previous use. Thus, the value of
these divertad resources which must be ascribed to the propcsed project
is the sacrifice of output necessitated bv the resources having moved

to a new employment., Basically, costs are attributable to doing one
thing rather than another and stem from the foregone opportunities that
have to be sacrificed in doing that one thing. The cost of picking
apples can be thought of as the sacrificed amount of peaches that could
have been harvested with the same time and effort. The cost of a power
project is Tikewise the sacrifice of doing something else with the same
compiement of productive resources. This sacrifice of the opportunity
to do something else is called, for obvious reasons, 'opportunity cost'.
The value of the 'opportunity to do something else' appropriate in
reckoning the opportunity cost of resources in one particular use, is,
specifically, the sacrificed value inherent in the best alternative
resource use,

Under the conditions established by the standard project assumptions.
It may be asserted that the market value of the goods and services used in project
construction, operation and maintenance rapresents the cost to society
of generating the project's gross benefits.' Specifically, these costs
are those of land, labor, capital and management expertise used in
construction, operation and maintenance of the facility. Under <the
assumptions employed in this section these costs are referred to as social
costs.

2.2.4.2 Measurement of Project Costs in Practice

The social costs of a project are of two types:

i. Qutlays for labor, materials, capital and
management expertise,

ii.  The net value of foregone oppartunities
associated with committing land and related
resources to one use as opposed to some other.

! A full appreciation of the correctness of this assertion requires some

knowledge of the economics of the individual economic agents in society
{consumers, producers, government) and how they are interlocked through
the general equilibrium of the economic system. A full development of
this theory is far bevond the scope of this document. A dood text in
intermediate microeconomics will suffice to provide the necessary back-
ground for the interested reader,
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In the simplified world in which we are presently dealing, market
prices of inputs approximate their soc¢ial costs. For the first type,
wage rates for labor of each type employed and the actual material
costs should be used in building up the cost estimates, The cost of
capital is represented by its opportunity cost, i.e., what it could
earn in alternative employments. Again, in the simplified economy
we're dealing with, a market rate of interest is an appropriate measure
of the cost of capital (recall that we are assuming that the method of
financing the project has no impact on its acceptability). Chapter 4
deals with a determination of the appropriate rate of discount for
projects in British Columbia.

The type ii. project cost is more subtle and more difficult to
evaluate. Some resources have the capability of yielding a service
flow over time in one of a variety of different forms. A given parcel
of land can support forests, agriculture, recreation or housing. In
many cases it may be possible for land to support a variety of such
activities in tandem. But when taking a decision as to whether to
‘dedicate’, say, currently forested land to agriculture, the net
service flow the land would generate in its present forested state must
be reckoned as a cost of conversion to agriculture. This is plain
enough, The difficulty lies in the fact that there are always a variety
of options available with respect to the use of any resource, This
being the case, it is necessary to evaluate the various combinations of
resource usas. While this is not conceptually difficult, it does
require a certain amount of information and computation. Nevertheless,
to properly reckon the full social costs and benefits of a policy action
and to be certain that a given action is socially most profitable, this
procedure must be followed.

GUIDELINE:

The oppontunity costs 0§ resources used Lo produce the project
oulpul are measurned by their marnkel values. For Labor and malenials,
actual cost L8 wused. For capital, a marhet rate of internest approxd-
mates Lts oppontunity cosl sufficiently well. For commitment of Land
20 a panticulan udse, the value oﬁ the sernvice {Low faom Lts nexi
best aliemnative use represents Lis opportunity cosZ. Note:  the
Lowm Land is used broadly 2o include afl resounces appurlenant Lo Lt
as well as the surface and sub-sunjace ated,

2.2.5 Summary of the Foregoing

The previous discussion of benefit and cost evaluation may be
sumarized more formally in the following manner,
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When the goal is to maximize the net benefits of a public
investment (or alternatively to maximize the efficiency of a public
investment), it is important to account all opportunity costs in atl
sectors of the relevant econory. The objective function then has the
following form:! .

1,27 ﬁg =Gy - (8 - Cah}

N

- ‘{(B = C)2 = (Ba - Ca)z} “)

Where Y is to be maximized and represents the difference in net
benefits between a palicy X (X =1, 2, 3...n) and the best alternative
use of the same resource base. Policy 1 might represent the use of a
river for power purposes, Policy 2, the enhancement of the same river's
anadromous fish runs and so on. With n policy options to choose from,
ail have to be compared with each other., The efficient policy choice

- that which maximizes net income - is the one which renders Y positive.

The objective functicn contains the following variables:

(B - C), The present value of net benefits {gross benefits
minus gross costs) of power development on the river,

(Ba - Ca)I The opportunity costs (i.e. the value of the net
benefits foreqone) of net investing in the next
best alternative power source.

(B - C)Z The present value of net benefits (gross benefits
minus gross costs) of fish enhancement on the river.

(Ba - Ca)Z The opportunity cost {i.e. the value of the net
benefits foregone} of not investing in the next

best alternative fish source.

Consideration must be given to all public and private proje:zts which
form part of orare induced by each development alternative.

For a more complete analysis, see Peter 0. Steiner, "Choosing Among
Alternative Investments in the Water Resource Field", A.E.R., Yol.
49, 1959, .Also Martin §. Feldstein, "Qpportunity Cost Calculations
in Cost-Benefit Analysis", Public Finance, Voi. XIX, 1964,
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The meaning of the first part of equation (1),

c.) (1a)

(B ~C)y - (B, = C )

should now be clear, It represents the net present value of power
development minus the opportunity costs in all sectors of the relevant
economy, other than the opportunity costs represented by fish enhance-
ment in the second part of equation (1),

(8 - Cly - (8, = C,)a (1b)

The second half of equatfcn (1) can be interpreted in exactly the same
way. It represents another alternative utilization of the same resourcea
base. To repeat, with n patterns of resource utilization to choose
from, the efficient policy choice is the one.which renders Y in equation
(1) positive,

2.2.6 Comn1fcating Factors

2.2.6.1 The Benefit Side

In order to discuss the basic concepts involved in evaluating
benefits and costs of a project (willingness to pay, economic rent and
opportunity cost, respectively) we have purposely been dealing in a
world simpliified by the assumptions defining the standard project.
However, within this restricted context, we have suqgested means of
adequately approximating willingness to pay, economic rent and cpportunity
¢ost on the basis of information which is Tikely to exist in a variety
of actual situations. It is now appropriate to recognize that ali
project benefits may not be amenable to straightforward evaluation by
one of the three methods suggested above. In order to explore the full
range of benefit measurement problems, the analyst might conceivably
encounter, we therefore drop assumptions ii. and v. and now admit the
possibility of project benefits whose value is not determined by normal
market relationships. These non-marketed benefits include:

-= production efficiencies enjoyed by firms related
to firms who are direct beneficiaries of the pro-
posed project - the so-called technological external
econgmies.,

-= the value of goods and services provided by
government free of direct charge.
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2.2.6.1.1 Technological External Economies

Increased output on the part of firms directly affected by the
installation of the project may result in the adoption of more effi-
cient productive processes by firms reltated to the direct project
beneficiaries. The result may be either:

i. increased output on the part of the related firms,

ii. & reduction in the quantity of input resources
required to maintain the pre-project Tevel of output,

Quite clearly, technological external economies may create a
ripple of induced economic activity when the project output is used in
whole or in part as an intermediate good or service., The net-value of
this additional activity should properiy be included among the benefits
of the project. The value of such technological external economies
should be measured by the net income increase of the firms related to
the direct project beneficiaries. In practice, measurement of the
net income increase may be difficult due to paucity of information or
simply to the proprietary nature of this type of information. Never-
theless, in situations in which production efficiencies are expected
to take place and particularly where these are thought to be signifi-
cant, the analyst should make an attempt to estimate the net income
increase of related firms,

GUIDELINE:

Technological external economdies are measured by the net income
inerease of f4ums nelated fo dineet project beneficiaries,

2.2.6.1.2 Other Non-Marketed Benafits

Frequently, the output of projects in the public sector is provided
free ¢f direct charge to the user of the good or service. A well-known
contemporary example of this situation is the provision of recreaiion
services either directly through a system of provincial, regional
district and municipal parks or indirectly as a by-product of public
projects designed to serve other purposes, e.q., a storage reservoir
behind a hydroelectric generating facility. It is now commonplace to
find dollar value estimates of recreation benefits stemming from such a
project inciuded along with the valuation of electric power and
other marketed benefits. Of course, recreation benefits are not the
only type of non-priced user benefit resulting from public investments,
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Other projects whose benefits are frequently unmarketed and unpriced
directly to the user are urban and rural flood contrai, construction

of new highways, upgrading of existing highways, sewage disposal systems,
many municipal water supply systems, and so forth.

For several reasons we have chosen to discuss the methodology of
valuation of recreation benefits at some length in this set of guidelines.
The types of public investment projects to which the evaluation gquidelines
proposed hersin will be applied, will fraquently involve either
the provision or preclusion {or both) of recreation resources whose
value may be significant. This is particularly important in view of
the allegedly changing status of natural amenities and gutdocor recreation vis
vis manufactured goods and services!. It will therefore be important
for project analysts to understand the methodology invelved, along
with its conceptual and practical limitations,

Recreation evaluation has been discussed in the economics .
literature for a number of years, yet its study is still very much
in its infancy and the methods of application relatively undeveloped.
The result is a varjety of valuation techniques which, if applied to
a particular resource, could produce rather widely divergent values,
Finally, while valuatien of some of the other types of benefits of
public investments mentioned above c¢an present probliems, on the whole
the methodology is more generally accepted than that applying to
recreation valuation. The discussion begins with an identification
of the compenents of the value of a recreational resource.

(a) Components of the Value of a Recreational Resource

A recreational resource possesses three distinct value components
- exchange valwe, option value and existence or preservation value. The
latter two components have only recently been formally distinguished.
Exchange value is that value which results from direct consumption of
the service by present users. [t corresponds to the area beneath the
demand curve as described in section 2.2.3. This area represents the users'
willingness=to-pay for the service. Option value is that value which
risk averse? individuals who are uncertain future demanders of the
service are willing to pay to retain the aption of consuming the services
in the future. Existence value represents that amount which individuals
who are certain not to use the rescurce in the future are willing to pay
simply to retain the knowledge that the resource is ‘still there' or tg

Krutilla, John R., "Conservation Reconsidered”, American Economic
Review. Vol. L, No. 4.

Individuals willing to pay a small certain sum (2 premium) in order
to avoid a relatively large uncertain future loss.



Page 31.

bequeath the resource to future generations. In attempting to measure
the value of a recreational resource it is desirable, of course, to
use methods which enable the analyst to capture in full the associated
values. We turn now to a brief review of the methods presently used
to evaluate the various components of a recreational resource.

{b} Indirect Methods: Travel Cost and
Transfer Cost

Demand scheduies for recreational experiences have been derived
from variations in travel cost and the associatad observed variations
in visit rates. This approach treats demand for recreation resources
in the same manner in which demand for other goods and services is
treated, i.e., the consumer is assumed to be rational, balancing
marginal satisfaction against marginal cost., Accordingly, it is
assumed that one may impute willingness to pay from indirect evidence
on observed behaviour, in this case, the consumer's willingness to
incur travel cost,

Application of the indirect technigue requires a significant
amount of data on recreationists' incomes, distances travelled, travel
cost, number of individuals in the party, etc. The approach genarally
is to stratify a sample of the user population according to distance
from the recreational opportunity, income, family size, etc., Zones
are established by inscribing concentric circles around the recreation
resource. Zonal participation rates are then related to travel cost.
One may then pradict the participation rate for any population group
from the observed participation rate of similar populations with travel
costs equal to those of the group in question plus a toll. By applying
these participation rates at various levels of toll Co the number in
each population group and aggregating for all groups, a demand curve
results, This curve might apear as in figure 2-3 below.

Travel Cost Per
Cay Plus Toll

0 Total Recreation -
Days Per Annum

FIGURE 2-3
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The annual value generated by the recreational resource is represented
by the area of the triangle inscribed by the demand curve, assuming
that no toll or price is charged. The total value of the rescurce to
be included in a benefit-cost study would be the sum of these annual
values compounded to some future year at the social opportunity cost
rate of discount.!

A variation on this general theme was employed by a group of
researchers in Oregon who postulated that the costs of participating
in a sport fishery (transfer costs) varied directly with distances frem
the fishery. This postulate was based on the observation that distant
anglers usually rented motels, ate in restaurants and chartered boats
while local anglers did not. Thus, a relation between variable cost
per day and angler days could be developed. From this relationship a
demand curve was constructed by posing the rhetorical question, "if one
increases costs by x for anglers, how many days wili those analers |
fish?" For each zone one then relates davs-fishina per angler (partici-
pation rate) in that zone (at various increased variable costs) to
total angler population in that zone. For all zones, total days of
fishing may then be assessed at various levels of additional costs. The
demand curve thus established would appear as in figure 2-4 below.

Increased Variable
Costs Per Day

—d Demand

5 Total Angler - Days
Per Annum

FIGURE 2-4

The annual value of the recreatiocnal resource is the area inscribed
by the damand curve. This corresponds to annual consumer surplus,
assuming no toll or fee is levied. The total value 6f the resource is
calculated in the same manner as described above.

! See Chapter 4 for further detail on the discount (compound) rate and

the compounding orocedure,
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A further variation on the travel cost method was develgped and
applied by Pearse] He grouped data according to the usual categories
and assumed that the individual within each income c¢lass who incurred
the largest travel costs was the marginal recreationist, i.e., received
no consumer's surplus. That is, benefit received ecualled tota!l cost
of consumption for this individual. A1 other individuals within that
income class were assumed to be intra-marginal recreationists who '
received a measure of consumer's surplus equal to the .difference between
their own travel costs and the travel costs of the marginal recreationist.
Summing this difference for all individuals in each income class and all
income cltasses resulted in an aggregate demand curve for the recreational
resource.

In application of any of the above indirect methcds, it has been
shiown in the literature that efficiency in estimation and specification
of demand can be improved if data from individual observaticns i3 used
rather than basing analysis on averaaes. Also travel cost shaquld be
defingd so as to include the opportunity cost of the recreationist's
time.

The indirect methods briefly described (variations on the Hotelling-
Clawson-Knetschmethod) abgve are subject to a number of limitaticns which
we list below,

i. The indirect methods produce an evaluation of the
‘total recreational experience' rzther than
(necessarily) the recreaticnal resource itself,
Thus, if individuals derive any utility en route
‘to the resource (including the trip itself), the
indirect methods will overstate the value of the
resource.

ii. The indirect methods do not reflect the value of
income sacrificed by individuals who accept a
lower income in order to live cicser to the
recreation resourca.

jii. Land values may be higher in the vicinity of the
resource, thus partially offsetting the under-
evaluation caused by ii. above.

Pearse, P H., "A New Approach To The Evaluation of Mon-Priced
Recreational Resources", Land Economics. February 1968, pp. 87-99,

Brown, William, A.K. Singh and Jack A, Richards. "Influence of
Improved Estimating Technique on Predicted Met Lconomic Yalues
for Salmon and Steelhead", Oregon State University, Department of
Agricultural Economics, 1972 (mimeo}.
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iv. Tastes may differ from one-distance zone to
another reflecting a non-standard market
situation faced by recreationists,

y. For more distant recreationists, there may exist
-a different range of substitute recreation
opportunities which constitutes an additional
factor contributing to non-comparable market
situations,

vi. A consistent relationship between travel cost
and distance is difficult to establish due to
the existence of a variety of modes of travel
and the effect of time constraints on the choice
of mode.

vii. Purchase of durable goods may be a substituts for
variable trip expenses. Theoretically, a cost
allocation should be made so as to reflect a
portion of the user cost of such items along with
travel cost estimates. This would be difficult
in practice.

(c) Direct Methods: User Opinion Questionnaires

A different approach to evaluation of recreation activities is
to directly ask recreationists a series of evaluation questions. Given
proper phrasing of the questions and assuming that respondents understand
the questions and will answer honestly, estimates of value can be
obtained, The questions must spnecify the recreational activity, the
time and place of the activity and any other variables necessary to
fully inform the respondent. Generally, on-site interviews are thought
to be less hypothetical than off-site and, other things equal, should
result in more accurate responses. The emphasis in application of this
technique should be placed on development of an unbiased questionnaire
and interview procedure, A series of cross referencing questions can
and should be devised so as to check the consistency of the responses of
the interviewee,

a

Two basic evaluation questions require answers. One is the willing-
ness to pay question, i.e., what is the largest amount you would be
willing to pay to....(specification of activity, time, place, etc,)?

The other question involves asking the respondent how much he would have
to be paid to give up his right to engage in a certain activity in a
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certain place at a specified time, etc. Answers to the two questions
should differ., The willingness-to-pay question presumes the continued
existence of the resource while the latter (the bribe question) presumes

that the respondent will give up his ‘'right' to use the resource. lhich
question is appropriate for evajuation will be a matter Tor giscussion

below.

The direct technique is also subject to a number of limitations.

ii.

The most obvious and well-known shortcoming of the
direct questioning technique is the potential for
hypothetical questions to result in hypothetical
responses, This difficulty may be compounded by the
motivations the respondent ascribes to the interviewer,
If the respondent feels that his response will be
used as a basis to set charges, nrices or tolls,

he is likely to respond with a low estimate of
value. Conversely, if he perceives that the
continued existence of a recreation resource is

in jeopardy, he may respond with a high estimate

of value. This problem can be mitigated most
effectively by checking estimates generated by

this technique with estimates derived by one of

the indirect methods.

Another significant problem with the questionnaire
technique is that of substitutability and time

frame. A recreationist might put a lower value on
his opportunity to consume a particular set of
recreation services in a given location this year
because he is aware that he can consume a similar
set of services this year in another area. Thus,

his response to an evaluation question on each of
these substitute areas separately would not in

total be the same as his responsz to an evaluation
question regarding what bribe he would accept to
give up all his recreational opportunities this

year, The time frame of 2 bribe evaluation guestion
should be similar to the period over which the
evajuation will take place, Thus, a yearly value
obtained from a bribe evaluation question regarding
recreation this year cannot reasonably be capitalized
over many years., Yet if recreationists are faced
with a bribe question regarding rights to use a
recreation area for, say, fifty years or in perpetuity,
their answers are likely to be extremely hvpothetical
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since it is likely to be difficult for recreation-
ists to relate to this lengthy time span. Also,
inclusion of a time frame in the question may reveal
to the respondent the motivation for attempts to
evaluate a particular recreational resourca.

{d) Standard Yalues Per Recreation Day

The Water Resources Council in the United States has adopted the
convention of specifying a range of recreation day values to be used in
the evaluation of water resource projects. Two separate ranges were
recommended, one reflecting a range of values for general recreation,
the other a range to measure the value of specialized re¢reation. This
approach to recreation resource evaluation has been criticized on a
number of grounds. The criticisms boil down to the fact that the
specified ranges do not allow adequate recognition of the influence of
the availability of substitute recreation resources on the value of the
resource in question. The standard values account for direct use only
and make no allowance for potentially significant option value and
existence value. Additionally, the use of standard values may impede
the development of more satisfactory methods of recreation resource
evaluation.

ﬁg) Establishing Guidelines for Recreation Evaluation

The project analvst may be faced with one of two general problems
when evajuating recreation resources.

i. An ekisting recreational resource must be evaluated
so that its value may be compared with that of a
competitive use of the existing resource base,

ii. Resources having a variety of alternative uses are to
be diverted from those uses in order to provide new
recreational opportunities (possibly as joint products
with outputs of other goods or services). This
situation includes the evaluation of a marginal
in¢rease in the quality of & resource; e.g., expendi-
tures undertaken to improve the quality of an existing
hunting or fishing opportunity. .

The appropriate valuation technique to apply will depend upon which of
these twe general problems characterizes the case at npand.
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Yhile none of the techniques reviewed above was found to be
entirely satisfactory, in order for benefits of recreational resources
to be included in project evaluations, some method must be employed.
For purposes of recreation evaluation in British Columbia, we recommend
the following procedure, Where the appropriate measure of consumer
surplus is given by willingness-to-pay (compensating variation) a
variant of the travel cost method should be employed. 'hen using these
techniques, consideration should be given to inclusion of an allowance
for the opportunitv cost of the recreationist's time. Above all, the
methodoloay, sources of data and assumptions shouid be fully and ¢learly
documented so that the procedure followed is clear to the reader of
the study. It is recognized that the indirect methods establish a
compensating variation measure of consumer surplus and that this is
the appropriate measure for case ii.

For case 1, compensating varfation {is also the proper measure but
must be estimated firom the standpoint of a change in the law of liability
which views the recreaticonist as having rights to the resource. These
rights mwst be 'purchased' by the proponents of alternative land use
ontions. In case 1 circumstances, the travel cost variants produce a
minimum estimate of the value of the recreation services. Thus, the
direct question method is conceotually superior in these instances.
However, caution must be exercised s¢ as to avoid, to as great an extent
as possible, the weaknesses of the direct question method. Additionally,
the analyst should avoid the temptation to 'justify' a high value for
‘defensive' strategies. The role of the econcmist is to uncover, to the
best of his ability, the facts concerning resource allocation decisions.

We have reached a hiatus in our discussion of recreation resource
evaluation., The appropriateness of the conceptual value measured by a
direct technique has been established for case i valuation probleus.

Yet it is with some trepidation that the Working Group on Benefit-Cost
Analysis finds the direct method acceptable. Clearly none of the
recreation resource evaluation methods is above criticism. Mevertheless,
it is argued that it is Tess likely for the analyst to steer too wide of
the mark when employing a travel cost method. Behind this is the 'gut'
feeling that to err on the conservative side is somehow a good thing.

O0f more concern to the Working Group than the theoretical superiority of
one method over the other is the manner in which either method 1is

applied to particular cases. Thus, while both methods are acceptable

in principle, the Werking Group will judge the merits of each application
in relation to the method of application. )

Here again the issue of legal 1iability arises. However, in many
'development versus preservation’ cases, the land or related
resource is publicly owned and it is correct to view the valuaszion
question in this light, It would be entirely inappropriate to ask
the owners of a resource what they would be willing to pay to retain
it in a particular state. For more on this see E.J. Mishan, Cost-
Benefit Analysis, Chapters 18-21.
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GUIDELINE:

Forn evaluation of neereational resources, elthen the direct or
indineet methed may be emploved as warranided by the circumsiances of
each case. Care rusi be exercised i documentation 04 Sources and
assumpiions. Each application will have L0 sfand on Lts merdits
aind i Lhis respect, a well-readoned and well~documented analysdis
stands a greater chance of general acceplance. UWhere information,
data and/on sunding are in shont supply, application of standard values
per recneation day 48 accepiadle.

(f) Option Yalue

Forecasting the future value of output streams must concern itself
with changes in technology, employment, tastes and income. The future
value of all these variables is uncertain. When uncartainty in future
demand caused by the above is possible, Weisbrod' has pointed out that
an additional value, namely option value, must be considered when three
conditions hold:

1) if there are individuals who are uncertain about
future demand for the commodity or service in
question, or who are infrequent consumers. Among
these are some who will never use the service.

2) if the future supply of the commodity or service is
in doubt in the sense that if a decision is made to
curtajl supply, re-establishing it would be very
costly or even technically impossible.

3) if there is no practical way for resource owners
providing the service in question to collect the
option value because exclusion {i.e., inability to
identify all who would benefit from assured
availability and to exclude same for failure to
pay the premiums) is not possible.

The discussion following Weisbrod's conception of option value has
centered around the questions:

1 Burton A. Heisbrod, "Collactive Consumption Services of Individual

Consumption Goods", 0.J.E., Vol. 78, 1964, op. 471-477.
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1)  What is the relationship between expectad consumer
surplus and option value?!

2) Is option value over and above expected consumsr
surplus any more than just a premium for risk?

3}  Can such risk be pooled?3

4) If so, is it necessary for public investments to
make any adjustment for option value?4

The latest word on these issues has been provided in the recent
articles by Arrow and Lind, and Arrow and Fisher., Corresponding to
the questions above, we have the following tentative answers. C(ption
value exists over and above expected consumer's surplus under conditions
of risk aversion. wWhether risk aversion should be taken intc account
in public decision-making or not depends on whether the risks irvolved
can be pooled. (A discussion of risk and uncertainty is taken up in
greater detail in chapter 3). This in turn depends on the
distribution of benefits and costs. If benefits and costs are widely
distributed, no risk premiums should be allowed for. Given that
pooling is possible, however, a kind of risk-aversicn premium can still
be justified if irreversible decisions are involved. A fairly voluminous
literature would seem to boil down to the following: "The. expected
benefits of an irreversible decision should be adjusted to reflect the
loss of option it entails".S The key here is the distinction between
reversible and irreversible changes in the environment. Arrow and
Fisher provide the following advice to policy-makers:

“If we are uncertain about the payoff to invest-
ment in development, we should err on the side

Millard F. Long, "Collective Consumption Services of Individual
Consumption Goods: Comment", Q.J.E., Vol. 81, 1967, pp. 351-382.
Cotton M. Lindsay, "Option Demand and Consumer'’s Surplus", Q.J.E.,
VYol. 83, 1969, pp. 344-246. D.R. Bverlee, "Option Demand and
Consumer's Surplus: Comment”, Q.J.E., Vol. 385, 1971, pp. 523-527.

Charles J. Cicchetti and Myrick Freeman [II, "Option Demand and Con-
sumer's Surplus: Further Comment", Q.J.E. VYol. 85, 1971, pp. 528-539,

Kenneth J, Arrow and Robert C. Lind, "Uncertainty and the Evaluation
of Public Investment Jecisions", A.E.R., Vol. 60,-1970, pp. 364-378.

Kenneth J. Arrow and Anthony C. Fisher, op. cit,

Arrow and Fisher, ibid., p. 319,
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of under-investment, rather than over-investment,
since develooment is irreversible, Given an
ability to learn from experience, under-investment
c¢an be remedied before the second period, whereas
mistaken over-investment cannot, the consequences
persisting in effect for all time".!

The analysis of {rreversible development has received growing
attention in the literature. Where environmental losses are envisaged,
irreversibility in itseif produces a bias against development, The
introduction of uncertainty and the idea that new information will be
forthcoming in the future, leads to a further bias. However, the
admission of option value has yet to be made quantifiable in any non-
controversial fashion,

GUIDELINE:
Inasmuch as option value cannot be measured in any non-controversdial

fashion, its use in a benefit-cosi study L8 precluded. Qualitative
statements will have 2o sujidice.

{g) Existence Value

A related category of non-user benefit has been referred to as
existence value. This value accrues to individuals who, while they do
not directly participate in using the recreational resource, receive
benefit from the simple knowledge that a particular resource has been
preserved against development., This value is said to accrue in spite
of the certain knowladge on the part of these individuals that they will
never use the resource. 'Bequest motivation', i.e., the desire to
preserve ‘natural areas' for future generations is seen as part of
existence value. '

GUIDELINE:

Like option value, existence value has not presently proven Lo
be measurable {n any non-controversdal gasinion., Thus, Lthere Ls no means
0f Lncluding L€ amang the efjiciency effects of the project evaluation,

Arrow and Fisher, ibid., p. 317.
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2.2.6,2 The Cost Side

Negative spillover effects (i.e., extra-market effects resulting
from the project which nevertheless impinge on other sectors of the
economy) may be broadly classified into two categories,

i. spillover effects impinging on firms' production
processes.,

ii.  spiliover effects impinging on individuals'
consumption processes.

UTtimately, of course, category i effects work their way through the
interconnected economy and affect final consumption processes of indi-
viduals., The dichotomy also breaks down for spiliover effects which
simultaneously affect production and consumption activities. Neverthe-
less, for purposes of discussion (and for measurement too, as wa shall
see), the categorization is useful.

2.2.6.2.1 Indirect Production Inefficiencies - Technological
External Diseconomies

Technological external diseconomies are those non-market affects
which cause firms related to other firms directly affected by the
project to be less efficient (and therafore presumably produce less
output). Several examples should suffice to convey the idea. Consider
a pulp and paper mill proposed to be constructed upstream of a hottled
water plant and in the same airshed as an historic and fashionable
resort hotel. If the paper mill is constructed, the bottled water plant
may be required to install new distillation equipment in order tc handle
the now larger quantities of residue., In addition, the equipment may
viear out more rapidly or become fouled more frequently, or both, All
these factors serve t¢ increase the costs of the water plant. Whether
these increased costs cause the water plant to change its position on
its cost curve (as would be the case in perfect competition) or cause
it to raise the price of the output (as it probably would assuming some
form of imperfect market structure), the result is the same - increased
unit prices for bottled water along with decreased production and
consumpticon of same.

Moving to the resort hotel, we find that the guest list is no
longer as full as it once was. Some of the 'old-timers’ continue to
make their annual visits. Perhaps they find the enjoyment of reminiscing
about fond memories sufficiently beneficial that it outweighs the dis-
benefit of the pervasive sulphur odor. But the younger people now take
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their holidays elsewhere, presumably preferring cleaner air. These two
examples provide rather abvious cases of production inefficiencies
inflicted by a project on other firms. Many disaconomies are much

more subtle, difficult to detect and measure. For example, the long-
term health effects of workers' exposure to chemicals and harmful agents
in their place of work.

Measurement of extarnal diseconomies is symmetric with the
measurement of extarnal economies. The net income decrease of the
firms suffering diseconomies should be taken as an approximation to
the decline in value added to the final value of consumer goods and
services.

The symmetry with external economies continues through to the
effect that changes in the price of cutput or gquantity of output may
have on firms related to those firms which suffer directly from a dis-
economy. Here aqain, net income de¢rease may be taken as a proxy for
the decline in value added to final consumer goods at this stage of
production,

It is again necessary to remind the reader of the earlier comments
concerning net income change as a measure of the social value of external
economies and diseconomies. Judament must be exercised in jts use to
ensure that it approximates reasonably accurately the value which it is
designed to approximate.

GUIDELINE:
Technological extewnal discecnomies ane measured by the decrease

An nel income of gimuns directly related Xo cither fiwms affected
by the projeckt.

2.2.6,2.2 External Diseconomies in Consumption

Just as it is possible for production srocesses to interact and
cause each other trouble, as was shown above, so also can production
processes interact with consumption processes, again causing difficulty.
Indeed, it is possible for consumption processes to interact with each
other as suburban Saturday evening barbequers are fully aware. However,
in this document we z2re most concerned with production/consumption inter-
actions since these are the normal results of development projects.

Quite unlike production extarnalities, most consumption diseconcmies
are notional and accordingly do not have a readily identifiable or
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measurable monetary counterpart. In our earlier pulp mill/hotel example,
the younger guests (we assumed) were induced to seek their holiday
enjoyment elsewhere, Other things equal, had they preferred to visit

the historic resort hotel, we must presume that a decline in economic
welfare has occurred. Similarly, with most adverse envirgnmental impacts
of this nature, we may presume they adversely affect individuals’
consumption satisfaction. However, since the declines in such satis-
faction are notional, measurement in a non-controversial fashion is
difficult. Again, it is necessary to refer the analyst to a later
section of the Guidelines in which section a satisfactory approach to handling
this difficulty is developed.

GUIDELIWE:

The value of consumption externalities cannot be estimatoed
dirnectly; such diseconomies cannoi therefore be {ncluded among the
efficiency effects of the project evaluation. Alternative methods of
handfing the problem will be consdidered in a Later chapten.
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CHAPTER 3

ADJUSTMENTS FQR INFLATION, RELATIVE
PRICE CHANGES, RISK AND UNCERTAINTY,
UNEMPLOYMENT AND MARKET IMPERFECTIONS

3.1 Introduction

This chapter deals largely with the subject of price imputation
which poses some very difficult jssues in project evaluation as is
evidenced by the array of subject-matter headings in the chapter title,
In some of these areas- there is more or less general agreement among
economists as to how to handle these problems conceptually., This is
true of inflation, relative price changes and, to some extent, unemploy-
ment and market imperfections.! In these instances, practical msans
of making the necessary adjustments are also available. In other areas,
e.g., risk and uncertainty, even a full explication of the theory is
lacking. Therefore, only a rough and ready handling can be recommended.

In bridging the gap between theory and application, the difficulty
in the former class of problems is that we quickly encounter that
ubiquitous problem in benefit-cost analysis - the measurement problem.
Unfortunately, that universal condition of economics - ceteris paribus
- is inoperative in most applied precblems and it is not possibie to
measure the effects of changes in a controlled, laboratory type experi-
ment. In most cases, we shall attempt fto meet the measurement problems
head-on by recommending methods of proceeding in spite of limited infor-
mation. Hopefully, near term developments in research will lead to
increasingly more satisfactory solutions to the measurement problems,
data gaps, etc.

3.2 Changes in the General Price Lavel

Project evaluation during periods of inflation is a relatively
contemporary area of concern since protracted periods of inflation are
new to the North American economic scene, During the 1850's and 1960's
when prices remained fairly stable, few economists bothered to cansider
how inflation would affect major project evaluation. (For example, in
January, 1960, the Vancouver Consumer Price [ndex had a value of 78.6
(1971 = 100) and in December, 1970, the value was 97.7, while ths
December, 1874, value had jumped markedly to 131.4).

1 Unemployment may be c¢lassed as a market imperfection. However, the
latter term as used here, refers to defacts in the industrial
structure of various markets.
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As it turds out, the only consideration one must give to evaluating
projects during inflation is to ensure that the prices used to evaluate
benefits and costs are stated on a basis consistent with that of the
discount rate employed to reduce time streams of net benefits to a
common point., As we shall discover immediately below, there are two
options to consider. Throughout the discussion it must be remembered
that inflation is defined as a change in the general level of prices.

The following section takes up the problem of the manner in which
relative price changes affect project evaluations,

Fortunately, much of this ground has been covered by Tecent
research published in the journal Water Resources Research.' The
technical details are developed there and we shall extract only that
necessary to develop the argument. The following symbols will be used
to portray the necessary relationships.?

db one current dollar at the beginning of the period

d current dollars at the end of the period such that a
representative individual {s indifferent between db
and de

e the amount of constant (inflation-free) dollars at
the end of the period such that in terms of purchasing
power a representative individual at the beginning of
the period would be indifferent betwaen db and Ce

R the inflation free rate of interest
t the nominal or money rate of interest

I the expected rate of price change.

1
Steve H. Hanke, Philip H. Corner and Paul Bugg, "Project Evaluation
During Inflation", Water Resources Research, Vol, 11, No. 4,
August 1975, p. 511,

2

Ibid., p. 511.
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In real terms, an individual would be indifferent between db and Ce
only with a premium of Rdb i.e.,

(1) ¢ _=4d

e b (1 +R)

In nominal (money) terms, currenf dollars at the period's end are
constant dollars at the end of the pericd mu1t1p11ed by one plus the rate
of inflation. Symboiically

(2) dg = G, (1 +1)

Beginning the period with d, current dollars, one would require current
doliars at the period's end as given by

7(3) de = db (1 +1t)
in order to be indifferent. Substituting (1} into (2) yields

(4) d (1 +R)(1 + I},

e db

By substituting (3) into (4), we have the relationship between nominal
interest rates, real interest rates and the rate of inflation as shown
below

(5) 1+t=0+R)(1+]1).
This simplifies to
(6) t=R + I +RI,

In most of the early benefit-cost literature it was thought that the

product RI was small, Indeed if I is 2% per year and R is 5% per year,
RI = 0.001, 2 rather small number. But with [ approximately 10% and R
also approximately 10%, RI = 0.01 not an inconsequential addition to t.

We may use equation (6) above to develop the two options for handling
inflation in benefit-cost analysis. Option (1} is tc calcualte the present
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value of net benefits by forecasting both prices and interest rates in
real terms, For option 1 we would employ equation (1) to find the
value of Co given the value of dy and the discount rate R. Option (2)
is to calcu]ate the present value of net benefits by forecasting both
prices and interest rates in nominal (current) terms. For this ootion
we would employ relation (4) to find the value in current dollars at
the end of the pericd, d_, given d,, the value at the beginning of the
period, the real rate of "discount, R and the anticipated rate of
inflation, I.

The two options will yield exactly the same result so long as both
prices and interest rates are projected on a consistent basis. This can
easily be seen by the following Togic. Option 1 uses the relation
Ca = dp (1 + R) and option 2 employs uhe re1at1on de = dy (1 +# R)(1 + I).
But from equation {2}, we know that d e {1+ I). Substituting this
into the option 2 relation yields Cg I + I) db (1 +R)(1 + I).
Cancelling the common (1 + I) tprms, we have Cq = dp (1 + R} which is
the option 1 relation.

In the chapter which follows, a social opportunity cost of capital based
on rate of discount is recommended for evaluating time streams of benefits
and costs. This rate of discountis a real rate.

For consistency in respect of the above discussions, we recommend
that the priceused in projecting benefits and costs of proJects be
forecast in real terms. This is the simplest procedure since it avoids
the problem of forecasting the rate of inflation and the rate of interest

over a long span of time.
GUIDELINE:

The overriding criterion gon dealing with general price changes in
profect evaluations 44 consistency in the handling of discount rates

and prices, For project evaluation in British Columbia, we recommend
that prices be forecast in real teams.

3.3, Changes in Relative Prices

Changes in the relative prices of the outputs of a project and/or
the inputs necessary to maintain and operate the facility can markedly
affect the economics of the project. For example, one suspects that the
new, higher prices of coal, heavy fuel oil and natural gas have sub-
stantially altered the relative costs of thermalelectric versus hydro-
electric generating facilities. Another example is the increased
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awareness of the value of environmental quality and the assets provided
by nature. This increased awareness can be expressed as a change in

the price (value) of natural amenities vis-a-vis produced goods and
services as has indeed been suggested and analyzed in some detail by
J.V. Krutilla, One suspects that some projects constructed in tke past
would not pass muster if contemporary prices and values were applied in
their evaluation. The point is that anticipation ¢f changes in relative
prices may be a vitally important part of project evaluation.

In any particular case, lack of knowledge of the future and general
paucity of information'wi11 hamper efforts to account explicitly for
relative price changes.' Nevertheless, awareness that substantial
shifts can take place as evidenced by recent experience should be a
lesson learned.

The suggested method of dealing with forecasting future relative
prices contains a number of steps, the first of which is a rough analysis
invelving a percentage breakdown of the contribution to total berefits
and costs of a project made by major category of benefits and costs,
assuming the structure of relative prices at the time of evaluation.
This will assist in isolation of major benefit and cost elements which
may be subject to change for the particular project under study. With
this information, the analyst must make a judgmental determinaticn of
the benefit and cost elements most 1ikely to change, if any. Having
segregated the major components subject to potential change, the analyst
must conduct a 'mini' bénefit-cost analysis to determine whether any of
the major components identified could experience a change in relative
price sufficient to have an effect on the conclusions of the project
evaluation. This could be accomplished by sensitivity analysis, i.e.,
constructing several scenarios of relative prices and running through
the project evaluation for each scenario separately. If a substantial
range of relative price scenarios are tried and conclusions on the
project(s) do not change, then the analyst is probably justified in
concluding directly that no further research into actual relative price
trends is justified. If the project rankings or evaluations are altered,
then it is 1ikely that some further research is required. The kind or
quality of research to conduct in these circumstances is really a matter
of degree,

The findl step in this process is to determine the appropriate
extent of the effort to put into obtaining additional information. The
'‘benefits' of additional information must be judged in light of the
sensitivity analysis conducted in step 2. The ‘costs' of the effort
may be judged in terms of staff time, computing time and delays in the
completion of the project evaluation,

] For a detailed discussion of the handling of risk and uncertainty

see the last section of this chapter,
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A discussion of the type of research to conduct has been purposely
omitted on the assumption that to have discussed this point may have
unnecessarily curtailed the ingenuity of the individual analyst. The
operating assumption is that anyone capable of conducting a proper
benefit-cost study along the lines recommended in these Guidelines will be
capable of conducting the appropriate type of price trend analysis in
given circumstances. The thrust of the discussion has rather been to
indicate the extreme importance ¢f relative price changes on projects
whose benefits and costs accrue over long spans of time and tg indicate
that more than prefunctory assumptions about relative prices is required
for a project evaluation to pass muster.

GUIDELINE:

Forecast future changes in relative prices must be Laken <nto
account in a oo feet analysis. Tha assumption that refative prices will
not change requites the demonstration that some analysis has preceded
TRy conclusdon, The conclusdon that relative price changes, 4§ they
occun, will not markedly affect the nanking of the project(s) on the
value of the invesdment eniferion for that projfect must be demonsiraled
through some type of sensilivity analysis as described above., Clearly,

this guideline applies o prices employed Lo caleulate boith benz@ata and co04Ls.

3.4 Unemployment and Excess Capacity

3.4.1 - Unemployment and Under-Employment of Labor

Under normal circumstances, we assume that market prices represent
the social value of the goods or services to which they attach This
was the operating assumption adopted in Chapter 2 when the ‘standard
project' was discussed, If unemployment or excess capacity exist and
if the idle resources are employed in the project under evaluation, the
social cost of the project is Tess than the amounts actually spent on
wages and raw materials, etc. This is the result of the application of
the concept of opportunity cost. I[f, in the absence of the project,
idle resources would have remained idle, producing nothing of value to
soc1etj, then society sacrifices no alternative goods or services by
using these idle resources in the construction, cperat1on and maintenance
of the project in question.

Consistent app1icat1on of the concept of opportunity cost requires
that recognition be g1ven to the possibility of idle resources being
drawn into production in the construction of a public project. Let us
be clear that the application of the concept of opportunity cost is the
rationale behind the argument in favor of ‘shadow pricing’.

e

L2t
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In the earlier days of the application of benefit-cost analysis to
public projects (early post-WW II era), shadow pricing of unemployed

or under-employed resources was justified on the basis that public
projects were countercyclical measures. Subsequent research and
thinking now tends to dewnplay this aspect. Frequently due to delays

in administrative decision-making and commencement of construction,
public projects may tend to aggravate rather than alleviate the business
cycle. Accordingly, public projects must be justified on other grounds.
Where persistent employment remains a problem and can be forecast to

be such in the absence of the project, a reduction of wages, salaries
and material costs should be made in order to account for the 'employ-
ment benefits', i.e., the lower social cost of constructing, c¢perating
and maintaining the facility with otherwise unemployed factor inputs.

Operationally, adjusting for unemployment is no simple task.
The adjustment of wages and salaries to reflect social cost carries all
the same difficulties as the forecasting of relative prices discussed
in an earlier section. In addition, there are new problems to resolve.
The major steps invelved in this analysis are as follows:

i. Segment manpower requirements into major
trades required for construction of the
project. :

ii.  Obtain provincial uneroloyment rates for
each of these trades.!

iif. Use unemployment rates as obtained in ii. above
to forecast unemploymant rates through the
construction period of the project. Here,
regression analysis would be preferred, but
presently the unemployment series referred to
above is of insufficient duration to support
this kind of analysis. The passage of time
will eliminate this problem.

iv. Use the unemployment rates as forecast in iii.
to determine the probabiiity of drawing an
unemployed worker into the construction of the
project. In one of the few empirical studies
on this topic, Haveman and Krutilla have

1 This data is available from the Unemployment Insurance Commission

offices in Vancouver. At the moment the program is being administered
by Bill Nellis. '
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postulated a relationship between the unemploy-
ment rate and the probability of hiring a worker
from the unemployed pooT.‘ In lieu of the
estimation of such a curve for Canada, the
Haveman and Krutilla curve should be used.

v. Apply sensitivity analysis to the forecast
unemployment rates to investigate the
sensitivity of results to changes in
unemployment rates.

For most major investment projects, the referent area for labor
inputs is the entire province., The sub-trade unemployment rates published
by the Unemployment Insurance Cemmission will therefore suffice. In the
event that a particular project draws from a more localized labor force
with an unemployment rate different from that for a given trade on a
province-wide basis, adjustments may be made to the probabilities which
make up the tabor response function, i.e., the relationship between
the unemployment rate and theprobability of drawing 2 laborer from the
unemployed pool, Such adjustments should be fully documented with
"sources of data and the rationale underlying the adjustments.

The existence of an unemplioyment insurance benefit scheme may
confuse the appropriate handling of unemployment in project evaluation.
Clarification is therefore warranted. Unemployment insurance benefits
are to be regarded as transfer payments from the working members of
society to the currently non-working. Such payments represent con-
sumption of part of the net social product by society's non-working
members, But the payments are not the unemploved's opportunity costs
since they represent no sacrifice of output, We conclude that even in
the presence of an unemployment insurance scheme, the opportunity cost
of unemployed labor is zero.

3.4,2 Excess Productive Capacity

The existence of excess labor supply likely signals the exist-
ence of idle productive capacity as well. The same rationale behind
the adjustments to reflect the social opoortunity cost of employing
previously unemployed Tabour applies equally to unsmployed capital
resources, mutatis mutandis. Haveman and Krutilla¢ employed the same
input-output structure to analyze both the labor and capital demand
generated by particular types of public investment projects. With their

1 R.H. Haveman and John Krutilla, "Unemployment, Excess Capacity, and

Benefit-Cost Investment Criteria™, American Economic Review, Auqust
1967, p. 382, This data is available from the Unemployment Insurs
ance Commission offices in Vancouver,

2 cp. ¢it.
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input-output structure it was possible to trace a dollar's worth of
final expenditure on the project through the model and find the point
at which the expenditure became a payment to a primary resaurce input.
Primary resource inputs were defined as employed compensation, nel
interest, depreciation, corporate profits, indirect business taxes and
proprietor income and rent. With this breakdown to value-added
comporents, payments to labor - employed compensation - and capital -
corporate profits and net interest - could be singled out.

A capital response function was postulated on the same basis as
the labor response function, i.e., that the probability of using a
previously unused unit of capital is a function of the sine of the
deviation of the rate of capacity utilization from full utilization
This then becomes the basis for an adjustment to the merey cost of
capital equipment employed in the construction phase.

The procedure for calculatina adjustments to the cost of cajrital
equipment is identical to that employed in the adjustment of labor
costs. The only additional requirement is a time series of the rates
of capacity utilization by industrial classification. This series
replaces the series on unemployment rates by trade. At the present
time rates of capacity utilization by industry are reported only for
Canada in a publication of Statistics Canada entitled "Industrial
Utilisation Rates in Canadian Manufacturing by Quarter". However, it
is understood that Statistics Canada intends to bring this index out
on a provincial basis within a year., At sucn time, adjustments ty the
market cost of capital equipment to reflect lower secial cost due to
unused capacity on a provincial basis will be possible. Until this
revised series appears, "shadow pricing" of capital appears infeasible.

GUIPELINE:

In the presence of unemployed £aber on unwsed productive capacity
on both, 'shadow prices' should be calewlated to neflect the Lowes
socdal opportundly cost of Less than {ull employment. The adjustments
are to be made accoadding o Zhe procedure cutlined above and sensi-
Lvdily analysis snowld be used as Andicated. Calewlatdion off shadzy
prices fon capdial will, {Jorn the moment, be Linited due fo data unavall-
ability, However, Lt {5 undewiood that this situation will be remedlied
L1 the near futune.

3.5 lmperfect Competition

The existence of imperfect competition in either goods or factor
markets constitutes a departure from one of the optimality conditions
for maximun welfare in a market economy. The result is that the general
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theory of second best applies. The implication of this circumstance
is that aeptimality conditions beccme more complex. Very simply
stated, if prices in one market are greater than costs in that market
by a factor, say k, thenthe 'price equals marginal cost' optimality
rule is broken. If only cne market suffers from this condition, then
optimality can be restored by adjusting prices in all other markets
until they exceed costs by the factor k. However, in general, all
markets will experience varying degrees of competition and the value
of the k-factors will vary from market to market. In addition, since
all markets are interlocked directly or indirectly, an adjustment in
one market will have ramifications in all other markets. One can
easily see that the only way out of the difficulty is a very large general
equilibrium model of the economy.

The degree to which market prices depart from marginal cost represents
& welfare loss which society need not bear since it presumably has the power
to make markets more price competitive through public policy initiatives if
it so desires. That there is no concerted or continual effort to restructure
markets along competitive lines suggests either that policy makers do not
feel that the price/marginal cost departure is very large or, if large, is
Justified by the effects imperfect markets have in regard to objectives
other than maximizing general welfare. On these grounds it might be
considered presumptucus for the analyst to suggest that adjustments to
prices and costs should be made to redress the welfare loss effects of
imperfect markets in spite of the technical conditions for maximum welfare.
Additionally, since the analyst cannot readily determine the direction in
which to adjust prices or costs in order to reflect corrected social costs
without the aid of a complete model of the economy, it is recommended that
attempts to adjust for non-competitive market conditions not be made.

GUIDELINE:

Shadow pricing to neflect welfare gains ox Losses due o monopoly
on genewlly imperfect compelilfion {8 conceptually cornreet but should
genchally not be attempled {n profect evaluations in Baitish Columbia.
The operating assumption should be that market prices neflect the
social value of the resources.

3.6 Risk and Uncertainty

3.6.1 Introduction

The problem of how to treat risk and uncertainty in benefit-cost
analysis arises because the outcomes of alternative investments are not
predictable with complete certainty. Procedures for treating risk and
uncertainty have been developed from capital budgeting, insurance and
decision theory. This section explores the problsm of risk and uncertainty,
examines the alternative techniques for handling the problem and proposes
a workable procadure for incorporation into a benefit-cost analysis
framework. -
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3.6.2 Distinction Between Risk
and Uncertainty

In contemporary theory, a distinction is normally drawn between
risk and uncertainty. Risk refers to situations in which the probability
of outcome of a particular sequence of results is less than 1.0 but the

probabilities of various possible cutcomes can be estimated using
statistical information describing the outcome of similar, previous
activities. Uncertainty which can be quantified statistically and
reduced to an actuarial problem involving objective probabilities
derived from historical statistical information is called risk.

When an outcome cannot be predicted using the technique of
objective probabilities, the outcome is said to be uncertain. The
uncertainty cannot be reduced to an insurable risk. The theory of
choice under uncertainty provides several alternative strategies for
decision-making when outcomes are uncertain., Of the strategies
summarized by Baumo1! the only strategy which appears to have advanced
beyond the theoretical stage is the Bayes Criterion. This strateqy
involves the use of subjective probability as a means of estimating
possible outcomes.

The problem of how to handle uncertainty in benefit-cost analysis
is one for which the literature has not yet developed a fully satis-
factory solution. Following a review of the types of uncertainty that
are likely to arise in applying benefit-cost techniques to project
analyses, various procedures for handling the uncertainty probiem will
be advanced,

3.6.3 Types of Uncertainty

While it is traditional to distinguish between risk and uncertainty,
as outlined in the previous section, more recent literature has tended to
view risk as a sub-set of uncertainty. The subtle distinction in
approach becomes clearer upon a review of types of uncertainty that may
be encountered in project analyses.

Little and Mirr1ee52 distinguish between two types of uncertainty
affecting any particular project.

One type of uncertainty relates to unpredictable developments in
the external environment of a project. These uncertainties would include
future changes in technology and consumer preferences, changes in govern-
ment policy and changes in the prices of project inputs and outputs.

William J. Baumol, Economic Theory and Operations Analysis,
Prentice-Hall Inc., Engiewood Cliffs, N.J., 1965, Chapter 24,

I.M.D. Little, and J.A. Mirrlees,; Project Appraisal and Planning

for Developing Countries, Heinemann tducational Books Co. London,
1Q74
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The other main tvpe of uncertainty relates to the actual perform-
ance of the project itself in contrast to the initial plans and expect-
ations. Internal uncertainties would include deviaticns in the tech-
nical and engineering performance of the project from design expectations,
variations in the input/output co-efficients, and variations in the
economic interrelationships between prices and gquantities of inputs and
outputs,

The grouping of types of uncertainty into categories is mainly for
convenience. In any particular project, it is more important to dis-
aggregate the activities in a project through systematic analysis %o
identify the sources of uncertainty. In the course of disaggregation,
it will normally be possible to identify the variables and to make
judgments concerning the predictability of each. Some variables such
as the price of one of the outputs or the nrice of one of the inputs
will lend themselves to probability analysis on the basis of historical
statistical data. OQthers such as the delivery time of equipment and the
development of new technology will not lend themselves to normal risk
analysis techniques.

Howel suggests two general steps to begin the explicit treatment
of uncertainty in project evaluation. These are:

"(i) Face up to the uncertainty and acknowledge its presence
in as specific a way as possible (e.g., a population may range from
150,000 to 200,000 people, peak residential demand can be assumed to
have a particular probability distribution, equipment costs may range
from $A to $B and so on).

(i1} Allocate planning resources to the further study of
determinants of key economic and social parameters when apparently the
range of uncertainty can be significantly reduced through such study."

Howe continues, "A frequently found exampole of the need to observe

point (i1) is the situation in which the physical features of a project

will be studied in the greatest detail (e.g., the hydrology will be
analyzed and refined, the operating characteristics of lock gates and

1 C.W. Howe, "Benefit-Cost Analysis for Water System Planning”,

Water Resources Monograph, American Geoohysical Union,
Washington, D.C., p. 74,
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chambers will be minutely studied and simulated, sedimentation and
scouring will be predicted and simulated in detail), whereas only the
most naive attempts will be made to study such features as the qrowth
of demand, how the public feels about details_of project design, what
the impact on aesthetics will be, and so on."l  The point is that

the overall balance between mitigating the problem of risk in tne
various elements of a project evaluation (engineering, socio-economic,
etc.) should be given strict attention. We now turn to the methods of
explicitly recognizing risk.

3.6.4 Methods for Treatment of Risk

In this section we shall discuss several of the more frequently
suggested methods of dealing with insurable risk in practice, The
methods reviewed will be (i) conservatism in estimation of benefits
and costs, i.e., high cost estimates and low benefit estimates; (ii)
addition of a risk premium to the discount rate; (iii) conservatism in
estimating the economic life of the project; (iv) the explicit use of
probabilities to calculate expected value.

Conservatism in the estimation of benefits and costs is recommended
by the Green Booke of the Army Corps of Engineers in the U.S. and was
apparently the practice during the 1950's and 1960's. The application
of this fechnique requires the analyst to reduce benefit estimates and
‘increase cost estimates in proportion to the anmalyst's lack of confidence
in the expected values of these variables. This type of handling
refiects an unusual and unwarranted view of risk. A more appropriate
handling should recognize that future events are perhaps as likaly to
affect the project in a Leneficial way as in an adverse way.

Inclusion of risk factors in the discount rate is another frequently
suggasted method of handling risk. This methed has received considerable
currency in the literature - far more currency than is deserved. The
procedure here is to adjust the value of the discount rate uoward by
varying degrees according to the degree of risk associated with various
projects.

U Ibid., p. 75

2 United States Government, Federal Inter-Agency River Basin

Committee, Subcommittee on Benefits and Costs. Proposed Practices
for Economic Analvsis of River Basin Projects. Washington, May
19503 revised Hay 1958.
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This approach is inappropriate for a variety of reasons. Chief
among these reasons is the undesirability of loading the discount
rate with 'excess baggage'. Generally speaking, the discounting
procedure is one which is difficult enough to grasp and frequently
mistrustad by decision-makers, One must argue long and hard to establish
the rationale for discounting! and to substantiate a particular rate.
To load the concept and rate with additional elements is to further
cloud the issues. This is aven more unfortunate considering the fact
that there are other more appropriate means of dealing with risk.
Increasing the discount rate compromises the ability of the discount
rate to act as arbiter between more and less capital intensive projects.
Furthermore, increasing the discount rate to reflect risk indicates a
similar and unwarranted aversion to risk, as does conservatism in
estimation of benefits and costs. Again, it is entirely possible for
things to turn out better than planned as regards a particular project
and this is not reflected by upward adjustments.

Another method for reflecting riskiness of orojects is the adjust-
ment of payback periods. The payback period is defined as that period
over which the accumulated annual net benefits of the project reach a
sum equivalent to the capital costs of the project. f risk increases
with the length of the payback period then, obviously, the shorter the
payback period, the lower the risk. However, the pavback period is
more an investment criterion than a method of assessing riskiness in
projects and must therefore compete with other investment criteria to
perform that function., I[ts use in risk analysis is inappropriate. We
shall have more to say about the payback per1od as an investment
criterion in chapter 4.

To this juncture we have rejected all frequently suggested rules
of thumb for dealing with risk. In our view, the only really approp-
riate means of handlina risk is to deal with the estimates of benefits
and costs directly. While this method may cause more effort to be
expended than some of the above, it does meet the criteria set cut at
the beginning of this section more satisfactorily than the other
methods, i.e., it forces analysts and decision-makers to face risk
head-on and to make feelings toward risk as it affects benefit and cost
estimates explicit.

It may be useful to recall at this time that the most likely
sources of risk are changes in the future prices of project cutputs,
changes in the future prices of inputs required to construct and operate
the project and the performance of the physical facility itself. In

1 or compounding. See Chapter 4. However, we argue that the

compaeunding procedure is more easily grasped
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the discussion surrounding the recommended method of dealing with
anticipated price changes, we were actually on the verge of the present
topic of analysis - risk and uncertainty. In the discussion of price
changes, we recommended the use of sensitivity analysis for cases of
anticipated future price changes. We now develop this more fully in
relation to explicit recognition of uncertainty and also add several
options in addition.

Sensitivity analysismay be used as the precursor to empioying
the more sophisticated methods for explicitly handling risk., IF,
on the basis of project evaluation with several scenarios of prices,
costs, etc., the project appears to be sensitive to changes in one or
more parameters thought likely to change, the analyst should then
employ one of the following methods for calculating expected net
future value.

3.6.4.1 Method 1

When estimating physical inputs and outputs and the prices of
each of these, the analyst should think in terms of determining the
expected values of these variables, What this means is that thz2 analyst
must average tne various possibilities, weighting each possible outcome
by the probability of its occurrence. This must be performed for inputs,
outputs and prices in each period the project is expected to be constructed
and/or operating, Having determined a value for gxpected returns in each
period the analyst compounds these vaiues to determine the expected
future value for the project. -

It is clearly infeasible to present all possibilities with their
associated probabilities, The main point is that the analyst should
know what he is trying to estimate and which are the expected outcomes.
Three or four separate possibilities is very likely to cover the range
of expected variation. In most cases there will be a necessity for
project designers to communicate with project evaluators over these
points and reach a comman agreement on what the possibilities are in
fact. The following example iliustrates the process.

The first step in applying risk analysis techniques is to sort out
the variables, i.e., those elements whose values cannot be determined
with certainty, from the remaining fixed or constant elements. In order
to reduce the magnitude of the task it may be preferable to treat some
of the less important variables as though they were certain.

Each variable is then analyzed separately, and in place of a single
va]qe for each, the range within which the variable might fluctuate is
defined and the Tikelihood of the variable occurring at points along the
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range are established. For example, an important variable in an analysis
may be the cost of coal as fuel to a thermal plant. The analyst may examine
the problem of choosing the range of prices to use as follows:

Price of coal (ton) $5 $10 $20 $30 %40
Probability of price 05 .20 .40 .30 .05
occurring

The rationale behind assigning the various probabilities may be as follows:
At a coal price of $5 per ton, the producer is able to cover his operating
costs only; at 370 per ton, the producer covers his operating and capital
costs; at $20 per ton, the producer makes 15 percent profit on the
operation; at $3C per ton, the profit level is greater than normal for

the industry and other investors will be attracted to invest in coal.
Finally, at $40 per ton, the profit level is so high that the expectation
must be that market forces will force down the price, but there is still

a 5 percent chance that the coal producer can maintain a $40 per ton

price due to his market position.

The probability distribution shown above has a mode, the 'most
Tikely' value, and a mean, the 'expected value'. The mode is $20, since
it is the point which corresponds to the highest probability, and is
that point which will be usually chosen when single value estimates are
requested. The mean, or 'expected value', is a weighted average of the
range of possibilities and is the summation of all the dollar values
times the probability of each occurring. Thus in the above exampTe the
calculation is as follows:

$5 «x .05 =. $0.25
$10 x .20 = $2.00
$20 «x 40 = $8.00
$30 «x .30 = $9.00
$40 x 05 = $2.00

1.00 $21.25 = expected value

If a single value must be used in place of the probability distribution
then the expected value is the best point to use.

The analyst can build probability distributions for the other
variables; in the case of a thermal electric power plant he may wish to
consider the distributions of capital costs, operating costs, demand for
electricity and the price range at which the product can be sold.
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This building of probability distributions is one of the main
benefits to be derived from risk analysis in that it forces the analyst
to question the underlying assumptions for the values of each variable.
This process gives greater insight into the determinants of the
variables and should result in an investment analysis that is an
accurate reflection of the future.

When the expected values of the variables have been calculated,
the analyst completes the investment evaluation in the usual way (see
Chapter 4).

An element which should be taken into account in decisions on
projects in light of uncertainty is the flexibility allowed by the project
to adjust to changing factor input prices. The best means of explaining
this is by illustration. Establishment of a ferry transportation system
such as that of B.C. Ferries offers a relatively great degree of flexi-
bility in operating the system in the presence of changing pricas. On
the other hand, a hydroelectric dam offers somewhat less flexibility in
adjusting the operating regime to changes in input prices since it
basically lecks in the technology current at the time of its construction.
If flexibility is likely to be important in any actual cases, the
analyst should reflect the varying degrees of flexibility by adjusting
the probabilities associated with various possibilities in the calcu-
lation of the expectad terminal value of net benefits. Thus, a project
of average flexibility would receive no adjustment, a very flexible
project would receive an increase in the probability associated with
beneficial input price changes while a very inflexible project would
receive an increase in the probability associated with adverse ‘input
price changes. Such adjustments should be Timited to approximazely

% of the expected terminal value of net benefits of the projec: prior
to any adjustments as described above. We shall have more to say
about project design and expected input price changes in a Tater chapter.

3.6.4.2 Method 2

If a more careful evaluation is required either due to the size
of the project or the degree of uncertainty, a more appropriate means
of handiing risk analysis is the detailed examination of various
nossible developments of the project., At a minimum,three possibiiities
shouid be analyzed - one in which prices move as expected, one fin which
prices move adversely and one in which prices move favorably.

The best means of working through this type of calculation is to
deal with the net benefits of the project in each period separately.
Net benefits in each period should be calculated on the assumpt-on
that prices are at their expected levels., In addition, the ana’yst
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should calculate estimates of net benefits on the basis of 'pessimistic’
and 'optimistic' assumptions about prices. To form estimates of

pri¢ces based on optimistic and -pessimistic assumptions, one might
assume that there is a probability of $.33 that the price might be

more and/or less favorable than its anticipated value.l After all
relevant prices are dealt with in this manner, the period-by-period
estimate of expected net benefits is calculated. The expected terminal
value of the net benefit stream is then calculated in the usual way.?2

3.6.5 A Note on the Meaning of Expected Value

The expected value of a variable is the mean of the probability
distribution of values of the randomly distributed variable. The form
of the probability distribution may take a variety of specifications,

2 conmon specificationbeing the normal distribution which has certain
useful properties. One must be careful to avoid confusion between the

- statistical definition of expected values and the colloquial use of that
phrase. An example will help to ¢larify this noint. If a six-sided

die is tossed and one is told that cne will receive as many dollars as
shown on the die, what is the mathematical expectation (expected value)
of the game. It's $3.50 (1 x 1/6 +2 x1/6+3 x1/6+4 x 1/6+ 5

x 1/6 + 6 x 1/6). The actual outcome of the toss could be 1 dot or 6
dots {dollars). B8ut, iT the experiment were repeated a very large
number of times, the average value of the many outcomes would be $3.50.

Thus, we would not be alarmed to find in retrospect that the
actual terminal value of a project did not turn out to be equivalent
to the expected terminal value of the project as calculated in antici-
pation of events. In fact, as the above example shows, we would be
very surprised if the actual net terminal value equalled the expected
net terminal value,

3.6.6 Trug Uncertainty (uninsurable Risk)

Uncertainty of the glgbal variety, €.9., the state of the world
in the nuclear age, certainly has the petential for drastically affecting
the results of project appraisal. Short of doomsayers and other prophets
of catastrophy, there is no systamatic method of incorporating this
type of uncertainty in nroject apnraisal. Uncertainty is therefore
best ignored in project evaluation, ‘ ’

1 i .
Clearly an optimistic assumption requires that the term favorable
means higher output prices and lower input prices, while the term
unfavorable requires the reverse.

2

See Chapter 4.
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3.6.7 Summary

Several acceptable methods of risk analysis in project appraisal
are recommended. The appropriate method in any particular circumstance
depends upon the number of government projects, the size of the particular
project, the availability of data to support anaiysis of this type, etc.
Generally speaking, it is necessary to balance the cost of determining
alternative outcomes against the usefulness of the knowledge gained from
the analysis in relation to the above considerations. The larger the
project withrespect to, say, the gross provincial product, the more
useful detailed analysis will be. On the basis of the theory of
actuarial risk pooling, the more public projects there are, the lower
the risk associated with that investment pertfolio.

Even if it is known that a project is highly risky, this is not
sufficient reason to forego the project. It is often true that higher
risk projects are associated with higher payoeffs and should be undertaken.
The cost of evaluating the risk of a small project may often exczed the
losses incurred if the project performs at less than the expectad net
terminal value.

GUIDELINE:

The following methods fon risk analysis are necommended, As a
‘rough ernitendion o detemine which method 45 appropriate in particufan
cincumstances, we recommend that Method 1 be used for profects with
total construction expenditurnes {n excess of 1/2 of 1 percent of the
Gross Provinedal Product fon the year preceding that in which the
analysis s conducted, Method 2 should be employed jon profects with
constuction cosls Less than % of 1 percent of Gross Provdineial Product,

Method 1. This method entalls the use of expected values fon
the physdcal Tnputs and outputs of the project as wedl as the prices
of the Lnputs and outputs. This injormation 48 wsed fo caleulate an
expected net present value for the profect.

Method 7.  TImpLementing this method {nvolves the development of
several Ta mininum of three) scenatlos nespecting altewmative 'futures’
for the preject. 'Optimistic', 'pessimistic' and 'anticdpated’
assumptions as X0 future inputs, oulputs and prices are developed.

This information L8 used €0 construet csiimates of cxpected net
benegits on a period-by-period basdis which then 4s converted to a net
teruninal value sum by compounding.



CHAPTER 4

DISCOUNT RATES, DISCOUNTING METHODS
AND RANKING CRITERIA

4.1 The Discount Rate:
Social Opportunity Cost (S0C) Versus Social Time Preference {STP)

4.1.1, Background and Definitions

The discount rate is one of the most important parameters used in
benefit-cost analysis. Perhaps because of its importance it has been the
subject of a continuing controversy on two fronts, The debate in the
literature of public finance and public expenditures analysis has been
cancerned both with the theoretical problem of what it is that the discount
rate is to measure - social time preference or sccial opportunity cost - as
well as with the precise means of empirically estimating the value of the
discount rate for a given society or econcmy under either cf the two concepts.

It should be mentigned at the outset that it is theoretically possible
for the rate of social time preference and the social opportunity cost of
capital in an economy to be equivalent, although under a very restrictive
set of conditions. By exploring for a moment the background for this
statement, it is possible to both define the two terms and get an idea of
the concepts behind them.

Individuals have a certain preference for present as against future
consumption. This is individual time preference and can be expressed as a
rate. If all individuals in society have the same preference for present
consumption versus saving {for future consumption) one may take the
representative individuali's preference ordering over present and future
consumption and speak of the time preterence of sgciety, or social time
preference, Alternatively, if individuals have different consumption -
saving preferences, onemay conceive of some sort of weighting scheme such
that it is possible to speak of the average time preference of a society. Thus,
the concept of social time preferente remains intact even in the presence of
differing individual time preference. I[f individuals save (abstain from
consumption) in the present, investors (probably business firms} can invest
the funds productively at some positive rate of return. Assuming the set
of conditions defining perfect competitionl in an economy, the rate of
return generated by the marginal {next) investment cpportunity is the
social opportunity cost of capital.

See any textbook in microeconomics for a definition of perfect
competition,
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[f there were no income tax on businesses, 1f investors had perfect
knowledge of investment opportunities, if individuals budgeted carefully
sO that the last dollar they saved returned sufficient income (consumption
power} in the future so that the inconvenience of waiting to consume was
exaCtly balanced with this increased income, and if individuals, govern-
ments and business firms could borrow and lend at the same rate of interest,
the social rate of time preference would exactly equal the social opportunity
cost of capital. Another way of stating this resuit is that marginal rates of
return on investments in the private sector would be just sufficient to induce
individuals to save just enough to undertake these investments.

Of course these restrictive conditions do not hold in most economies.
The major causas of divergence are the existence of incoeme and other
taxation of the corporate sector, imperfect capital markets which lead to
differential borrowing and lending rates for most businesses and ali
individuals, individual preferences which lead many individuals to conclude
that the returns to saving are not sufficiently high and differential
taxation of various classes of business {e.g., extractive versus manu-
facturing) and individuals (renters versus home owners)., Economists and
policy makers are therefore faced with a situation in which social ratas
of time preference diverge from the social opportunity cost of capital
invested in private projects. This divergence set the stage for the
debate over the appropriate concept (SOC versus STP) and measure to apply
in evaluation of public projects. . .

4,1.2 Social Opportunity Cost?

Those who argue in favor of using a social opportunity cost rate of
discount maintain that the use of any other discount rate in public project
evaluation implies an inherently inefficient allccation of resources
between present and future consumption (present saving). If capital invested
in the private sector could return r percentl to the investor,it is detri-
mental to society's best interests (i.e., it is inefficient) to invest this
capital in a public project wnich returns r* where r* is less than r.

There are three important implications of this reasoning:

(i) The total amount of capital available for investment
in a society is a given amount per unit time and is
determined by past investment and the aggregation of
individuals' preferences for present consumption as
against saving.

! This is a pre-tax rate of return. Where a public and a private project

are to be compared, the pre-tax rate of return is the relevant rate for
the public project.

For purposes of this background discussion, we are assuming the exist-
ence of the restrictive set of conditiaons which defined the Standard
Project of Chapter II.
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(i1} The division of this given quantity of capital
between investments in the public and private
sector is determined by rates of return in the
private sector as compared to discount rates
employed (explicitly or implicitly} in public
sector invesiment evaluations.

(iii} Since different public projects have different
mixes of productive inputs, the discount rate
employed in public sector project evaluations
will materially affect the character of public
investments and, over time, tha size of the
capital stock in the public sector as against that
in the private sector,

Clearly, the discount rate is a most important element in project
evaluation for it assists in determining the distribution of nroduction
between the public and privates seciors and the character of the capital
stock in the public sector.

4.1.3 Social Time Preference

A thread of thought developed around the turn of this century by a
well-known economist has become the basis for a line of thinking employed
by present day economists and political theorists who argue in favor. of
a social time preference rate of discount to be used in public project
evaluation,< Pigou's view, simply stated, is that individuais suffer
from faulty long-term vision {they're myopic) in their consumption-saving
decisions, He felt that individuais placed too much weight on the present
and too 1ittle on the future to the detriment of generations yet unborn.
Whereas future generations were materialily affected by society's present-
day decisions, they were, by definition, under-represented in the decision-
making process. To correct this intergenerational equity problem, Pigou,

] 0f course, investment is a dynamic process and it is strictly incorrect

to speak of a given quantity of capital. [t may be preferable o
envisage a flow of funds directed by the discount rate into the two
sectors., The rates of flow into each sector are influenced by the
magnitude of the discount rate.

2 Pigou, A.C., The Economics of Welfare, 4th ed., London, 1932.
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and more recently Arthur MaassT, Stephen Marg]inz, and others have

favored using a lower rate of discount than is implied by the social
opportunity cost. The effect of this lower discount rate, they argue,
will be a bequest of greater capital stock (social infrastructure) than
would have resulted using the sccial opportunity cost discount rate,
ceteris paribus. Other things equal, more capital stock for future
generations implies greater prosperity {as measured by per capita incomes)
and the intergenerational equity problem is at least partially redressed.

The social opportunity cost versus social time preference as a basis
for determination of the social discount rate ultimately boils down to a
debate betwesen efficiency versus equity as a hasis for public policy
formation (see Chapters 1 and 6). The social opportunity cost is an
afficiency measure of the cost of productive resources whereas the social
time preference rate concarns the distribution of income between the
private and public¢ sectors as well as between present and future generations,
Use of the social time preference in project evaluation, however, obviously
has efficiency implications. The degree to which intergenerational equity
considerations should govern public policy formation can't even be deter-
mined at the political level. Politicians elected by the present members
of society cannot determine what is best for future generations, Hor, feor
that matter, can politicians determine what future generations want without
knowledge of their aggregated individual preference functions. This is
clearly impossible. To the extent that the emerging ethic of the 'ecology
movement' is indicative of the preferences of the future, a higher rather
than lower discount rate may be indicated, Meanwhile, for practical
considerations, analysis must proceed largely on the assumption that
economic efficiency is the primary basis for determination of the discount

- rate.

GUIDELINE:

The discount rate o be used in evaluation of public secton Linvestments
in British Columbda has its basds in the social opportunily cast of capital,
The social opportunify cost of capital {s measured by pre-Lfax aates of
retunn on capllal invested Lin the private sector.

! Maass, A., "Benefit-Cost Analysis: Its Relevance to Public¢ Investment
Decisions." Quarterly Journal of Econcmics, 1966.

2 Marglin, S.A., "The Social Rate of Discount and the Optimal Rate of
Investment.” Quarterly Journal of Ecenomics, February, 1563, 77, 95-112.
Also see: Stephen A. Marglin, Public Investment Criteria: Studies in
?he Econcmic Development of India. George Allen and Unwin, London,

967.
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4.2 Measurement of the Social Opportunity Cost
of Capital

Due to capital market imperfections, unequal risks associated with
investments in different sectors of the economy, corpaorate income taxes.
affecting different sectors differentially and a variety of other circum-
stances, rates of return on investment in one sector may not be equivalent
to rates of return in other sectors.

The solution to the practical problem of measuring the social
opportunity cost of capital for a society in which rates of return on
investment in the nrivate sector vary from sector to sector has been
suggested by several writers.] Basically the procedure suggested is the
calculation of a weighted average private sector rate of return in which
the weights are the proportions of total financing for the project(s) in
question which are diverted from each sector of the_economy. To illustrate
the method, we reproduce one author's example here.2 Assume there exists
a two-sector econcmy with production taking place in both the consumer
and the corporate sectors. Assume that the rates of return on irvestment
(opportunity cost) for each of the sectors are 5% and 10% respectively.
Assume that the resources to be employed in the proposed project would
otherwisa have been divided among the two sectors as follows:

consumers' goods production by consumer sector 20%
consumers' goods production by corporate sector 70%
producers' goods production by corporate sector 10%

Calcualtion of the weighted average discount rate may now proceed as follows:

{20/100] x 5% + ({10 + 70)/7100) x 104 = 9%.

1 See, for example, Charles W. Howe, Benefit-Cost Analysis for Yater

System Planning. American Geophysical Union, Washington, D.C., 1971;
A.C. Harberger, "On Measuring the Social Opportunity Cost of Public
Funds." 1in The Discount Rate in Public Investment Evaluation.”;
Conference Proceedings of the Committee on the Economics of Water
Resources Developwent, Western Agricultural Economics Research Council,
Denver, Coleorado, December, 1968. Report No. 17, There are, of course,
& number of other authorities suggesting use of this methed.

Baumol, "Analytical Problems in Policy Analysis." Public Expenditures
and Policy Analysis, Havelman and Margolis, editors, p. 279-280.
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0f course, in any actual project evaluation, investment resources could

be diverted from a wide variety of productive sectors, thus compounding
greatly the difficulty of obtaining the information regquired to perform
the above calculation. In addition, it may be difficult or impossible for
the analyst to identify from which sectors resources would flow {(and in
what propertion) in the event that the project is built. A further impli-
cation is that since different potential projects might pull resources in
different proportions from different sectors, the calculation should be
repeated for each project evaluation., While this represents the optimal
procedure, in practice this is unlikely to be accomplished. In view of
the impracticality of estimating a weighted average discount rate separ-
ately for each project,on the basis of previous work by others, we shall
put together a method of obtaining a weighted average social opportunity
cost for the typical 8ritish Columbia project.

4.2.1 Empirical Studies

The methodology of two studies which obtain estimates of the social
opportunity cost of capital for Canada are reviewed in_some detail in
Appendix A. The eariier study by Reuber and NonnacottI emplioys a
‘borrowing model' approach which begins with a financial rate of interest
to which several adjustments are made in order to arrive at a real rate of
interest. The more recent study by Jenkins¢ employs the financial state-
ments of 3-digit standard industrial classification industries to which
a number of adjustments are made to transform accounting financial state-
ments to consistency with economic definitions and concepts. The Jenkins
study is preferred for a number of reasons. The methodology employed by
Jenkins is precisely that which is required to estimate the social oppor-
tunity cost of capital., The Jenkins study also highlights the differential
rates of investment productivity and taxation in each sector and therefore
contains the raw material for calculation of a weighted average cpportunity
cost of capital as described above. Finally, the more recent data coverage
and the greater sectoral detail are additional reasons for preferring the
Jenkins study.

Table 1 following is reproduced from the results of Jenkins' work.

] Reuber, G.I. and Wonnacott, R.J., The Cost of Capital in Canada - With
Special Reference to Publi¢ Development of the Columbia River, Resources
for the Future, Washington, 0.C., 1961.

) .

Jenkins, Glenn P., "The Measurement of Rates of Return and Taxation
from Private Capital in Canada", in Benefit-Cost and Policy Analysis.
A.C. Harberger, et al, editors (Chicago: Aldine Company) 1972.
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4,2.2 The Influence of Source of Funds on the Social Opportunity
Cost of Capital

The discussion on the social opportunity cost of capital to =his
juncture has assumed that all funds potentially to be used in the public
sector would be obtained through private capital markets by the flotaticn
of some form of debt security. However, governments also have the option
of raising additional reovenue through increases in tax rates, Fraequently
one hears the argument that the social opportunity cost of capital depends
upon how the capital is raised - by taxes or borrowing. According to
consumer behavior theory, increased taxes decrease income Tevels by the
amount of the tax thereby decreasing saving by the marginal propensity to
save times the income reduction; consumption is changed by the ma-~ginal
propensity to consume times the income change. Continuing the er-oneous
argument, the tax revenue raised by reducing consumption should be
evaluated at the social time preference rate of discount (assumed to be
lower than the social opportunity cost). This reasoning is incorrect
basically because there is no reason to evaluate a dollar taken from
income at anything less than the social opportunity cost in the private
sector (where it could be invested at that rate)., From this anaiysis we
may conclude that no matter how funds are raised - by berrowing or taxation,
their appropriate opportunity cost is the social opportunity cost in the
private sector,

GUIDELINE:

(4} For public profect evaluation Ln Baitish Columbia, therne are
sevenal procedures available fon determinding the preper discount rale.
I 4% can be detewmdined what propordlon 0f funds o a project are
divented §rom othen potential lnvestments Ln glven sectons within the
Provinee, these proportions should be used Zo wedlght the taze of retwmn
grom The relevant sector as given <in column 7 of Table I, From this a
wedghted average rate of return can be caleuwfated as <n the above example,

({iL) 14 sectonal detall cannot be obtained, Lt {s rccommended Lhat
a discount rafe of 10% be employed with rates of 8% and 12% wsed fon
sensltivdlty analysds . Disceunting caleulations usding rates elthern higher
cn Lowern than those necommended above may be employed but should be in
addition to caleulations displayed acconding to the above recommended rates.

Mishan's discussion of the discount rate is highly recommended. [t may
require several readings to grasp his points securely but the time

will have been well spent. See Mishan, Cost-Benefit Analysis, Chapters
30-32.
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4,2.3 A Note about the tevel of the Recommended Rates

Evidence supporting the ratess recommended above abounds. The
Jenkins study indicates that the social rate of return in manufacturing
is an average of 15.1 percent. The average rate for non-manufacturing was
§.7 percent yielding an average rate for all activities of 9.5 percent.

In testimony before the Joint Economic Committee of the U.S. Congress,
Dr. John V, Krutilla defended his use of a 9 percent discount rate by
citing the testimony and research of fellow economists.? Professor Otto
Eckstein appeared before the same Committee in 1968 and tastified to the
effect that the social opportunity cost of capital was of the order of 8
percent, Professor A.C. Harberger testified that something on the order
of 10.7 percent was appropriate and was emphatic about a range of 2 per-
centage points above and below 10.7 percent, i.e., 8.7 percent and 12.7
percent. Professor Stockfish testified before the same Committee in
September 1567 that he had developed an estimate of 13.5 percent which he
subsequently revised down to 10.4 percent. [t is to be noted that these
people are eminent authorities who have spent their careers in the economics
of public finance and public policy. t shaould also be noted that this
testimony ftook place in the Tate 1960's in the United States - a country
with traditionally lower interest rates than in Canada.

On the basis of the testimony reported here supported by the Canadian
study also reported above, along with other cobservations made herein,
the recommended rates of discount seem very reasonable.

Finally, it is important to note that the recommended rates are
real, inflation-free rates to be used in studies emp10y1ng current real-
dollar estimates of benef1ts and costs.

4.2.4 Implications of Employing the Recommended Rates

It is not to be thought that the 8 - 10 - 12 percent discount rates
are recommended in a light-hearted fashion. Considerable effort has been
made to locate and obtain sufficient data and information to provide a
basis for making a decision on this matter. The available evidence
relevant for Canada has been reported and footnoted herein.

U Ibid., p. 225.

2 Testimony of J.V. Krutilla before the Subcormittee on Econcmy in
Government of the Joint Economic Committee, mimeo.

3 Since the drafting of this section, the Planning Branch of the Treasury

Board Secretariat has published a benefit-cost gquide, The discount rate

recommendation of the Treasury Board is 10% with 5% and 153 sensitivity

bounds,

L5
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Clearly, the major implication of the use of the recommended rates
is that capital will now have to carry its weight, What is meant by this
is, of course, that capital intensive projects (relatively speaking) will
have to generate a higher relative rate of return than less capital
intensive prcjects in order to offset the higher 'shadow price' of capital
gn? thereby still appear favorable by the criteria set out above and
elow, ' .

A further implication is that use of these rates over a long span of
time will imply less capital stock in the public sector than if lower
discount rates were used, other things equal. Whether this is a 'good’
or a 'bad' is a political/philosophical question which can be debated but is not
subject to analysis.

It is often suggested that use of 'high' discount rates will bias
decisions in favor of use of non-renewable over renewable resources,
particularly in the energy field. This does not necessariiy follow. In
particular, it is often suggested that thermal-electric projects based
on fossil fuels will appear more favorable than hydro-electric projects.
However, if the capital employed in both projects bears the same oppor-
tunity cost, if appropriate opportunity cost 'shadow prices' are applied
to the fossil fuels and if the capital employed in extracting the fossil
fuels {génerally a capital intensive process) bears the appropriate rate
of discount, then there should be no such bias. [f decisions made on this
basis still prefer thermal-electric projects over hydro-electric, then ane
musl recognize that capital too is 2 scarce resource and that, other things
equal, the former project uses less of the relatively more scarce resource.

4,3 Ranking Criteria for Investment Decisions

Investment criteria provide the means of assessing the desirability
of investing in projects by enumerating and evaluating all reievant costs
and returns. Acceptable investment criteria must reflect all benefits and
costs attributable to the investment during its 1ife and also weigh the
timing of these benefits and costs since those which occur earliest are
more significant than those which occur later, other things equal.

The discussion of ranking c¢riteria will review, compare and contrast
the more frequently proposed criteria - net present value, internzl rate of
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return and benefit-cost ratig. The problems encountered in use of these
criteria will be outlined and illustrated where appropriate. Finally, from
this background discussion, a particular investment criterion will be

developed and recommended for use in project evaluaticn in British Columbia.

4.3.1 Simple Investment Criteria

A number of simple investment criteria have been devised Targely for
application in private business investment decision-making. While these
criteria might be appropriate in certain such applications, they are not
considered appliicable in the context of public investment decisigon-making
in British Columbia primarily because they do not account for the timing
of the benefits and costs (receipts and expenditures in a private context).
For completeness, we briefly mention these criteria but de not discuss them
at length.

The cut-off period criterion is the crudest of the methods employed

in industry. A period of time is arbitrarily chosen during which all outlavs

on a project must be recovered. Any investment project not meeting this
criterion is dropped from further consideration. The pay-off period may
be used to rank investment options, the ranking being based ¢n the number
of years required to recover all outlays on each project. The pay-off
period rate of return is derived from the pay-off period and is obtained
simply by dividing 100 by the pay~off period, The net average rate of
return is calculatad by obtaining the algebraic sum of receipts and
expenditures and dividing this result by the number of periods used to
accumulate receipts and expenditures.

Aside from the time dimension, there’'are other problems associatad
with use of_the above criteria. For a more,complete explanation see
€.J. Mishan! or any reference text on industrial invesiment analysis.

4.3.2 MNet Present Value

The net present discounted value or net present value (NPVY) of an
investment is caiculated by determining the net flow from the investment
(benefits minus costs) for each time period then weighting the resulting
net by the factor '/ (1 + r)t where r is the appropriate discount rate
and t refers to the time period associatad with the net flow. Consider
the following example:

Mishan, E.J., p. 185 and passim,

HeE



Page 75.

PERIOD
T 23 4
PROJECT A
BENEFITS 0 0 40 60
COSTS 30 .30

5 5
NET BENEFITS 30 -30 35 55

PROJECT B
BENEFITS 0 0 40 60
COSTS 5 15 20 20
NET BENEFITS ~15 -15 20 40

The net present value of project A is calculated by solving the
following equation, assuming a 10 percent rate of discount.

=30 L. =30 35 55 _
KVA = 35 9000 (T +.i0)7 " (T +.1002 F 7+ .10)3 =~ 12.98
NPVB is calculated similarly.

=15 -15 20 40 i
NPV = T 100 Y T+ .07 " (T + 1002 T (T + .1g)3 ~ 1794

According to the above, if the projects were to be ranked by their NPV,
project B would be preferred to A. Alternatively, at a discount rate of 5
percent the NPV of project A is 20,69 whereas that of project B is 23.40.
Using NPV to rank the projects and assuming a § percent rate of discount,
the project ranking is the same as that obtained using NPV and assuming a
10 percent discount rate. However, the gap between the two NPV's has
narrowed, This suggests that further lowering of the discount rate will,
at scme point, result in a reversal of the project rankings.! Notice also
that this result obtains even though the total benefits and total costs for
both the projects are the same. Clearly, since the timing and magnitude of
the benefits is the same for both projects, the timing of the costs
1s what is affecting the NPV when using the differant discount rates.

L In the example shown both projects have a NPV of 30 using a zero discount

rate.
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4.3.3 The Benefit-Cost Ratin

The same information required to calculate the NPY of a project can
also be enployed to calculate the henefit-cost ratio except that now one
applies the discount factor to the total benefit and cost estimates.
Referring back to the example of the last section one calculates the
value of

4
th !"I and
T+t

4
%% o]

where By and Cy refer to the benefits and costs for each project occurring
in each pericd. Performing the calculation for each project at both the
10 percent and 5 percent discount rates we have, respectively,

PROJECT A PROJECT B

BISCOUNT RATE 10% 109
DISCOUNTED TOTAL BENEFITS 78.14 78.14
DISCOUNTED TOTAL COSTS 65.16 §0. 20
BENEFIT-COST RATIO 1.20:1 1.30:1
DISCOUNT RATE 5% 5%
DISCOUNTED TOTAL BENEFITS 83.11 88.1
DISCOUNTED TOTAL COSTS 67.43 64,71
BENEFIT-COST RATIO 1.31:0 1.36:1

Ranking inconsistencies resulting from each of the four criteria we
review can occur although the above examples have not exemplified this.
These inconsistencies result from implicit assumptions necessary to the proper
use of the methods but which do not hold true in the cases where inconsistencies
arise. After reviewing the internal rate of return criteria, we shall explore
the necessary conditions for using each of the criteria and then. suggest a
normalization c¢riterion for removing the cause of inconsistent rankings.

e
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4.3.4 Excess Benefit Over Cost Ratio

A further means of arraying investment projects is by the ratio of
present value of total benefits minus present vaiue of total costs to
present value of total costs. Referring back to the example deveioped
above and assuming a 10 percent rate of discount the projects would be
ranked, B preferred to A as shown by the table below.

PROJECT A PROJECT B

(1) DISCOUNTED TOTAL BEMEFITS (78.14- (78.14-
MINUS DISCOUNTED TOTAL COSTS 65.16) 60.20)
(2) * DISCOUNTED TOTAL COSTS 65.16 60.20
RATIO OF (1) : (2) 0.24 0.30

The three ranking methods presented above are all variations of the
present value criterion. Which method is preferable will be the
subject of a following section. However, before comparing and contrasting
the criteria and their means of implementation, it is necessary to
introduce another major investment criterion.

4.3.5 Internal Rate of Return

The internal rate of return of a project is that rate of discount
which equalizes the present discounted value of benefits and the present
discounted value of costs of a project. Another method of defining the
internal rate of return is that rate of discount which sets the NPV of
the project to zero. In private industry this criterion is normally
referred to as the discounted cash flow method. In social benefit-cost
analysis, real flows are considered in addition to cash outlays and
receipts. The internal rate of return can be solved by finding the soiuticn
to IRR in the following equation

. .
Bt

= T+ moE| - °

t=0

where Bt is the net benefit of the proposed investment at t.

Aside from the computational difficulty associated with the internal
rate-of-return {unless one has a computer program which solves for IRR
using various values of By and t), there is an additional operational
difficulty involved with this method, The solution for IRR involves
taking roots of a polynomial expression. In a simple 2-period case, the
equation will have two roots - two values for IRR, the internal rate of
return, In the more gencral n-period case (n>2), there will be n-1 roots, each
qualifying as a rate of return {excluding negative roots).
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4.3.6 Comparisecn of the Ranking Criteria

The computational convenience of the present discounted value
¢riterion and the multiple root problem associated with the internal
rate of return ¢riterion leads to a preference for the present discounted
value (NPY} criterion. However, we have seen that all the methods of
implementing this preferred c¢riterion, i.e., net present value, ratio of
discounted benefits to discounted costs (benefit-cost ratio) and excess
benefit over cost ratio, can give inconsistent rankings under certain
circumstances. These incensistencies are in addition to those which can
result from comparing projects using any of the above criteria with the
internal rate-of-return. [t was suggested earlier that there were
particular causes of these inconsistencies and it is now necessary to
amplify this comment.

}Necessary conditions for a consistent ranking by each of the criteria
are:

a, The reinvestment opportunities gpen o the benefits of
each project must be made explicit and fully utilized
in the evaluation.

b, The projects must have 2 common outlay as reckoned at
some point in time.

¢. The projects must have a common investment period.

Mishan proves that these three conditions, taken together are suffi-
cient conditions as well., If theseconditions are viclated in any project
appraisal, then the project ranking produced by the criteria outlined above
may be inconsistent. -

The cause of inconsistent rankings given by the different criteria is
attributable to the fact that the normal application of the metheds reguires
implicit assumptions which break one or more of the necessary conditions
for a unique ranking., For axample, the internal rate of return ¢riterion
implicitly assumes that the benefits generated by the investment can be
reinvested at a rate equivalent to the internal rate of return of the
project. If this is not true, an inconsistent ranking will result, In
addition, the internal rate of return criterion also assumes that all the
investments evaluated by it are of 2qual investment pericd. This may be a
further cause for non-unique rankings. The benefit-cost ratio assumes that

Ibid., p. 236
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all projects evaluated by it are of equal scale or size of outlay. If
this is not true of a particular case, then this assumption is equivalent
to assuming that the smaller project may be replicated by other projects
each of which generates a benefit-cost ratio equivalent to the project in
question.

Since there is really no strong objective means of establishing a
preference for one criterion above the others outside of the several comments
made above on the internal rate-of-return, it is important to establish a
procedure for gvercoming the inconsistent ranking problem. Fortunately,
such a procedure has been developed by Mishan! and is based on the above
necessary conditions. We proceed to a review of this procedure.

4.3.7 A Normalizing Procedure for Ranking Projects

The procedure for normalizing a set of projects so that valid and
consistent comparisons can be made with any criterion is based upan ensuring
that the above three necessary and sufficient conditions are not violated
in the process of project evaluation.

The first step (adjustment A) is to ensure that all projects have a
cosmon autlay. Performing this step in the normalization is sufficient to
establish a consistent ranking between the benefit-cost ratio and excess
benefit-over-cost ratio version of the NPV,

In establishing a common cutlay for all the alternatives, it will be
necessary, in most circumstances, to adopt the outlay assocciated with the
largest project., This will be the case unless all the alternativas are
divisible, i.e., that the largest projects cédn be scaled down to ejual the
outlay of the smallest project or the smallest projects can be scaled up to
equal the outlay associated with the largest project. In general, this
will not be true and it should not be assumed unless actual circumstances
warrant it. For all projects except the largest, there will be excess
funds not needed for putting the smaller projects in place. These excess
funds should be dealt with by assuming that they will be placed in invest-
ments in the private sector and there will earn the social opportunity cost
rate of discount, for our purposes, approximately 10 percent. Thus for
example, assume there are three projects, A, B and C which are divisible
and which cost $20 million, $13 million and $8 million, respectively.
Project A's outlay is adopted as common and projects B and C have $7 million
and $12 million, respectively, in excess funds not required for project
construction. These excess funds should be dealt with in the project

Ibid., chapters 35, 36
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appraisal by showing them as an outlay. The benefits they generats in

the private sector in which they sarn the social opportunity cost rate of
discount are shown among total benefits of the project. Having made this
adjustment, any of the ranking criteriz based on present discounted values,
i.e., net present value, discounted benefit-cost ratic and excess benefit
over cost ratio will give a consistent project ranking,

However, if the internal rats of return criterien were employed to
rank the projects, inconsistencies would still arise. Therefore, further
adjustmants are required. Referring back to the neceassary and sufficient
conditions for consistent ranking, we recall that one condition required
that reinvestment opportunities be made explicit and employed in the
analysis. This adjustment may require one or all of the following calcu-
lations {adjustments B):

i. Project benefitswhichmay be reinvested at a2 higher
rate of return than the social opportunity cost
rate of discount should be included among the
project benefits at the higher rate of return. The
term projaect bengfits rafars to the benefits which
result from the {nvestment project itself, exclusive
of the benefits attributed to the project under
normalization adjustment A,

ii. Project benefits accruing should never be reinvestad
at a rate belew the social opportunity cost discount
rate, i.e., 10 percent for British Columbia. ‘

i31.  Any project benefits which are consumed when they
accrue should be evaluated at the social time pre-
Terence rate of discount,

iv. Insituations in which project benefits do not accrue
in cash terms or in which political constraints
will not allow reinvestment, thie project benefits
should be assumed to have been consumed.

L]

The third and fourth adjustments above present a technical prohiem
since we do not know the sogial time preference rate of discount. As a
proxy measyre for this parameter, the real rate of interest on riskless
govermment bonds reported in the Reuber and ticnnacoit study is suggested.
This rate, currently anoroximatalv 9%, ¢ould be regarded as an uocer bound on
the time preferenca of socisty since, by its behavicur, society elected to
purchase the bonds by reducing current consumption. Perhaps the 'true'
scecial time preference is lower Dut without any other basis Tor selaction,
the intorest rate on goverrment bonds is suggestad. -
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Finally, it is necessary to adjust the projects for variatiors in
Tengths of investment period (adjustment C). Basically, any Tength may
be adopted provided that a length longer than that used for evaluation
would not result in ranking reversal. As a practical matter, in c¢rder
to ease the computational burden, it is suggested that the shortest invest- -
ment period of any of the projects being compared be adepted as tre conmnon
period, .

The final major change in procedure from more traditional prcject
evaiuation procedures is that the technigue of compounding gross benefit and
total cost streams forward to the terminal date is employed. The rate at which
the compounding is to take place is the social opportunity cost rate of
discount, It will be seen in the example to follow that the compcunding
procedure aids in effecting the normalization procedure by expTicitly
including reinvestment opportunities for the benefits of each project. Use
of compounding alsc implies that the investment criterion employed will be
based on compounded, or terminal values of benefits and costs. If TV(B)
and TV(C) signify terminal values of benefits and costs respectively, the
appropriate investment criterion for admissability is (TV(B) - Tv{C))>0.
Ranking should be done on the basis of (TV(B) - TV(C)).

4. 3.8 An Example of the Normalization Procedure

The example presented below is taken from that provided by Mishan.]

We use the compounding method and assume a discount rate of 20%.

Assume a set of projects A, B and C each with the outlays anc benefits
as given in the following table. Costs are designated as negative benefits
and are preceded with minus signs.

PROJECT TIME PERIOD
t t] t2 t3
A =20 15 16 -
B -100 - - 160

=45 351 -402 -

If the capital available for investment is at least as large as 1C0, we may
adapt this as the common outlay for performing adjustment A of the normali-
zation. Project A must then be subjected to design analysis. Can it be

U Ibid., p. 247 and passim.
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scaled up by a factor of five? Or c¢an it be replicated three times over?
Answers to these questions must be obtained. If there is no opportunity
for increasing the scale and if the market for the project output can
absorb only one investment of this size and type, then 8C must be assumed
to be invested in the private sector at the opportunity cost of capital
in that sector. For simplicity, assume that project A can be scaled up
to absorb an outlay of 100. The new figures for benefits and costs of
project A are then - 100, 75, 80,--, --.

For project B we assume a specific reinvestment opportunity at ti3,
which returns a net of 18 at t4q. The figures for project B are then
-100, --, --, 160, 18. Project C we shall also assume can be scaled down
to an outlay of_100 at tg. To determine the scaling factor, we sum 45
and 402 x 1 and divide 100 by the sum. The result is 0.31. Ue

1+.2 |
then multiply the project C fiqures through by the facter 0.31. The
normalized investment flows appear as in the Table 2 below.

Tablie 2: Project Evaluation
Using the TV(B)} - TV(L) Criterion

. . (8) (€)
T T Time Pe21od T S Compogunded Compounded
Project 0 1 2 3__ 4 _Benefits _ Costs (B-C) (B-C}/C IRR
-100 75 80 - - 244.8 207.4 37.4 37.4/207.4 251.1%
-100 - - 160 18 210.0 207 .4 2.6 2.6/207.4 20.4%
-14 108.8 -124.62 - - 188.0 207.4 -19.4 -1%/207.4 17.2%

Using a 20% rate of discount, we may now calculate the terminal value of
benefits and the terminal value of costs for each of the projects. These.
figures are given by the columns headed B and C, respectively, in Table 2
and are calculated as follows.

The terminal value at ty of the outlays on all the projects is the 4
same. The result of the calculation for the A project is 100 x (1 + .2)
A1l other projects would have a terminal outlay value of 207.4 since we
normalized the projects for this value,

The term1na1 value ofzthe benefit stream for prOJect A is the result of
75 (1 + .2)3 + 80 ( T 244.8.  The terminal value of the B stream is
given by 160 (1 + 2 + 18 (1 + 2)0 = 210.0. Project C's terminal

benefit value is 108 8 (1 + .2)3 =188, In these calculations, note

= 207.4.

L
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that the compounding procedure automaticaily applies the assumed reinvesti-
ment rate of 20% to the benefits. The alternative proccdure of discounting
to & present value would require different handling with more computation.

Having calculated the compounded benefits and costs of each project,
the terminal value of net benefit (TV(B) - TV{C)) and excess terminal value of net
benefit over cost TV(B) - TV(C) criteria may be applied directly. Ranking
TV{C
of the projects by these criteria is B, A, C with C beina inadmissable,

j.e., its net compounded terminail benefit value is negative.

The simplest criterion to apply is the excess terminal benefit

criterion (TV(B) - TV{C)). Using TV(B) E ;V(C) adds nothing new to the
TV{C

analysis since the ranking is the same in both cases. It should be noted
that present discounted value could be calculated from B and C in Table 2
above, simply by applying the discount factor /(1 + r)t where r is the
social cpportunity cost rate of discount and t is the number of periods
over which discounting takes place. Again, however, this adds nothing since
the ranking by any present value criterion is the same as the ranking by the
terminal (TV{B) - TV(C)) value.!

The values of the internal rate of return presented in Table 2 above
were calculated in a manner somewhat different from the usual interest rate
of return calculation. The difference is this: rather than discounting the
benefits occurring cach period by the factor 17{(1 + IRR)t where the meaning
of IRR is obvious and t is time, the compounded value of the benefits, B
from Table 2 is multiplied by the factor 1/(1 + IRR)L and set equal to the
initial outlay. Thus, instead of solving

75 + 20 = 100
(1 + 1IRR) {1 ¥ IRR)?
for IPR of project A we solve

75 (1+ .2)3 + 80 (1+ .2)2 _ 440
(T + IRR)%

The resulting IRR has only one value and is interpreted as an average rate of
return.

See Appendix B for an example.
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GUIDELINES ON PROJECT NORMALIZATION AND RANKING CRITERTA

1t is necommended that the following procedures be employed in ranking
projects in Buitish Columbda:

iv.

The nowmalization procedure established above should be
golleowed. This requines explicdit recognilion of rednvest-
ment opportunities, in addition to developing common outlays
and common {nvesdiment periods forn all profects Zo be
compared with one anothen.

Unless a specific reinvestment oppontunity L& open to Zthe
project benefits of a particuwlar project (and unfess] Lhis
opporntunity eanns moxe than the socdal opportunily cosit of
capital in B.C. {10%}, Zhen all reinvestment L5 Lo take
place at this socdal opportunity cost rate.

Profect beneddits consumed when they accrue oa constrained
fhom reinvestment by goverament policy, should be compounded
forwand at a rale which approximates the nishless government
bond nate - 9%. -

The necommended ranking criterion is TV(B) - TVIC), although
any of the ranking erdiiernia discussed above may be employed
ajten the nommalization L& perfoiuned.



CHAPTER 5

OPTIMIZING THE SELECTED PRQJECTS

5.1 Introduction

As emphasized in chapter 1, benefit-cost analysis is most
properly used in a comparative context wherein a range of
different methods are available to suppiy a product or service.
For example, in generation of electrical energy the project
analyst should consider the traditional methods of hydroelectric
and thermalelectric generation, but in addition should also
consider the less traditional methods of nuclear, geothermal
and perhaps even wind or tidal generation. The procedures and
guidelines for evaluating structural alternatives for meeting
the objective have been the subject of the previous chapters.
Another class of structural alternative is a change of design,
scale, timing and seguencing of any of the structural alternatives
such a2s mentioned above. The topic of the present chapter is
development of the methods of optimizing projects by consideration
of the design, scale, timing and sequencing of the project{s)
available for consideration.

5.2 Structural and Non-Structural Alternatives

Before launching the discussion of project optimization a
few comments on consideration of non-structural alternatives are
in order. HNon-structural alternatives are defined as those which
do not require additional physical facilities construction in
order to meet the objective. For example, in the electrical
energy generation field, pricing could be considered a non-structural
alternative. Alterations to the pricing structure could lower the
total demand or its temporal composition. This could have the
effect of delaying or eliminating the requirement for the project
being considered. A flecod control project consisting of dikes,
canals, etc. has the non-structural alternatives of flood
insurance, flood plain zoning and flood proofing of buildings which
should be considered in addition to the structural alternatives.
Bringing these aiternatives into direct comparison with the
structural alternatives may well indicate that non-structural
alternatives are the most efficient means of meeting the objective
in terms of the criterion laid out in chapter 4.

The inclusion of non-structural alternatives implies that in
instances where there are such non-structural alternatives the
analyst may be considering private alternatives to public projects.
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The costs of a flood insurance program, for example, might

be borne by individual property owners in the flood plainarea.
Since the viewpoint remains unchanged in considering private
alternatives, no ¢hanges in the procedures or guidelines
develcped above or below are required.

GUIDELINE:
Wherne non-stwetunal allenatives are available,

these must be included among the nrange of coptions Lu be
considered in the analysdis of means of meeting the obfective.

5.3 Optimizing Project Design and Scale

5.3.1 Introduction

Evaluation of alternatives carried to this stage of
analysis may well have resuited in the identification of
one or mere alternatives which Took particularly attractive
through all stages. O0r, possibly there may have been only one
or two alternatives available when the analysis began. In any
case, more detailed project design and costing will be required
in order to select the optimum project type. A re-examination
of the benefits generated by a redesigned project is aise
required.

5.3.2 0Optimizing Scale for the Non-Staced Project

Capital projects are typically very "lumpy”., Some projects
may, however, offer the possibility of staged development where-
as others may not. The rules for determining optimum scale will
be equivalent for both types of projects but with a project
requiring staging there are additional considerations to take
into account.

A non-staged capital project is one which achieves jts
designed capacity upon commencement of operations without any

Howe, Charles W. Benefit-Cost Analysis for Water System
Planning, American Geopnysical Jnion, Washington, D.C.,
1971. Much of the material in this and the following
chapter is derived from Howe, chatper 6.

L
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opportunity for later expansion. The rule to be employed in

this circumstance is 2 straightforward application of the
marginality rules of economics. If the total benefits and

total costs of a project can be expressed as being dependent

upon the size of the project then marginal benefits and

marginal costs are the additions to total benefits and costs
caused by an increase in the size of the project. Since we are
dealing with time streams of benefits and costs it is necessary to
put the various time streams on a common footing. If we employ
the compounding procedure recommended in the previous chapter

and refer to TV(B) and TV{(C) as terminal vaiues of total benefits
and costs, respectively, the scale optimizing rule is

MTV(B)S = MTV (C) s

in which M stands for marginal and S refers to a particular
project size. The variable § is 1ikely to be discrete which
means that the MTV{B) and MTV{C) variables are also discrete.
The analyst should select a value of S which reflects his hunch
as o that S-value which equates MTV(B) and MTV(C). Values of
S which bracket the hunch value of $ (one higher and one lower)
should be used to calculate MTV(B) and MTV(C) and thereby
confirm or refute the analyst's hunch that he has chosen the
appropriate S-value. If size has more than one dimension the
rule stated above must be applied to each dimension.

The rule developed above is to be applied to a project
considered singly. If a series of projects are being considered,
all of which will be constructed, the benefit-cost analysis is
undertaken for the purpose of ranking the projects to determine
the optimal sequence of project development. In this situation
a different rule over-rides the rule stated above. If the
. objective is to maximize the net bernefits of the sequence of
projects and if the projects are ranked according to terminal
vatue of net benefits, the following rule should be applied

MTY(NB) ! = MTV(iB)E = ..... .. = mrv(ng)N

where NB signifies net benefits (TV(Bjs - Tv(C)g) and the
superscripts N refer to the projects. It is understood that
changes in MTV(NB) are brought about by changes in S.
Application of this ruie will insure that the net benefits of
the sequence of projects is maximized,
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GUIDELINE:

The nule jor detewndinding the opiimal sdze of a
single profect should be to optimize all dimensdons of the adze variable
{e.g., heigint of dam, area of neseavoirn, Length of pensiochs,
ete.). This nule 44:

MTV(B)g = MTV(C) g

Forn a sequence of projects, all of which will be undentaren Lhe
aule L4:

MTY(NB) Y = MTvee)e = ... ..., = Mrv(ne) ™

5.3.3 Optimizing Scale for a Staged Project

A project may be divisible in the sense that its output
may be expanded by additions to capacity as demand grows over
time. An example of this type of staging opportunity is the
installation of additional generators in 2 hydroelectric facility.
Given knowiedge of the growth path of demand for the proposed
project's output, the relationship of cost to size of the total
facility and at each of its stages and knowledge of certain technical
aspects of the problem, the guestien is to determine the optimal
size and timing for each increment in the project.

In attacking the problem the analyst is faced with three
conflicting sets of circumstances:

i} Economies of scale may frequently be present. Thus,
increasing project size may be desirable on these
grounds.

ii)  Given the pattern of demand and assuming that the
facility is built to meet some future demand level,
the larger the facility the larger the cost of
excess capacity in the project.

iii) It may frequently be desirable to maintain flexibility
so as to make adjustments to changes in demand,
general economic circumstancas, etc. The general
nature of the problem then is to achieve the optimal
balance between the added costs of excess capacity
resulting from the addition of increments to the
project and the lower costs associated with sconomies of
scale.
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Very simple problems of this type can be solved with
calculus. More complex problems must be solved with the aid
of numerical analysis methods, in particular the appliication
of the computational technique provided by dynamic programming.
Nejther of these methods is appropriate in view of the
resources available to and constraints facing most government
departments and Crown corporations. In lieu of more
sophisticated techniques, trial and error calculations are
recommended. With knowledge of the growth path of demand and
the cost of additions as a function of the size of the
additions, the analyst can, by repetitive calculation, find
an approximately optimal solution by seeking to minimize the
terminal value of costs over a relatively short time horizon,
(say, ten to twenty years).

GUIDELINE:

Approxdmately optimal scale and siaging of a
divisible project can be achieved by repetitive caleulation
of the tewninal value cf costs fon each stage of the project.
That staging which mindmd zes the termdinal value of coszts given
Zhe demand gon the outpul of the profject {8 the optimal staging.

5.4 Optimal Timing of Project Construction

Investment is a dynamic phenomenon. While the investment
criterion recommended in this manual explicitly recognises that
benefits and costs accrue over time, it does not account for
the fact that the value of the criterion itself may change if
different construction starting dates are assumed. The causes
of the potential changes in the value of the criterion are due
to some of the topics we have discussed in earlier chapters -
changes in prices andcosts, changes in income, tastes,
technology and a variety of other elements,

Marglin has deatt with_a variety of complex cases involving
optimal timing of investment.] A.S. Manne has deait explicitly
with the optimal timing of construction in the presence of scale

1
Stephen A. Marglin, Approaches to Dynamic Investment
Planning, {Amsterdam North Holland Publishing Co., 1963).
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economies,1 Rather than review this work in detail the reader
is$ referred to it as the need arises.

One rule which can Be applied in a fairly wide variety of
cases is the foilowing. I[f

i)  the costs of indivisible projects or increments
are independent,

ii) marginal benefits do not increase with the scale
' of the project but do increase over time,

iii) construction periods can be ignored, and

jv)  the shadow price of capital reflects the
appropriate opportunity cost.

- then the optimal scheduling results can be achieved by starting
each project or increment for construction the first time the
project shows a positive terminal value, with the terminal value
of benefits always computed on the (incorrect) assumption that
the then current benefit rate will continue indefinitely.

The most stringent of the above conditions is the
requirement that the cost of indivisible additions to a project
are independent. In most projects cost independence will not be
complete but will be & matter of deqree varying from one case to
another. The analyst will accordingly be required to make a
judgmental decision as to whether the degree of cost independence
in the particular project{s) he is working with is sufficient to
break the condition,

The important point to take away from this discussion is

1
Alan S. Manne,"Capacity Expansion and Probabilistic Growth', Econometrica
Vol. 29 No. 4( October 1961) pp. 632-649.

2
Marglin, p. 78.
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that naive application of the criterion recommnanded in chanter
4, i.e., terminal value of net benefits may not only result

in sub-optimal outcomes in relation to the proiect's potential
but may indeed nive the wrono answer with respect to that
project. HMarglin develops an example in which the application
of the investment criterion in a 'to build or not to build'
sanse results in the 'reiection' of the project for present
construction but 'acceptance' of the project for construction
five years hence when the ontimal decisjon is,in fact, to delay
construction for ancther fifteen years.] The example js an
extreme case but illustrates the possible errors which can be
caused by simplistic apnlication of the invesiment criterion
without consideration of the dynamic nature of investment,

In practical terms it may not always be possible to carry
the timinag of investments to their optimal point. Other
considerations such as the perceived need for the project cutput
may force earlier construction than dictated by ootimality rules.
Nevertheless, whether or not optimalitv rules are used to
determine actual construction schedules the project evaluation
should include analysis of optimal construction timina.

GUIDELINE:

An analysis of the optimal Limine of profect
construction sheuld accompany the project evaluation. At a
mindmum this analusdis should contain the results of a number o
riakl and ernron calewlations ¢4 the Teaminal value of net benenits
rechoned at the same tewninal dete asswming a number o4 different
starting dgtes. Mong detailed analysis following that develfoped
by Hanglin® on Manne” may be emploged as an alfeanative fo Zhe

above.,
5.5, Pricing the Outpout of Public Proijects
5.5.1. Pelationship Retwaen Pricina and Investment Decisions
1
1bid., p. 77.
2

Margiin, Supra, p. 77.

3
Manne, Infra.
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Investment decision making and the pricing of the output
of the investments are such closely related is?ues that it
would appear unnecessary to state the obvious.' Yet in practice,
pricing is a commonly neqlected aspect of investment decision
making. In these Guidelines the pricing question will be discussed
primarily from the anale of the issues and implications of
pricing to achieve certain given objectives. The enaineering
economics of the project itself (size, scale economies, etc.) will
affect the pricing of the output from the project or system
and must therefore be part and parcel of this discussion,
Inasmuch as the price of the output directly affects the quantity
of output demanded per time period as well as the growth of
demand over time, the scale and timing of the project should he
considered simultaneously with the ocutput oricing. Lack of
consideration of pricing can result in project planning being
'‘out of phase' with the actual course of events as the project
is used; e.qg., outout capacity of the project may become fully
comrii tted earlier than planned, or vice versa. Therefore,
pricing the output of a public project should be viewed as an
aid to achievina a properly planned and successful public¢
project.

5.5.2. Pricing Decisions In Imperfect Markets

The efficiency pricing rule of market price equal to
marginal social cost of production which follows from aeneral
equilibrium and welfare economics holds when all markets are perfect.
This rule gives a context to the term efficiency, i.e., and optium
allocation of productive resources in all markets such that any
other allocation will result in a lower level of welfare for society.

The Canadian economy does not meet the economist's ideal
perfect market in most sectors. In fact, it would be exceedingly
difficult to locate a sector in which markets were substantially
perfect in this sense. Question then arises as to the degree to
which we may rely on the efficiency pricing rule even if we
wanted to. Important work alona these lines has been done by
Lipsey and Lancaster.?Z These researchers found that if prices
were in excess of marginal costs in one market by say, k, percent,

1
In private industry it would be considered unthinkable not to
accord pricing analysis and market surveys equal status with
manufacturing and technoiogy considerations.

2
Lipsey, Richard G. andKelvin J. Lancaster, "The- General
Theory of Second Best", Review of Economic Studies, 1951.
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general economic equilibrium (and the highest attainable Tevel

of welfare) could be restored by ‘'correcting’ prices in all

other markets by raising them above marginal costs by k percent.
The solution to the one imperfect market case is simple enough,
However, most markets are imperfect to varying dearees. There-
fore, attempts to follow the marginal cost pricing rule in one
market may or may not be appropriate. The only means of
determining a ‘correct' marainal cost price for that market is

to determine ‘'correct' prices for all other markets -

practically speakina, an impossible task. While 'fine tuning!

of marginal cost pricing to the theoretical ideal is an impossibly
large task, some progress towards imnroving resource allocation
can be made by rough and ready pricing schemes which distinguish
between marginal costs of operatinag the capacity in place and the
marginal costs of large additions to new capacity. Generally
speaking, if society suceeds in building its best projects first
(best projects are least cost projects) we should expect that costs
of new source deveiopment will be increasing. In section 5.5.4.
below an outline of a pricing scheme which makes the distinction
betwaen marginal capacity cost and marginal operating cost is taid
out.

5.5.3. Objectives of Pricing

Fundamenta?]y prices are charged for the output of public
projects because it is generally felt that it is soc1a11y
desirable for those who benefit by consuming the project's out-
put to pay the project's costs. Society also wishes that
the output of its public projectsbe put to the highest valued
uses, If prices are related to the full costs of providina the
product or service then only those activities aenerating
sufficient return tc pay the full cost can command units of
output of the product or service. This helps to insure that
project outputs are not wasted with higher valued activities
found wanting while Tower valued activities receive ample
suppiies of the output.

Appropriate prices will als¢ insure that, based on the out-
put price the quantity demanded by consumers is consistent with
their marcinal valuations of the product or service in the uses
to which it is put. The result is that the project will be of
approximately the correct scale thus reducing the potentially
heavy cost of idle capacity.

As we shall see in a followina section, the demand patterns
for many publicly provided qoods or services vary markedly
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according to time of day, or season of the year, e.gq., municipal
water suoplies, transit services, irriqation water and power
generation., These noods and services all experience praking

of demand. In order that individuals seek the socially least
cost solution to their situation, orices should refliect the

cost differences involved in providing the cood or service during
times of peak and off-peak demand.

While prices which direct allocation of resources to their
highest and best use insure that society maximizes its
consumption opportunities, it must be recognized that there may
be ather (and sometimes conflicting} objectives which saciety
wishes to reflect in its investment and pricing decisions. This
particular issue will be taken up in agreater detail in the
following chaptar. 1In the context of this pricing discussion it
is sufficient to note that pricina decisions have equity as well
as efficiency ramifications in that they detsrmine the relative
distrihution of benefits between consumers of the nproject output
and the public at large. An extension of this argqument and 2
frequent objection to full cost pricing is that the poor wilil be
disadvantaged relative to the rich since higher prices will fall
more heavily on them. This of course is true no matter what prices
are charged and the typical response is to suggest that if income
distribution or re-distribution is a concern there are more
efficient means of accompllsh1qq this objective, e.q.,
subsidization of 'merit wants.

5.5.4. Conclusions and Recommendations

Investment decisions and pricing decisions must be based
upon the same objectives. While the relative priority of the
economic efficiencvy objective as measured agqainst other
ocbjectives is ultimately a political decision, efficiency
pricing has strong appeal. I[n view of the conventicnal wisdom
which has it that rescurce development projects in the public
sector are not the optimal means of redistributine income and in
view of the limited empirical evidence which suagests that public
projects have been only mildly redistributive, we favor
efficiency pricing of the output of public projects. With
efficiency pricing society’s resources are more optimally

Merit wants may be defined as goods or services which improve

the general welfare and which could be {and frequently are) provided
by the private market; e.q., educaticn, health, housing. The
gssence of the '‘merit want' fdea is that they can be publicly
provided in amounts areater than would be justified by reference

to private market incentives,
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allocated (ianoring 'second best censiderations) with the result
that & qreater surplus sheuld be available to the qcvernment for
explicit redistrihution, if desired. A nricirg scheme desicn$d
with the above conclusion in mind has the following elements,

The first step is to establish ceveral cost distinctions
necessary for construction of efficiency prices.

i. The capital costs of expansion of output
with existino capacity shcouid be senarated
from the capital outlays reauired to
develop new sources of supplv.

ji. Costs of new source development.

iii. Operating, maintenance, and repair costs for the-
current system and for the new system if advances in
technolcay are incorporated.

iv. Administrative and cther overhead costs.

The distinction drawn in i and ii above is clear for water
rescurce and similar rescurce develcoment options. For further
processing and manufacturing facilities the distincticn applies,
mutatis mutancis - new supply scurces would be new plant capacity
whereas expanston cf supply with existing supply sources is
~ecuivalent to instzlling a new machine in an existing plant
facility.

The 3-part pricing structure based on these cost distinctions
is as follows.

i. A plant investment charqge based on 1 above. The
plant investment fees would be based on the costs
of reasonably-sized additions teo the svstem. The
charge should be graduated according to the dearee
of peaking of demand (if any}. In the case of an
extension of service to a2 new area, the ceveloper
would pay the charge which would then be built
into the price of land in the area.

1
Howe, np. ©8-100. Howe suqaests this as a scheme for
pricing urban water supplies but the principles apply to
all types of projects with peaking demanc characteristics,
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i1. An increasing block rate structure based on auantity

¢onsumed which is desioned to cover the marginal
costs of new source development plus operating,
maintenance and replacement c¢osts.

ii§. A fixed charge added to each customer's bill tn
cover administration costs.

GUIDELINE:

The guideline on paicing structures L5 sdmply a sirong
recommendation to consdider pricing both in the design and
operation of capital facilities. FEmphasis upon efiicliency
in comsTwetion of public projects and in pricing of he
output {» of puimay impontance, all things consddered. An
outline of a 3-part pricing Acheme which would make some
proghess toward achieving efidlclency has been put fomvard.
1¢ can be adapied to many o4 the Lypes o4 projects which aze
how under conslderation and others which will be under
consideration {1 the fuitune.



CHAPTER 6

PROJECT EVALUATION
IN THE CONTEXT OF MULTIPLE OBJECTIVES

6.1 Introduction

Historically, most project evaluations purported to be concerned
primarily or solely with economic efficiency. However, upon closer
examination it becomes clear that these project evaluations were
concerned with only a subset of the icsues involved in resource allocation
based upon econcmic efficiency rules. There are two areas of departure
of traditicnal benefit-cost analyses purportedly based on economic
efficiency from what might be termed conceptually pure economic efficiency
analysis, for want of better terminology.

i.  The existence of imperfect markets

ii.  Neglect of the assumptions from which economic
efficiency rules are derived.

The first area of departure can be dealt with most brief1y1]
The problem involved here is the 'general theory of second best' in
technical jargon. This simply means that the marginal conditions for
maximum welfare (price equal to marginal social costs in all markets,
etc.) are not met in one, some, or all markets. Typically, this
departure from the conditicns defining a welfare maximum for society
has been ascribed largely to a departure from the perfect competition
model. That is, firms or other institutions gained market power and were
able to exhibit behavior other than profit or utility maximizing behavior.
The result is a less than socially optimal allocation of resources. To
be fair, economists have recognized this source of departure explicitly
since the publication of the Lipsey/Lancaster articlie in 1957.2 Recognition
of the problem does not of course constitute a solution to the p-oblem.
There is_some on-going work on the measurement of the welfare cost of
monopoly3, but there has been 1ittle work on how benefit-cost analysis
might be altered in the empirical context of imperfect market structures.

1 See additional discussion on this topic in Chapter 5, Section 5.2.4.2

2 Lancaster, K. and R. Lipsey, "The General Theory of Second Best", Review
of Economic Studies, 1957.

3

Harberger, A.C., "Monopoly and Resource Allocation", American Economic
Review, May, 1954, pp. 77-87; and Harberger, A.C. "The Measurcment of

Waste™, American Economic Review 54 (May, 1964) pp. 58-76.
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The theoretical benefit-cost Titerature usually deals with this issue by
describing the problem, The benefit-cost manuals and actual benefit-cost
studies either ignore the praoblem or make referen?e to the problem and
then continue as though there were no difficulty.

The second and possibly more serious point of departure is neglect
of the assumptions of the model employed to derive the efficiency rules.
Some of the assumpticns relevant t0 the current discussion are:

i. The distribulion of income in society is taken
as given.

ii. The consumption of goods and services by one
individual reduces the total amount available
for consumption by others.

iii. There are no spillover effects in production or
consumption.

iv. No interpersonal comparisons of 'utility' can
be made.

v. The demand curves for all goods are negativéTy
sloped, 1.2., people do not buy & good because
it is more expensive and appeals toc snobbery.

The failure by practitioners to be explicit about these assumptions
and the failure to fully inform decision-makers and other professionals
as to the limitations of analyses based on these assumptions, combined
with benefit-cost analysis being held out to be the public decision-
making tool, has curried an unfavorable reputation both for the tcol
itself and for economists who recommend its use. This reputation is not
entirely unjustified in many actual cases. To make some progress toward
the redress of this situation, it is proposed to deal directly with the
above assumptions in a multiple objective planning framework.

Before moving on to a discussion of the methods of incorporating
multiple objectives into a decision framework based on benefit-cost
analysis, it is desirable to emphasize that, conceptually, the definition
of economic efficiency could be broadened if it were feasible to measure

all the external effects of producticn and consumption, if it were possible

1 This document is an example of the latter procedure.
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to make interpersonal utility comparisons, etc. Thus, the fundamental
problem with a single but all-inclusive objective is not a problem of
concept but rather one of measurement.

6.2 Types of Benefits and Costs

The types of benefits and costs which will be encountered in any
project evaluation may be conveniently classified into three categories:

i. Benefits and costs for which market prices exist;

ii. Benefits and costs for which market prices do not
exist but for which values can be established by
imputation and market simulation;

iii. Benefits and costs for which no market prices
exist and for which no meaningful valuation
could be established by imputation or simulation.

With the caveats noted in the previous section, it is roughly
correct Lo state that what is normally construed to be economic efficiency
covers the benefit and cost categories i. and ii. Recent heightened
awareness of, and concern for, environmental quality, populaticn growth,
quality of 1ife, etc., have rendered the historical emphasis upon economic
efficiency somewhat narrow minded. Thus, a modified public decision-
making tool must be developed to explicitly incorporate the brcader
issues of concern to society which were previously left to take
care of themselves.

Question then arises as to precisely what are the additicnal
objectives which society is attempting to attain. It is quite likely
that the objectives are diffuse, not well articulated, possibly conflicting
and not well understood. In this atmosphere it may be presumptious to
attempt to identify the objectives spacifically. However, it is
reasonable to state broad categories within which most specific objectives
would fall. The Water Resources Council in the United States fas already
covered this ground and has identified the following broad categories of
objectives:2

Howe uses four categories by breaking our category i. into non-price
supported commodities and price supported commodities. Generaily, we
regard this distinction as unwarranted in view of the degree of
imperfect competition in all sectors of the economy.

2 Water Resources Council
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i. To promote economic development;

ii. To enhance the quality of the environment;
iii. To enhance social well-being;
iv. To enhance regional economic development.

If public policy is to embrace all these objectives simultaneously,
we can proceed to a discussion of the means by which the contributions
to the attainment of these objectives made by various projects can be
evaluated.

6.3 Multiple Objectives and Project Design :
and Selection

There are fundamentally two pro?edures for incorporating multiple
objectives intoc a project evaluation.' A third procedure is derived by
combining elements of the two basic methods. One procedure involves
designing the project to achieve maximum provincial economic efficiency
subject to certain physical quantitative constraints on the level of
distributional {regional development and social-well-being) and environ-
mental impacts of the project. The other method is to design and evaluate
several alternative projects with a wide range of different degrees of
attainment of each of the four objective areas. Still another method -

a variation on the second procedure - is to design the project so as to
achieve maximum economic efficiency and then evaluate alterations to the
project which achieve other objectives. In this procedure, the costs

of the design changes (reduction in TV(NB) are viewed as the opportunity
cost of the degree of attainment of some non-efficiency objective. Viewed
in this respect, the political decision-makers can determine in a subject-
ive fashion whether the degree of attainment of that particular objective
is justified by the added cost of the alteration. A more detailed
discussion of each of the procedures follows,

6.3.1 Maximizing Economic Efficiency
Subject to Constraints

In applying this procedure, the analyst begins with the assumption
that there are project outputs or impacts which cannot be evaluated in
monetary terms. Some of the impacts are quantifiable in physical terms,
while others may well not be quantifiable at all. This presents the first
problem in applying this procedure. Minimum acceptable levels of 'goods'

1 Howe, p. 30
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and maximum acceptabie levels of 'bads' must be specified before the
project design can proceed. Superficially, this appears to be a technical
problem, e.g., specification of minimum water flows, maximum levels of
contaminants in air or water, but fundamentally it is also, and perhaps
largely a political and administrative ;mt;b]em.‘I This point will be taken
up in more detail shortly. Assuming for the moment that levels of ‘'goods’
and 'bads' generated by a project may be specified and ignoring the probiem
of how this would be accomplished administratively, we may proceed to
complete the description of this method. With the design constraints
specified, the project engineer then designs a project which meets the
constraints but promotes economic efficiency to the fullest poss’ble extent.

This type of design procedure will require close cooperation between
the design engineers and the economic analysts who will be evaluating the
project. This is one of the desirable features of multiple objective
planning for it sensitizes each of the various technical experts to the
problems and reguirements of others.

Howe develops the following hypothetical example of this procedure.2

"The development of a power site is being considered. The power would be
used hy a city or power grid considerably removed from the dam site and
reservoir, but it is also determined that any recreational and flood
control benefits would accrue to the residents of the immediate area of
the site. To provide compensation to persons whose 1ives would be dis-
rupted by the construction and existence of the project, the Tegislature
or other relevant poiitical decision-making body determines that x dollars
of recrecational and flood control benefits {or perhaps an amount equal

to y% of power bepefits) should accrue to such parties. Furthermore, the
same decision-making body specifies that, for esthetic reasons, the
maximum allowable drawdown should be z feet and that all timber and trash
should be removed from the reservoir site to a contour k feet below mean
pool level. These requirements then would constitute quantitative con-’
straints under which the project designer would be cbiigated to work,

He would then presumably proceed to Tocate the dam, determine its height,
the size of the spillways, the Tength of the penstocks, and so on to
maximize economic efficiency from the appropriate accounting stance."

For some types of physical impacts, existing legislation may have
already established the minimum or maximum acceptable levels of certzin
impacts. This is particularly likely in the area of water and air
pollution. For cases in which legislation is in existence, the quanti-
tative constraints specified should be those dictated by the legistation.

! In a jurisdiction with a relatively complete complement of requlatory
legisTlation, this method might work well since, presumably, tne
legistation would set the standards.

2

Howe, p. 31.
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Constraints covering project impacts which are not the subject of legi-
slation must be determined through a technical-administrative process

with the knowledge of, and final approval of, the political decisicn-
makers. Approval by political decision-makers is a very important

step in the process because establishment of 'acceptable’ levels is more
than a technical matter as asserted earlier. Technically acceptable
impact levels and socially or politically acceptable levels might well
diverge. Additionally, there may be serious knowledge gaps in the
technical information available which make establishment of levels on
technical grounds very difficult. A relevant contemporary example is

the controversy over the degree of safety associated with generation of
electric power through thermonuclear processes. A political decision-
maker might rightly ask himself, quite apart from technical considerations,
is public concern for the safety of such devices so acute that an outright
ban is warranted or should selective constraints be applied?

The final step in the application of this procadure is to gain
some knowledge of how the efficiency results would be affected if the
constraints were relaxed in some measure or perhaps totally. This is
again an exercise in sensitivity anmalysis. The method is to relax each
constraint one at a time and monitor the effect of the relaxation of the
constraint on efficiency net benefits TV(NB).

6.3.2 Creating Alternative Designs with Differing
Weights on the Several Objectives

This method beains with the presumption that there is little or
‘no legislative direction to assist in establishing acceptable levels
of “goods' and ‘bads' generated by the project. Essentially, the idea
is that the project engineer designs a variety of alternatives, each of
which, based on his experience, is intended to emphasize cne of the four
objectives. This method will be rather hit and miss inasmuch as each
designer will have his own ideas as to what constitutes a project which
emphasizes environmental quality or social well-being, for example.
With a variety of projects designed.and evaluated, the political decision-
makers are then presented with a variety of alternatives from which to
choose. This is in contrast to the more common situation in which a build
or no-build decision faces the political decision-makers.

6.3.3 Multiple Objective Planning Through Application
of Opoortunity Cast Concepts

The procedure to be described below actually represents an amalgam
of the two methods described above. It is different in that it renders
the sacrifice of efficiency in order to meet other objectives explicit
to the analyst and policy-maker. In other words, the reduction of
efficiency benefits via design changes to meet non-effi¢iency objectives
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is viewed as a minimum value which the non-efficiency benefits must exceed in
order for the design change to be acceptab1?. The method may b2 described
in greater detail by the following example,

Having chosen a public investment program which represents the
most efficient use of a2 given resource base, it is necessary to account
opportunity costs associated with provision and protectien of non-monetary
values associated with non-efficiency objectives.

Assume the following hypothetical scenario, On strictly efficiency
grounds, the Fish Development Corporation, a Crown corporation set up by
the Government of Ruritania, has decided to regulate the flow of the
Rurita River. The project is multi-purpose, providing for fish production,
navigation, flood control, recreation and relief of regional unemployment.
The project is assumed to consist of the following components, namely
dam, reservoir, Tish enhancement facilities, recreation facilities and
navigation works. Account has also to be taken of adverse impacis on
non-efficiency objectives (i.e. objectives which cannot be stated in
purely monetary terms). Adverse impacts are foreseen on environmental
and social well-being values (e.g. distribution of enhancement
windfalls to high income fishermen, inundated portions of the
upstream vailtey contain a unique and valuable ecology, some homasites
are inundated, etc.) Further, accourt should be taken of possible
ennancement of intrinsic benefits through modification of the p-oject.
Non-efficiency objectives can therefore appropriately be introduced. The
costs of meeting such objectives in terms of income foregone can then be
weighed against the intrinsic benefits provided.

The case of the Rurita River outlined above can be usefully developed
to illustrate the procedures involved. The first step of the analysis is
to illustrate the income maximization alternative which emerges from the
process described in Chapers 1 through 5 above. Step two consists in
illustrating an alternative constrained by ncn-efficiency objectives.

The project purposes and components are assumed to be as outlined above.
It is decided, in discussion with the decision-makers, that the following
ctasses of intrinsic benefits should be subsumed under non-efficiency
objectives:

{a} Environmental Benefits

(b) Social Well-being Benefits, and

! Reid, D.J. "Evaluating the Costs of Opportunities Foregone”, & paper

prepared for the Yorking Group on Benetit-Cost Analysis, B.C. Hydroc and
Power Authority, January, 1975, mimeo. Changes in tho example have
been made to maintain consistency with guidelines recoumended elsewhere
in this document.
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(c) Regional Benefits

Tables 1 - 3 display the unconstrained income maximization alter-
native with terminal vaiuve of gross benefits, terminal value of total
costs and terminal value of net benefits shown in succeeding tables.
Benefits are shown to have a terminal value of $800 m. Cgsts amount
to $500 m., The terminal value of net benefits is, thus, $3C0 m.

Tables 4 - 6 display a development alternative which allows for
protection and enhancement of intrinsic values associated with the
environmental, social and regional well-being accounts., Tables 1 and 2
assume that the project is modified to preserve and enhance such values.

Table 4 shows the changes in efficiency benefits which result from:

L]

i. Environmental and Social Well-being Preservation

a) The dam is lowered to flood out fewer people
and to protect ecologically valuable upstream
areas.

b} The reservoir is regulated to prevent ugly mud-
flat formation and to enhance recreational oppor-
tunities. '

¢) The reservoir is stocked with sport fish.

ii. Social Well-heing Enhancement

a) Flood protection program is to be aimed at
low income farmers on marginal Tands in keeping
with income distribution objectives.

b} A program is established to give a larger
share of the catch to low productivity fisher-
men than would be justified by efficiency
criteria,

jii. Regional Well-being Enhancement

a) A programme is established to hire and train
more local unemployed lakor than would be
justified by efficiency criteria.
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As a result, flood control, navigation and fish benefits are somewhat
reduced while recreation and employment benefits are increased. In
all, total income benefits are reduced from $800.0 m. to $750.0 m in
terminal value of net benefit terms.

Table 5 shows the impact of non-efficiency objectives on costs.
Basic investment costs, the cost of achieving efficient design without
regard to adverse impacts on non-efficiency objectives, now undergo
some change. A lower dam requires lower construction costs and Tower
pronerty acquisition costs. The fload control, navigation and fish
enhancement facilities also cost less under newly-specified labor
intensive methods. Only the efficient amount of recreation facilities
to be provided at the reservoir site now costs more to provide. OQperation
and maintenance costs are assumed to remain unchanged. However, additiona)
costs are specified in consultation with decision-makers, to protect
and enhance intrinsic values. A whole range of costs of this type have
been included under the heading 'mitigaticn costs'. They rance from land-
scaping the enhancement facilities to additional, market-determined
compensation payments fo evicted local residents. As a result, total
income costs are raised from $500.0 m. to $595.0 m.

The terminal value of net benefits are reduced from $300.0 m. to
$155.0 m. as shown in Table €. The opportunity cost of achieving non-
efficiency objectives with respect to protection and enhancement of
intrinsic values is thus $145.0 m. Total income reduction can be shown
to be divided among the non-efficiency objectives as follows:!

$m.
Environment - 104.0
Social Well-being - .0
Regional Development + 30.0

TOTAL INCOME REDUCTION - 145.0

Whether the intrinsic benefits provided in the forin of environmantal,
social well-being and regional development values are worth more or less
than the income roregone is left to the judgment of the decision-maker.
1f the cost is decided to be too high, then the expectations with respect
to non-efficiency objectives can be scaled down. A satisfactory solution
might only be achieved after several iterations. .

For example, the environmental objective reduces income by $45.0 m.

and raiscs mitigation costs by $72.0 m. Construction costs, however,
are reduced by $26.0 m. in total and this is divided between the
environmental and social well-being objectives in proportion to benefits
provided. Thus, cost of meeting the envirunmental objective is $45.0 m.

+ . . - .
$74.0 m _g%_g ($26.0 m.) = $104.0 m.
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UNCONSTRAINED INCOME MAXIMIZATION
50 YEAR ANMALYSIS, HYPOTHETICAL DATA

QUTPUT CATEGORY

Fish Production

(a) Example Project

(b) Downstream Benefits
to Existing Projects
A, Band C

Flood Control and
Navigation

Recreation

Unemplovment and
Underemployment
Renefits

TABLE 1

TABLE OF BENEFITS

EVALUATIQN BASIS

Cost of best alternative
protein food supply
{e.g. price of fish
products on world
market)

Reduction in loss of
life and property.
Change in net income
arising from increasing
economic activity on
floodplain and along
the navigable waterway

Imputed net benefits
based on willingness
to pay ete. {1)

Increase in income of
heneficiaries

TERMINAL VALUE OF GROSS BENEFITS (3m.)

DISCOUNT TERMINAL
RATE(2) VALUE
% sa.
10 200.0
10 50.0
10 250.0
10 250.0
10 50.0
800.0

Estimated base year recraation value, imputed from willingness-to-pay, is

$5.50 per visitor-day.

20 years at which point capacity constraint becomes effective.
decline at 2% per year aver the following 30 years.

Number of visitor-days assumed to grow at 3.5% for
MNumbers then



ITEM

e

Dam and reservoir

General property
acquisition

Fish enhancement
facilities

Navigation facilities
Fiood control
facilities and
equipment

Recreation
facilities

Roads, sewage,
water supply

TABLE 2

UNCONSTRAINED INCOME MAXIMIZATION

TABLE QF COSTS
50 YEAR ANALYSIS, HYPOTHETICAL DATA
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_TERMINAL VALUE $m.

COSTS PAID DISCOUNT INVEST-  OPERAT-

BY RATE MENT 10HS TOTAL
%

Agency 10 90.0 10.0 100.0
! 10 100.0 - 100.0
" 10 60.0 40.0 100.0
Federal 10 15.0 5.0 20.0
" 10 70.0 10.0 80.0
Agency 10 10.0 40.0 50.0
Agency/Local 10 30.0 20.0 50.0
375.0 125.0 500.0

TERMINAL VALUE OF TOTAL COSTS ($m.)
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TABLE 3

UNCONSTRAINED INCOME MAXIMIZATION
TOTAL BENEFITS, COSTS, TERMINAL VALUE OF NET BENEFITS
AND BENEFIT-COST RATIO - 50 YEAR
ANALYSIS HYPOTHETICAL DATA

ITEM PRESENT VALUE {Sm.)
Terminal Value of Total Benefits 800.0
Terminal Value of Total Costs 500.0
Terminal Yalue of Net Benefits 300.0
Terminal Value of Total Investment Costs 375.0

Terminal Value of Benefit-Cost Ratio 1.6




TABLE 4

ALTERNATIVE CONSTRAINED DEVELOPMENT

TABLE OF BENEFITS (1)}

50 YEAR ANALYSIS, HYPOTHETICAL DATA

QUTPUT CATEGORY

TERMINAL VALUE OF
NET BEREFIT CHANGES COMPARED
TO UNCOMSTRAINED ALTERNATIVE
IN CONSIDERATION OF:(2)

$m.
1. Fish Preduction
{a) Example project Environment (3) - 30.0
Social liell-being
(4) - 5.0
(5) - 5.0
{b) Downstream benefits
to existing projects Environment (6} - 15.0
Social Well-being
(7) - 2.5
{8) - 2.5
2. Flood Control and
Navigation Environment (9) - 30.0
Social Well-being
(10) - 15,0
(171) - 5.0
3. Recreation ~ Environment (12) + 30.0
4. Regional Unemployment
and Underemployvment
Benefits Regional
i Development {(13) + 30.0
BENEFIT REDUCTICKS FOR EMVIRONMENTAL ENHANCEMENT - 45,0
BENEFIT REDUCTIONS FOR SOCIAL WELL-BEING
IMPROVEMENTS - 35.0
0

BENEFIT INCREASES IMPUTED TO USE OF UNEMPLOYED RESOURCES + 30.

TOTAL TERMINAL VALUE OF BEMEFITS {%m.)
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TOTAL
TERMINAL VALUE
OF BENEFIT (14)

$m.

160.0

30.0

200.0

280.0

80.0

750.0
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Notes on Table 4

(1)
(2)

(5)

(6)
(7)
(8)
(9)
(10)

(1)

(12)

(13)
(14)

Evaluation basis and discount rates as per guidelines above.

These two columns identify the origins and terminal value dollar
amounts for terminal vaiue of net benefit changes relative to the
unconstrained income maximization plan,

Reduction in height of dam to reduce flooded area of aesthetic
and valuable ecological portions of upstream vailey. Reduction in
drawdown.

Reduction in reserveir size to minimize the number of families
flooded out of the upstream valley.

Decrease in net income as a result of a decision to protect local,
low productivity fishermen consistent with an equitable redistri-
bution aobjective.

As (3)
As (4)
As (5)
As (3)

As {4) and use of more unemployed and underemployed labor force

than would otherwise be necessary on the basis of economic efficiency.
This sum represents foregone benefits in terms of delay and low
efficiency in order to achieve a better income distribution.

Decrease in net inccme as a result of decision to protect marginal
farmiand and low value properties consistent with an equitable
income-redistribution objective.

Increase in recreational value as a result of the improvement of the
reservoir.

Representing secondary benefits accruing to the region.

Total value of benefits does not include the value of intrinsic
benefits arising from the enhancement of environmental, social and
regional well-baing. Therefore, total income benefits may under-
estimate the real value of benefits.



TABLE &

ALTERNATIVE UNCONSTRAINED DEVELOPMENT
TABLE OF COSTS (1)
50 YEAR ANALYSIS, HYPOTHETICAL DATA

TERMINAL VALUE

COSTS OF BASIC IN- . TERMINAL VALUE OF TERMINAL VALUE T0TAL
PAID VESTMENT COSTS MITIGATION CGSTS IN CON- OF OPERATION TERMINAL VALUE
ITEM BY (2) SIDERATION OF: (3} COSTS OF COSTS
$m. $m. Sm. Sm.
Dam and reservoir Agency 80.0 Environment (4) 20.0 10.0 110.0
General property
acquisition " 90.0 Environment (5) 10.0
Social Well-being (6) 10.0
(7) 5.0
(8) 5.0 120.0
Fish enhancement
facilities " 55.0 Environment (9) 5.0 40.0 105.0
Social Well-being (10) 5.0
Navigation facilities Federal TO.p Environment (11) 15.0 5.0 30.0
Flooed control facilities
and equipment " 68.0 Social Well-being (12} 15.0 10.0 100.0
Environment (13) 7.0
Recreation facilities Agency 16.0 Environment (14) 7.0 40.0 70.0
Social Well-being (15) 7.0
Roads, sewers, etc. Agency/ 30.0 Environment (16) 10.0 20.0 60.0
Local
TERMINAL VALUE OF BASIC COSTS 349.0 125.0
ADDITIOHNAL COSTS FOR ERVIRONMENTAL ENHANCEMENT 74.0
ADDITIONAL COSTS FOR SOCIAL WELL-BEING 47.0
TOTAL INCOME COSTS 595.0

"Lt 3bey
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Notes on Table §

(1)

(2)

(3)

(4)

(5)
(6)
(7)

(8)
(9)

(10)

(1)
(12)

(13)
(14)

(15)
(16)

Discount rates as per quidelines above.

Basic investment costs represent the minimum costs incurred to
provide an efficient design for sach project purpose without
accounting for adverse effects on non-efficiency objectives.

Costs associated with mitigation actions to enhance or reduce
adverse effects on non-efficiency objectives.

More thorough reservoir clearing; reservoir bank stabilization
measures; fish stocking.

Acgquisition of land to protect flora and fauna of reservoir area,
Compensation payments to evicted iocal residents.

Subsidy payments to lecal community to acquire cultural and sports
facilities.

Land acquisition for waterfront parks.

Additional costs for landscaping fish enhancement facilities to
minimize aesthetic damages in a wilderness area.

Subsidy to low productivity fishermen to improve distribution of
income from enhancement.

Additional costs to improve public access along navigation channel.

Subsidy to marginal farmers to increase agricultural efficiency and
improve income distribution.

Dyking to protect valuable natural environments from flooding.

Additional costs for enhancing educational facilities at the fish
enhancement site.

Additional campsites in local parks.

Longer project main access route to avoid critical wildlife habitat.



TABLE 6

ALTERNATIVE COMSTRAINED DEVELOPMENT
TERMINAL VALUE OF TOTAL BENEFITS AND COSTS
TERMINAL VALUE OF NET BENEFITS

ITEM

Total Benefits

Total Costs

Net Benefits

Total Investment Costs
Benefit-Cost Ratio

AND BENEFIT-COST RATIO

TERMINAL VALUE ($m,)

750.0
595.0
155.0

470.0
1.26

Page 113.
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GUIDELINE:

The recommended method of dealing with non-efjiciency objectives
within the context o4 benejit-cost analysis is to apply epportunity cosi
concepts o Lhe ejficiency analysds as shown Ln the above example.

6.4 Compensation, Mitigation and Multiple
Objective Planning

6.4.1 Introduction

A great deal of currency within provincial government circles is
presently being accorded the concepts of compensation and mitigation in
the context of major project evaluation. There appears to be some
uncertainty whether a distinction exists between these two concepts and,
if so, the conditions under which one or the other action is appropriate
to a given set of circumstances. The present discussion represents an
attempt to define the concepts and thereby to clarify the distinction
between them. Our aim is to establish any principles which may be
applied in determining whether compensation should be paid and/or if
mitigation should be undertaken and, if so, to what degree.

5.4.2 Background

The discussion of compensation in the economics literature has a
Tong and somewhat involved history. Without completaly retracing the
historical development, we shall review important points relevant to this
discussion. [t shculd be noted in advance that the terms compensation,
income redistribution, and equity are used synonymously by economists and
all refer ,to changes in the present distribution of wealth among individuats
caused by either public or private actions.

It is safe to say that modern welfare economics has attempted to
concern itself with achieving the most efficient allocation of resources
This entails achieving the highest output value subject to certain con-
straints and given a distribution of income (and wealth).! Technically,
this involves finding that output level for all final goods and services
at which the prices and marginal productien costs are equalized and at
which these two are in turn brought to equality with marginal satisfactions
.derived by consumers in consumption. On the basis of these ground rules,
once this position has been attained it i{s impossible to reallocate
resources and make one individual better off without simultaneously
making another worse off. This is the Paretian position of maximum welfare.
However, this maximum welfare position is dependent upon individuals'

! Much of the discussion of Chapter 1 is closely related to this present

discussion.
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income and wealth JeveTs.] Generally, as people's income change, their
demand curves for final goods and services change and probably their
supply curves of services rendered to the productive process will also
change. Thus, different income and wealth positions imply different
relative prices at the Paretian position as well as different 'optimal’
output mixes. Welfare economics begs the question of optimal distri-
bution of income preferring instead to leave this highly sensitive but
important issue to politicians, policy makers, society or somebody else.

That this efficiency-equity dichotomy is appropriate in & technical
sense is the subject of several propositions of welfare economics called
compensation criteria. Several such criteria have been advanced in
recent (since 1935) welfare economics literature. The specific aim of
the persons who advanced the criteria was to establish an area of
policy analysis within which economists could conduct technical studies
to compare one set of economic circumstances against another and rank
them in respect of the objective(s) of public policy without beginning
from ethical premises or value judgments. Economists felt that if
economic thaory was to De usetul for attacking practical economic and
social problems, some way of avoiding value judgments in analysis would
have to be found.

The first attempt to establish such a criterion was made by
N. Kaldor? who stated a criterion now known as the Kaldor-Hicks criterion.
The Kaldor-Hicks criterion is comprised of two parts: (i) If, as a result
of some policy somebody is made better off and no one is made worse off,
the policy is a good one: (ii) Kaldor went further and argued that
if a policy benefitted somebody and harmed somebody else, economists
could still argue that the policy was beneficial overall i7 the bene-
fitted parties could compensate the parties harmed. Whether the compen-
sation was actually paid was a political or ethical judament. For Kaldor
the important point was that the possibility of compensation estéblished
the potential superiority of the pelicy.

Shortly after this proposition was advanced, it was proven that
it was capable of self contradiction.3 The gainers, in a move from
situation A to situation B might indeed be capable of fully compensating

In othker words, the additional utility {marginal utility) of income
is dependent upon the individual's income and wealth levels,

N. Kaldor, "Welfare Comparisons of Economics and Interpersonal
Comparisons of Utility", Economic Journal, 1939,

T. Scitovsky, “A Note on Welfare Propositions in Economics”, Review of
Economic Studies, Volume IX (1) (1941-2), pp. 77-88.
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the losers and still be better off in B than in A, However, it is
possible that the losers might, after the movement to B, be in a
position to bribe the gainers and return to the A position.

To eliminate this potential internal contradiction, Sc¢itovsky
suggested that another part be added to the Kaldor-Hicks criterion.
This addition came to de known as the Scitovsky reversal criterion and
essentially states that as between a move from A to B, assuming compen-
sation is not paid, a move back from B to A should not meet the Kalder-
Hicks c¢riterion. Even this is insufficient to make the Kaldor-Hicks
criterion consistent since Nath! proves that contradictions are still
possihle.

The modified Kaldor-Hicks c¢riterion came under c¢riticism from
Samuelson on the grounds that if a comparison between two positions is
to be completely neutral on the subject of distributien, the move to
the new pesition should be superior to the old position as judged by all
possibie distributions in both the positions.Z This Samuelson comparison
has come to be known as the Samuelson criterion, although it was not
advanced as such. Samuelson was merely suggesting a refinement of the
Kaldor-Hicks critericn which he felt had been overlooked. Qf course,
Samuelson’'s refinement establishes only the potential superiority of
one pasition over another for all possible distributions in each.

Actual superiority depends upon estab11shment of the social welfare
function for the community.3

The final criterion of a Er1or welfare econcmics was advanced by
I.M.D. Little at about the same time as Samuelson's refinement appeared.
Little sought a criterion by which it would be possible {0 compare
actual rather than just potential superiority of a position., Little
thought that ethical judgments regarding the favorable or unfaverable
character of changes in distribution ought to be included as part of the
criterion. Therefore, he proposed combining & judgment about distribu-
tions of income in any two positions with the Kaldor-Hicks and Scitovsky
reversal criterign.

Nath, S.A., A Reappraisal of Welfare Econcmics, Rout]edgecand Kegan
Paul (London, 1969), p. 100C.

Sanuelson, P.A. "Evaluation of Real National Income", Qxford Economic
Papers, 1950.

Nath, p. 104,
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Unfortunately, the Little criterion breaks down immediately since
it is possible for the Kaldor-Hicks and Scitovsky reversal criterion to
give contradictory results. |

There are several points to notice about the 'New Welfare Economics'
described above. If we write a social welfare function in symbotic form
as is commonly done in expositions of welfare economics, we can see some
of these points more clearly

(6.1) W= W', ud, L, UuS)

In equation (6.1) above, W is social economic welfare and U], oo US are
the utilities of each of the s individuals in society.

The first thing to notice about the social welfare function is
that it is defined on the utilities of individuals in society. The
origin of the social weifare concept is due to Bergson? who stated a
relation between social (general) welfare and all the possibly ~elevant
variables, such as work and consumption, in addition to other ezonomic
variables. Bergson stated that for relatively small changes in the
economic variables, other elements of welfare will not be significantly
affected. From this statement the social (economic) welfare concept was
born. If social {economic) welfare depended on income and wealth of
individuals and individual utility also depended upon income and wealth
then, by simple substitution, welfare must depend upon individual
utitity; hence, the form of the social (economic) welfare function and
the separation of economic welfare from general welfared which is the
second point to notice about the social welfare function.é

Now, it is normally argued that individual tastes differ and every
time relative prices change, money incomes must also change; otherwise,
to think of distribution in terms of money incomes involves rigidifying
the existing distribution of relative technological scarcities of goods.

For an exposition of additional criticisms of the Little criterion
see Nath, pp. 105-116.

Bergson,

Many of the points in this exposition are made in Nath, A Reappraisal
of Welfare Economics.

It is easy to think of examples which indicate that economic welfare
and general welfare cannot be separated.
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However, this problem can be dealt with in the following way.
The first step is to realize that a welfare function defined on
individual per capita money incemes, wealth and leisure is rather
unrealistic. Therefore, redefine the welfare function tc employ the same
independent variables but aggregate from individuals to groups of indi-
viduals with common characteristics such as money incomes, age, marital
status, size of family, state of employment, etc. Then simply assert
that the political decision-maker's ethical belief is that individuals
in these groupings be regarded a&s if they had similar tastes unless there
is some special evidence to the contrary about a certain sub-group as
defined by the above characteristics. Now, if relative prices change,
individuals in each group respond to the changes in the same manner,

On the basis of this 'eclectic' welfare economics, we may put
forward a simpler and more realistic welfare function

(6.2) W= W(E, a, b, R, G)

The exact relationship between the dependent and Tndeoendent variahleg nf thig
welfare function is undefined. It simply states that general walfare

{w) is dependent upon employment levels (E), the equality of the distri-
bution of income and wealth (&, b), the rate of growth of provincial

product (R}, and a variable which describes 'non-economic' factors

affecting welfare (G). In this formulation, the independent variables

are the targets of public policy which are attained through such instru-

ments of public policy as taxes, subsidies, direct public investment

and pricing policy of public enterprises.

Armed with this background on the 'New Welfare Economics' and our
eclectic formulation of a general social welfare function which is
defined on both economic and ‘non-economic' variables, we are now prepared
to discuss and formulate guideliines on compensation and mitigation in
the sphere of direct public investment,

6.4.3 Compensation and Mitigation Defined

Merriam Wehster's Pocket Dictignary defines compensate as:
(1) to be equivalent to in value or effect; counterbalance;
(2) pay, remunerate. The definition of mitigate given is: (1) to make
Tess harsh or hostile; (2) to make less severe or painful. Roaget's
Thesanrus does not show either of the words as a synonym of the other.
Definitionally, it appears that the terms compensation and mitigation
are distinct.
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Conceptually, the dividing line between compensation and mitigation
is not always clear. MNevertheless, let us make an operational dist-
inction for purposes of the following discussion. Mitigation shall
refer to a change in structural design, construction timing or location
of a physical facility undertaken for the express purpose of reducing
or eliminating any deletericus effects of the construction or operation
and maintenance of such faciltities on the natural or human environment.
Mitication would therefore include instaliation of baffies at the end of
an airport runway as well as construction of fish ladders at a dam site.
Mitigation would also include outlays to improve the post project productivity
of one or more natural resources adversely affected by the project construction.

Compensation shall refer to a transfer payment, either in kind or
in money, of a sum whose amount is determined to be the change in the
income of a group of individuals identified by various socic-economic
factorc as discussed above. The basic motivation behind compensation is the
‘gainers compensate the losers' ethic which recognizes that income distribution
impacts of projects may be adverse .and seeks to redress these adverse
impacts.

6.4.4 Policy Targets, Mitigation and Compensation

We now have three ingredients for establishino procedures with
which to handle mitigation and compensation. We have

i, a formulation of a 'welfare function' defined
explicitly on the policy targets British Columbia
deems of importance. That is, provincial income
(economic efficiency), distribution of income,
and quality of the natural and social environment.

ii. a methcdology developed by example in some detail
in section 6.3.3 which shows how a project may be
evaluated on the basis of the effects it has on
these policy targets.

iii. an operational definition of the terms mitigation
and compensation,

We can now relate mitigation and compensation activities to the
various policy targets defined in the welfare function.

GUIDELINE:

Mitigation nefens to changes Ln the desdign, conatruetion ming
and/on Location undentaken {or the punposc of meeting the standards for

1 Of course, income distributional impacts may just as well be bene-

{ficial. Presumably the beoneficial impacts would remain uncompensated.
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natuwnel and social environmental quallty espoused by the Provdnce.
Compensation refjerns to Lrandfer payments between the government and
groups 04 Lndividuals for the purpose of meeting the Lncome distini-
butional cbjectives of the Province.

The economic flows which a project such as that in the example
above sets up can be classified into monetary and non-monetary. A
further division of each of these into allocative or efficiency flows
and distributional flows is possible. Early benefit-cost analyses
(circa 135Q's - 1960's) were concerned largely with monetary allocative
flows. The project evaluation criteria herein evidence an intasrest in and
concern for analysis of all four classes of economic flows.

Except as noted above in the section on adjustments for unemplioy-
ment and imperfect markets, we may assume that all monetary allocative
fiows represent full payment for the resources so utilized. This is
equivalent to assuming that these resources are earning their opportunity

costs. Generally, we will probably not be too wide of the mark with this
assumption.

We cannot assume that monetary distributive effects are always
'correct' (i.e., in accord with society's desires). Take a hypothetical
example to illustrate a case in which these flows may not be 'correct’.
Assume that personal income taxes are increased in order to fund an
irrigation program for farmers in a particular region. Taxpayers gener-
ally now have lower after-tax income. Assume further that irrigation
benefits farmers with Targe land holdings more than those with small
holdings {lands formerly cultivated in an extensive fashion may now be
cultivated more intensively). The final assumption is that these
larger holdings are farms which are typically limited companies. We
may now begin to view the monetary distributive flows set up by this
project. Farmer's incomes are greater at the expense of lower incomes
for taxpayers generally (farmers are taxpayers too and pay higher taxes
but receive benefit so their net position is better than before the
project). Large farmers henefit at the expense of small farmers and
taxpayers generally. Large incorporated farms benefit at the ex?ense
of small and large unincorporated farms and taxpayers generally.

These are all monetary distributive flows which may or may not be
desirable., If undesirable, then corrective action is warranted. This

" -corrective action may take a variety of forms. That is, any of the

policy instruments - a change in public investment policy, pricing,
taxes or subsidies - available to government may be employed to redress
the undesirable effects. Whether taxes and transfers are made is a
political decision.

1 In conducting such an analysis, the analyst would need to exercise

caution so as to avoid double counting.

e
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Some allocative effects which are non-monetary at the time and/or
place of their occurrence are rendered monetary by the_legal system,
These are the cases which are covered by nuisance law.! It is the non-
monetary allocative effects not redressed by the legal system which are
important for this discussion. These are the effects which are included
in our definition of the term mitigation. The means of handling miti- .
gation of non-monetary allocative effects is the subject of section
6.4.6.

Typically, these effects are so diffuse and/or long-term that
they may not be recognized as allocative effects. Obvious examples
are air and water pollution. Also typical of this type of econcmic
flow is that it frequently affects resources which are publicly owned
- common property resources. Thus, normally no one individual's interest
is affected substantially enough to warrant his raising an fssue. How-
ever, collectively, society's interest may be materially affected.

Non-monetary distributive effects will be comprised largely of
the effects on the social well-being of one region versus another.
Project impacts of this type should be redressed by direct income and
wealth taxes and transfers if the project impacts are considered to be
sufficiently undesirable to a particular region.

6.4.5 Compensation

GUIDELINE:

Analysis of Zhe regional Aincome nedistributive effects (monetary
désinibutive edfects and non-monetary distiibutive effects) should be
conducted. The analysis should highlight the income changes caused by
the project which Zahe place ameng various socic-eccnomic groupings of
dindlvdduals as defined on page 117, This analysis will fonum the basdis
for any desdined transfen schemes to be decided at the political Level.

6.4.6 Principles for Determining the
Extent of Mitigation

It is suggested that the economic principles which apply to project
evaluation in general also apply to mitigation in particular. Presumably,
outlays to effect mitigation measures will have a 'pay~off' in the form
of {at least) an eguivalently large reduction of the opportunity
cests  of particular resources adversely affected by the proposed project.

See Ronald Coase, "The Problem of So¢ial Cost", Journal of Law and
Economics, October 1960; reprinted in Readings in Micro-economics,

edited by Williawm Breit and Harold M. Hockman, Holt Rinehart and Winston,
New York, 1968,
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The costs of a mitigation activity will normally be readily
assessable. However, the benefits of the mitigation may or may not
be easily discernable., Where benefits and costs are hoth monetarily
determinable by methods described above, the desirability of the
mitigation can readily be judged. For cases in which the benefits
are not determinable in monetary terms, physical dimensions may be
used to describe the benefits of mitigation and a political decisicn is
required to establish the social merit of the mitigation measure.

Establishment of mitigation alternatives will normally require
a wide range of technical expertise. Therefore, it is anticipated that
the private or public agency involved in evaluating a proposed project
according to these Guidelines will coordinate with a variety of govern-
ment departments and agencies, particularly at the provincial Tevel but
also at the federal level as well. The appropriate ¢learing-nouse for
this coordination is the Envircnment and Land Use Secretariat. Through
this mechanism, a variety of mitigation alternatives should be suggestad,
researched and evaluated according to the Guidelines established here.
These mitigation alternatives would become part of the final benefit-
cost evaluation. :

If, due to physical constraints, a project is deemed to possess
insufficient opportunities to mitigate scme or all of the deleterious
environmental and social effects so as to meet the standards established
in these areas, other off-site means of mitigation may be considered.
Such off-site alternatives should, however, be in the same general
region as that occupied by the project. Thus, for example, consider
the case of a hydro dam which partially or completeily displaces valuable
wildlife habitat which supports an active and growing recreational
resource (hunting, viewing, hiking, etc.). In addition, assume that
the dam is sufficiently attractive as judged by the other objectives
that it is decided to proceed with the project but that decision-makers
on the project determine that the loss of habitat constitutes sufficient
degradation of environmental quality that scme other form of mitigation
is desirable (no change in design that is feasible and safe will avoid
the flooding of the habitat). The decision-makers suggest that the
agency responsible for develapment of the project provide funds for
intensified management of other similar habitat in the same general area
but outside of the region of direct influence of the project. The
amount of funds allocated for this intansive management program does
not necessarily have to equal the loss of the value of recreational
services provided by the original habitat. However, the original value
1oss should set an upper bound on the expenditures for intensification
of management.

The only proviso attached to decisfons on mitigation measures is
that the benefits of mitigation, whether objectively or subjectively
determined, should at least equal the costs of undertaking the measure.

-

it
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GUIDELINE:

1t secms elean from ids discussden that miidqation measuncs, as
defined abeve, can and sheuld be placed within the overnall prefect
evaluation and should be subjeet 2o the principles and proceduwres
Anvolved i caruging cut a soctal benefdt-cost analusis. Qff-site
WLTLGiAion may be consdidened as wananted by circwmitances,
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CHAPTER 7

MISCELLANEQUS TOPICS IN BEMEFIT-COST ANALYSIS

7.2 Lontents of the Chapter

Some issues in bepefit-cost analysis do not fit neatly into the
topical categories of chapters one through six. This chapter will therefore
be used as a catch-all for topics of importance which do not fit intc the
previous six chapters. It is anticipated that this chapter will grow over
time as particular jssues arise in the application of the Guidelines to
project evaluation in B.C.

7.2 Taxes, Royalties and License Fees in
Benefit-Cost Analysis

Frequently, governnents tend to view increased tax revenue as berefits
of a proposed develupment project. This probably results from a private
industry view of the operations of governments. Uhile taxes represent an
important source of revenue for most governments, financial flows in the
form of increased tax revenues do not repressnt real flows and in particular
should not be accounted among the benefits of a project. As described in
some detail above, opportunity costs and opportunity returns are tne
fundamental concepts which determine whether particular items are nenefits
or costs, proparly construed. If we apply the opportunity cost standard
to tax payments, it is immediately clear that such payments are no:
opportunity costs from society's viewpoint. Tax payments do not represent
a claim on society's real resources. Therefore, tax payments do not
affect the social profitability of a proposed investment.

While tax payments should not enter directly into the benefit-cost
analysis, this is not to suggest that they are not important. Just as
industrial corporations will analyze the effect of cash flows on their
financial position over time, government should inform itself of its own
cash flow position resulting from the proposed project. Thus, tax revenuos
are extremely important components of financfal analyses which are in turn
components of the overall analysis of the project.

Large scale economic development projects typically require infra-
structural investments. These infrastructural investments will normally
entail some degree of government involvement either directly or through
Crown corporations. Such is the case, for example, in the coal developments
currently proposed for the eastern sector of British Columbia. The tax and
financing issue will thus appear to the analyst to Toom large. Fortunately,
however, the actual sharing of the financial burden between government and
private industry does not affect the efficiency benefit-cost analysis. As
indicated above, the analyst should account all benefits and costs as
measured by the opportunity cost yardstick to whomsoever they may accrue.
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Thus, benefit-cost analysis of the proposed project(s) should proceed at
an early stage in the project planning process.

Clearly, the sharing of the financial burden of the investment
betwean government and industry couid have a marked effect on the distri-
bution of the net gains or losses from the project. Thus, again, govern-
ment will want to begin its financial and distributive analyses as early
in the planning process as is feasible. The main paint has been to
emphasize that, since the tax and rovalty payments are not regarded as
opportunity costs and since the sharing of the financial burden does not
affect the occurrence of or size of benefits and costs, tack of information
on these topics need not delay the commencement of the benefit-cost analysis
of the project.



GLOSSARY OF TERMS

atlocative effects: syn., efficiency effects; changes in uses of productive
resources which change an economy's productive capability. Distinguished
from distributive effects which do not affect an economy's productive
capability but do affect the distribution of final oulput.

benefit-cost analysis: A framework, based on economic principles and concepts,
for organizing information important for evaluating and comparing the
consequences of a series of economic events. Applied welfare economics.

compensating variation: In the event that a project were to proceed, that
amount an individual would willingly accept or pay and be in the same
welfare position as befcore the project.

compensation: see distributive, A transfer payment from one groud of indi-
viduals to another normally achieved through a tax and transfer system, as
distinct from the usual legal interpretation of compensation. For example,
unemployment insurance, welfare payments, etc.

compensation principle: Generalization of the Pareto criterion. Holds that
a policy should be implemented only if the gainers can potentially compensate
the losers as a result of the policy or decision. Actual compensation may
or may not take place.

competitive price: That price for a good or service which equals the marginal
cost of supplying the good or service, i.e., as occurs in a price competitive
market. See price competition.

constant doilar: syn., real dollar. Units for expressing values or price for
which inflationary effects have been removed.

consumer's surplus: That part of the total value to & consumer of a good or
service for which the consumer does not pay because the market is well
developed, impersonal, and contains many buyers and sellers. Difference
between markei price and willingness to pay as represented by a demand curve,

current dollar: syn., nominal dollar. Units for expressing values or prices
for which inflationary effects have not been removed.

distributive: syn., equity, distribution. The effect of a public project on
the relative distribution of income within the referent group.

economic efficiency: syn., efficiency, optimal resource allocation. A state
pertaining to the production and distribution of a good or service in which
the price of the good or service equals its marginal cost. See Pareto
criterion.

economic growth: Expansion of the economy's productive capacity measured on
a per capita basis. Normally measured by GHP per capita or scme similar
measure.

economic rent: A surnlus which a productive factor receives in payment bevond
that which would be necessary to call forth its services, Consequently,
that part of payment to a productive factor which could be appropriated
without affecting the supply of the productive factor's service forth-
coming. Ricardian rent refers to cconomic rent received by relatively
superior tand due to its long~term fixity of supply. Quasi-rent refers
to the economic rent recoived by a resource whose supply is fixed in the
short run but can be augmented in the Teng run.
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economies of scale: A productive circumstance in which a doubling of inputs
results in a more than doubling of gqutputs.

efficiency goal: see economic efficiency. The goal is price equals marginal
cost.

efficiency pricing rule: see econcmic efficiency.

engineering economics: A narrowly focused economics concerned with achieving
the optimum structure for, e.g., a plant or other physical asset.

equity objective: An objective which pertains to the relative distribution
of incomes among groups in an economy.

equivalent variation: The amount an individual would have to pay or receive

to leave him in the same welfare position if the economic event in question

did not take place.

exchange value: The price at which a good or service changes hands.
Distinguished from value in use. The two values may diverge.

existence value: The value which individuals place upgn the knowledge of
existence of an aesthetic or amenity resource even though they know with
certainty they will never use it.

externality: An efficiency effect which occurs as the result of a production
or consumption process but which is unpriced.

inflation rate: The rate at which a general price level increases., Usually
expressed as a quarterly or annual rate based on the price level in some
arbitrarily chosen year. )

intermediate goods and services: Goods and services which have received some
level of processing but which are not final consumption goods.

demand curve: A schedule of prices at which purchasers are willing to buy
associated quantities of the good or service in question.

marketed benefits: Goads or services produced as the result of a project and
which are bought and sold in an organized market.

merit wants: Goods or services which can be and are provided by the private
market but have an element of “publicness™ about them in the sense they
can be publicly provided economically in larger quantity than would be
justified by the private market.

" mitigation: A change in the design, scale, timing of construction or location

of a project for the express purpose of reducing the negative externalities

of the project.

net present value: A widely used investment criterion which results from
discounting to the present, the difference between benefits and costs
of a project in each period during which the project has benefits or
costs.

L
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nominal rate of interest: The stated interest rate which includes both real
and inflationary elecments, if any.

non-efficiency objectives: Objectives for public action which cénnot be
construed as aimed at directly improving resource aliocation within the
economy.

non-exclusive goods: syn., collective consumption goods, public goods.
Goods for which any individual or economic agents consumption does not
reduce the total amount available for consumption by other economic
agents.

non-marketed values: see non-priced user benefits.

non-priced user benefits: Service value which a project bestows upon certain
individuals who are not required to pay for the service due =0 its not
being sold in an organized market.

normalizing procedure: A procedure for placing the tenefits and costs of
projects on a common basis so that consistent ranking of the projects
will result from application of any investment criterion.

oppartunity cost: The net value of output sacrificed by using productive
resources in one way as opposed to some other.

optimum scale: The scale of a project beyond which further changes Tead to
no further efficiencies, i{.e., the scalie at which the marginal net benefit
from a scale change equals zero.

option value: The value which an uncertain but potential future user of a
service would be willing to pay or receive for the option to buy the
supply available.

Pareto criterion: A state in which no reallocation of resources can improve
economi¢ welfare.

present value: The value today of a payment or stream of payments to be made
or received in the future.

preservation value: see existence value.

price competition: A form of competitive behavior in which suppliers in a
particular market compete for customers on the basis of the price charged.

rate of return: A measure of the success of an investment. Requires a basis,
i.e., rate of return on capital is the net return (gross return - cost)
of a capital investment divided by the vajue of the capital. Also requires
a time dimension for calculating net returns - usually a year,.

real interest rate: The nominal interest rate adjusted for any inflationary
components.
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referent group: syn., referent area. That group of individuals for which the
receipt of benefits or incurrence of cost will be included in the benefit-
cost analysis. The referent group normally consists of a1l individuals
within the boundaries of the political jurisdiction carrying out the
analysis.

relative prices: The price ratio between two or more goods or services.

risk: A situation in which the outcome of an event has a probability of
less than 1.0 but for which the probability of cutcome can be estimatad.
Risk can be insured against; e.g., loss of life, fire, etc.

sacrifice cost: see opportunity cost.

sensitivity analysis: A type of analysis which seeks to identify whether
project rankings or decisions are sensitive to changes in important
parameters or variables whose values are uncertain.

shadow pricing: The adjustment of accounting prices to account for various
causes of distortion from freely competitive, market determined prices.

social accounting system: two possible meanings. A general reference to
the process of conducting 2 social benefit-cost analysis is the meaning
employed in the guidelines. Another meaning is as a reference to the
compilation of macro-economic statistics such as is carried out by
Statistics Canada.

social benefit-cost analysis: see benefit-cost analysis. The adjective social
is sometimes appended to distinguish the type of analysis from its more
narrowly focused private sector counterpart.

social infrastructure: transportation and communication systems, public
health maintenance systems, educational systems. Generally, public goods.
See public goods. '

social investment criterion: The criterion used to make decisions on and rank
public investment opportunities.

social opportunity cost of capital: (S.0.C.) The opportunity ccst of using
productive resources in public project. Measured by the profitabiljty
with wnich those resources could be employed in the private sector. Used
as a basis for calculating the social rate of discount.

social rate of discount: That rate of discount, measured either by the social
opportunity cost or social time preference, to be used in calculating
the value of the social investment ¢riterion for projects.

social time preference: (S.T.P.) The rate at which society prefers present to
future consumption. Some economistis argue that this should be the basis
for establishing the social discount rate.

e
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social welfare function: An abstraction used to determine a theoretical
welfare maximum. The social weifare function transforms the uzilities of
individuals into an aggregate index of social weifare.

socially profitable: A relative term which refers to projects that are
admissible ¢on the basis of the social investment c¢riterion.

subsidies: A payment (normally from government} for the purpose of inducing
some form of bchavior which would not be justified on the basis of market
economics alone.

supply curve: A schedule of prices at which suppliers of a good or service
are willing to supply given quantities of the good or service.

terminal value: The future value of a paywent or series of payments compounded
forward at some rate.

transfer payments: see compensation. A lateral payment between two or more
groups in spciety normally channeiled through the government.

uncertainty: An event for which the probability of a specific outcome cannot
be estimated. Uncertainty cannot be insured against; e.g., 'acts of God'
- famine, earthquake, etc.

welfare economics: A branch of economics which seeks to understand how the
economic well-being of a society may be measured and by what economic
policies economic well-being may be improved.
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APPENTDIX A

EMPIRICAL STUDIES
OF
REAL RATES OF RETURN IN CANADA



a

The first study to measure the social opportunity cost.of capital
for Canada was conducted by G.L. Reuber and R.J. Wonnacott in 1967.1
Reuber and Wonnacott present a 'borrowing modei' approach to estimation
of the social opportunity cost. Real rates of interest as defined
below were estimated on the alternative assumption that the project
(development of the Columbia River) would be financed through the
Federal Government on the one hand and the British Columbia Government
on the other. Analyses were performed assuming both Canadian and
United Stated sources of funds.

Real rates of interest ware defined as, "....a percentage indicating
{a) the return, expressed in real terms, yielded by the nation's marginal
investment, and (b) the time preference of the marginal saver, this
rate being the degree to which he prefers present over future reail
purchasing power."2 This definition is partially consistent with our
definition of the social opportunity cost of resources as statad sariier
in this paper although, as we shall see, the measurement is somewhat
different owing to the borrowing model methodology.

Measurement of real rates of interest for Canada and B.C. begins
with the financial rate of interest on long-term Government of Canada
bonds. These bonds are regarded as riskless and therefore establish a
basis on which to rank relatively riskier debt instruments. Real ratss
of interest will equal the financial rates of interest providing the
following conditions hold as stated by the authors: "(1} expectations
remain constant, most notably the expectation that prices remain stable;
(2) there are no distortions in interest rates because of short term
pressures exerted by governmental monetary and fiscal policies; (3) there
is a pure apd peirfect capital market, impiying that there is no capital
rationing."3 The authors, recognizing that in general, the above
conditions do not hold, devote the remainder of the study to a quanti-
fication of the effect of government fiscal and monetary policy and
imperfect capital markets on the real rate of interest faced by Canada
andkB.C. in borrowing both domestically and in United States finmancial
markets.

! Reuber, G.L. and R.J. Wonnacott. The Cost of Capital in Canada -
With Special Reference te Public Davelopment of the Columbia River,
Resources Tor the Future, Hashington, D.C., 1961.

2 Ibid., p. 5. In view of the conditions required to establish the
equivalence of (a) and (b}, Reuber and Wonnacott's definition of real
rates of interest appcars to be somewhat inconsistent.

3

Ibid., p. 6.

L2 ]



Page 2.

Quantifying the above four factors as indicated in the "Differential”
column of the table below, Reuber and Wonnacott arrive at the real rates
for each scctor as shown. For convenience, we shall reproduce the
author's Table 7 (p. 51) as Table 1 below.!

TABLE 1:  REAL RATES OF RETURN
IN VARIOUS MARKET SECTORS
- CANADIAN SOURCE FINANCIRG

{Percent)

Borrowing Sector Federal "real" + Differential = "Real" rate

rate for sector
Federal direct financing 4.75 .00 4.75
Federal guaranteed financing 4.75 .05 4.80
Provincial direct financing 4.75 .55 5.30
Provincial guaranteed financing 4,75 .60 5.35
Municipal financing 4,75 1.00 5.75
B.C. direct financing 4.75 .35 5.10
B.C. guaranteed financing? 4.75 .40 5.15
Private utility (comparable to 4.75 .80 5.55

B.C. Electric)

Small business and mortgage sectors are added to the analysis by
observing the range of rates to small business and concluding that the

average financial rate is 7%.
Table 1, the real rate for small business is 6.25 percent.

Making the necessary adjustments as in
In a similar

fashion, by observing both N H.A. and conventional mortgage rates, a real
rate for mortgages of 5 3/4 percent is obtained.

The weighted average opportunity cost of Federal and British Columbia

Direct borrowing is then calculated.

Ibid., p. 571,

Table 8 of the study showing this
calculation is reproduced below as Table 2.

It is interesting to note that a guarantce of the B.C. Government

carries an interest rate approximately % of 1 percent lower than
that for the private utility without the guarantee.
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TABLE 2:  QPPORTUNITY COST OF
FEDERAL AND BRITISH COLUMBIA
DOMESTIC BORRCWING

Relevant Real Rate
Sector Sacrificing Funds Weight Fecgeral - g.C.
{percent) Borrowing  Borrgwing
(percent) (percent)

1. Consumption and other
projects of the

borrower 10 4.75 5.10
2. Mortgages (housing and :

small business 35 5.75 5.7%
3. Provinces 17 5.30 5.30

Municipalities 18 5.75 5.75

4. Business -
Mainly inventories

and private utilities - 10 5.55 5.55
Small business 10 6.25 6.25
Weighted average ) 5.60 5.64

The weighted average social opportunity cost of capital in 1961 is
thus found to be of the order of 5.6 percent. This is a real rate of
return with inflationary expectation$ removed. To employ this rate in a
di??ounting caleulation, costs and returns must both be shown in constant
dollars.

A similar method of analysis is employed to estimate the weighted
average opportunity cost of capital from United States sources and
censidering only Canadian welfare. Adjustments are made for foreign
exchange risk, political considerations, institutional conventions and
legal restraints. For a detailed di?cussion of this portion of the study
the reader is referred to Chapter 5.

! Ibid., p. 54 and passim
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A more recent attempt at estimating the social opportunity cost of
capitel in Canada employs a different method and uvtilizes significantly
better data than the previous study reported.1 The method employed by
Jenkins is to use financial statements {balance sheets and profit and
Yoss statements) for 2 and 3 digit Standard Industrial classification
levels as base data. Accounting conventions, incomz and excise taxation
cause divergence between social and private accounting as described
above. Accordingly, Jenkins makes certain adjustments to the balance
sheets and firancial statements of the 2 and 3 digit industries in order
to transform the statements into consistency with the definitions of
econonics. .

Briefly described, the following adjustments are made.

(a)  The value of fixed assets is adjusted to reflect
replacement cost. The adjustment is performed by
assuming that the rates of current dollar replacemsnt
cost of net stock of buildings and equipment for
each industry at each time period to the gross
stock of buildings and equipment in original
cost dollars for each industry at each time period
is the same. This rate is then calculated for each
industry from unpublished data supplied by Statistics
Canada. Applying the ratio to the current book value
of buildings and equipment for each industry yields
the replacement cost of assets adjusted for inflation
and relative prices as well as adjusting the gross
value of economic dapreciation.

{b) The rate of return to the operations of each industry
is the relevant parameter being estimated. Yet many
non-Tinancial companies hold financial assets.
Accordingly, the net value of assets was reduced
by the value of financial assets held by non-financial
concerns. HWorking capital is defined as cash,
accounts receivable less accounts payable, inventories
and prepaid expenses.

(¢) Depreciation expense ailowable for income tax purposes
is adjusted to reflect actual economic depreciation.
Economic capital consumption allowance data for the

Jenkins, Glenn P., "The Measurement of Rates of Return and Taxation
from Private Capital in Canada", in Benefit Cost and Policy Analysis,
A.C. Harberger, et al, editors {Chicagu: Aldine Company) 1872,




Page 5.

Lo 4

total industry was obtained from unpublished Statistics
Canada data. That portion allocable to each industry
was calculated proportionately, based on net capital
stock for each industry in each time pericd.

(d) Debt charges, taxes and charitable donations are
added back to income since these items are part of
the value of the product produced even though they
are regarded as expenses of doing business by the
firm in gquestion.

(e} Income from financial assets held by non-financial
corporations s subtracted from income as defined -
for economic purposes. {Note item (b) above.)

Nz

(f) The Federal Government's manufacturers wholesale
tax, as well as sales taxes collected by the
Provincial Governments, constitute part of the
value of products. Under certain conditions -
(fixed proportions production functions) these
taxes can be translated as taxes on output or
labor and capital value added. Wnhen the tax -
rates are different for different sectors or when
the depreciation rates of the capital stock are
not all the same, different industries will

experience different social rates of return. -
(g} An adjustment to revenues is made for accrued _ e

capital gains and Tosses resulting from changes in

relative prices ¢f capital assets of business

firms. However, since capital gains and losses -

should be included in rates of return only when

"they are anticipated, for the application purposes

of the study these 'extraordinary items' are not

empioyed. o
Calculation of social rates of return for certain sectors such as -

mining, mineral fuels, agriculture and residential housing required
additional modification for consistency with the above. In the mining
sector, exploration and development expenditures are considerable and,

for tax purposes, are expensed against current income. However, such
expenditures are in the nature of capital expenditures since they represent
depletable assets. Oue to difficulty in segregating provincial tax
revenues obtained from mineral rights sales and royalties for each industry, -
the capital stock and income data for refineries and mineral fuel

industries was aggregatead.
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falculating rates of return in agriculture presented several
problems. The agricultural sector is heavily subsidized by federal and
provincial support programs. In order to evaluate the social rat2 of return in
the industry, an estimate of the financicl benefit to this sector ‘
provided hy the complex of subsidy programs was made. Much of the
financial rate of return to agricultural enterpriscs is comprised of
wages to the owner-operator and his family. In order to correct for this
element, the aulhor used an upper and lower bound estimate of imputed
income. The upper bound estimate was made by assuming that all nen-wage
farm lebor earncd income equivalent to paid farm workers. Since part-
time fawmily Tlabor constitutes approximately 30 percent of the agricul-
ture labor force, the resulting estimate of labor incouie to the owner-
operator and his family is high. The lower bound estimate is constructed
by assuning that owner-operators earn an incoie equivalent to paid farm
workers but that family labor earns a zero wage.

Owner-occupied housing contains an element of income-in-kind since
it provides a flow of housing services. Two adjustments were made in
the housing sector. Net income from owner-occupied housing was calculated
from unpublished Statistics Canada data. A data series on the owner-
occupied housing stock was calculated by multiplying the current value
of the total residential housing stock by the ratio of gross imputed rent
on owner-occupied housing to the total rent (paid plus imputed). Finally,
an adjustment was made for the implicit subsidy provided by the exemption
from income taxes on capital gains on the equity portion of the tousing
stock. This adjustment was caliculated by assuming that the marginail tax
rate of all taxpayers owning homes is 25% and applying this rate to the
equity portion of the capital gain (owner's equity assumed to be 50% of
total capital value in the owner-occupied housing sector).

The non-corporate industrial sector was handled by estimatirg the
non-corporate capital stock from Statistics Canada data for the total
industrial sector and subtracting the corporate porticn of the tctal
industrial sector. The private rate of return in this sector is assumed
to equal that in the corporate sector. Accordingly, the social rate of
return in the non-corporate sector would ecuai the sccial rate in other
corporate sectors minus the rate of corporate incomie tax paid on all
assets.

The results of the calculations made by Jenkins are presented in his
Table I which is reproduced below as Table 3. The information presented
in this table is highly significant and very useful. It may of course be

Based on some evidence thati this is sao. See L.R, Cristensen,
"Entrepeneurial Income: How foeos It Measure Up." American Economic
Reviow, Vol. LXI, No. 4 (Septomber, 1971)




TABLE 3,

RATES OF REYURN AND TAXATION FROM CAPITAL IN CAMADA BY SECTOR (AVERAGE, 1965-1969)

dPrlvate Rate
of Return
Excluding

Capital Gains
and Losses

tndustry

2

®Private Rate

of Return
tncluding

Capital Galns

and Losses

3

fPropcrty Tax
as a Percentage
of Met Fixed

Assets and
VWorklng Capltal

y

4 ncome Tax

of Het Fixed
Assets and
Working Capital

5

hSales Taxes
as a Percentage as a Percentage
af Net Fixed
Assets and
Werking Capltal

6

iCross Rate
of Return
Excluding
Ctapital Gains
and tosses and
Sales Taxes

7

Jsocial Rate

of Return

Excluding
Lapital Gains
and Losses In-
cludina Sales Tax

.
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12.
13.
T,
15.

16,

17.
1a,
9,
29.
2.
22.

23.

Foods and Beverages

A, Food Industirles

B, Scft Orinks

C. Breverics and Minerles

Tobacco Products

Acbber Products

Leather Products

Textile Hills

Knitting Hills

Clothing tndustry

Wead Industry

Furniture :

Pulp and Paper and Adlled
Indusiries

A. Pulp and Paper Hills

B, Paper Boxes and Convertors

Printing and Publlshing

A, Comaerclial Printing

B. Publishing

Primary Hetals

Hetal Fabricating

Hachlnery Industries

Transportation Equloment

A. Aircraft and Parts

B. Hotor Vehicles

Electrical industries

A. Electrical Iadustrial
Equipaent

6. Other Electrical Products

Hon-tetallic Hineral Products

Petroleum and Loal Refineries

Chemical Industries

HMiscellancous Kanulacturing

Total Fanufacturing

Tota! Construction

A. Building Contractars

B. MRighway and Bridge
Construction

Total Transportation

A. Air Transport

B, Mater Transport

C. Rallways

0, Truck Yransport

E. Pipellnes
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h Cross Rate Social Aate
d?rivate Rate frrivate Rate f1’rop¢:rty Tax Hncome Tax Sales Taxes of Return of Return
of Return of Rcturn as a Percontage as a Porcentage  as a Perceoatage Excluding Excluding
Excluding Including of Ner Fixed of Net -Fixed of Net Fixcd Capital Gains Capitai Gairs
Capital Galns Capital Gaias Assets and Assets and Assets and and losses and and‘Losscs In=
Industry and Losses and Losses  Working Capital  Working Capital Working Capital tales Taxes cluding fales Tax
20, torage k.co .10 i.33 1.18 6.50 6.52
A. Grain Elevators 3.27 341 62 1,04 h. 83 4.89
B, Storage and Warehouses 5.05 5.96 3.61 1.96 it.62 11,62
25. Cemunications 6.94 5.26 1 2.53 k8 10.40 10.E3
A, FRadie and Television 5.71 h. 56 .50 3.95 10.16 t0.16
B, Telephores .00 5.29 .87 2.53 .53 1o 10, 2%
26. Public Utilities 5.57 1,61 .91 1,78 .61 5.27 8.87
A, Electrical Power h.97 .69 L&) 2,90 .66 7.78 8. 44
B. Gas Uistritution €.32 2.21 L.co 1.57 .58 8.89 9.47
27. Vnolosaie Trade 7.72 7.57 .76 3.6) 3.65 12,09 15.73
23. PR=2:ail Trade 7.59 7.33 1.62 3.53 Ay 12.73 13.17
1%. TYoial Finance, insurance,
and Peal Estale 4,22 4,21 .23 .39 4.84 &,BY
A. Frust Companies 4.8l 4.81 .04 .34 5.19 5.19
B, Mcrigage and Loan Companles 5.16 5.17 .01} .20 .27 5.27
. Eanking 3.30 3.29 .02 LA 3.3 3.73
D. To:al Seopssit Azcepting
Instilutions 3.27 3.28 .02 .36 3.65 3.65
E. Total ipvestment
Companics 4.89 5.26 Jok .25 5.17 5.17
19. Total finance, Insurance, anéd
Real Estate E.7h . 6.73 .90 1,52 9.16 9.16
ZA, Trest Co-panies 6.64 6.67 . 48 4. 0% 11,16 11,16
“B. Mortsag: and Loan Companies  10.027 1047 A7 2.17 12.41 12.44
#C, Ba-king 8 8,31 .38 9.02 17.96 §7.26
2D, Teial Denosit Accepiing
trstitutions 7.5% 7.55 .29 6.20 14.00 14,00
*£. Total Investrment Companies 6,10 6.10 06 .33 6.48 6,03
30. Total Services 5.88 9.83 V.46 2.24 07 13.58 13.75
A. Scrvices to Business and
Haragement 7.2 i7.07 1.95 7-34 25.82 25.82
B. FPersoral, etc., Services 9.43 9.53 1.46 1.65 19 12.5h 12.73
31. Total kon-Hanufacturing 6.2 5,31 .95 2.01 .50 9.21 9.71
32. HMining 7-36 N,de 1 2.42 10.16 19156
33. Hineral Fuels 4.9k n,a. J42 .80 6,18 6.18
A, Hineral Progucts and
Petrolcum Reflneries 5.3 r.a. 5.05 1.06 2.27 11.45 13,71
3L, fhericulture 2.66 5.20 .80 -.63 7.%3 2.63
34, Agriculture h, 31 6.85 .30 -.53 4.48 4.4
35, Rental Housing 5.33 7.84 2.48 nil 7.86 7.85
36. Ouner Occupizd Housing 5.38 7.84 2.48 -.67 7.19 7.19
37. Trade (Hon-Corporate} 7.3 7.19 1.13 nil 2.27 B.47 10.74
38, Yozt AlY Aciivitiss 5.62 n.a. 1.49 1.13 1.1 8.4k 9,54
a. The rates of rcturn and taxation in categories "29A through #29€ For financlal intermediaries are based on the
value of equity in the sector and the private rates of return anly include income accruing to the e(,unty holders,
b, The rates for ncn-manufacturing exclude 29 but include #29 far financial intermediaries.
¢, The rates of return for the total of all activities cxcludes catogories 29 and 34 but includes *29 and ®%34,
¢, (Table 3 ¥ Toble 2} x 100 and averagod over the five years 1965-1969,
€. (/Table 3+ Tablc 4/ + Table 2) x 100 and averaged over the Five years 1965-1969,
f. {Table § - Table 2) x 00 and averaged over the five years 1965-1969,
g. (Table 6 - Table 2) » 100 and averaged over the Five years 1985-1963.
h. (Tab'e 7 - Tabla 2) %x 100 ard averagud aver the five yoars {965-1569,
i, {/Table 3 + Table 5 + Tcble 6/ = /Tunle 2/) x 10¢ nd averagsd over the five years 1965-1269,
J. {/Table 3 + Toble § + Talle 6 + Table 7/ - /Table 2/ x 100 ad averaged over the five years 1965-1949,
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used for determining a weighted average discount rate to be employed in
the evaluation of public projects in British Columbia. For governments
faced with a range of private investment proposals, the final column,
{7), as well as columns (3} - (5) provide valuable information for
decision-making purposes.

For purposes of estimating the social ooportunity cost of capital
in Canada, the latter study is preferred. OQur preference for this study
is primarily methodological. Recalling the definition of the social
oppartunity cost of capital, it is seen that the rates of return estimated
by Jenkins fit precisely that required by the definition. The former
study presented a 'borrowing model' approach in which the social oppor-
tunity cost of capital in each sector was assumed to be the real borrowing
rate faced by each sector. The Jenkins study also highlights the
differential rates of investment productivity and taxation in each sector.
Other reasons for preferring this study are the more recent data coverage
and the much greater sectorai detail provided.

A word about terminology is in order. Jenkins refers to his rates
of return as 'social' rates of return. What he means, of course is rates
of return calcualted according to and reflecting economic ¢oncepts -
economic rates of return. For these rates of return to be truly social
rates of return would require adjustment for externalities occurring
between industries as well as between industry and society generally.

L=t
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APPENDIX B

EXAMPLE COMPARISCON OF RANKING OF
PROJECTS BY COMPOUNDING AND DISCOUNTING METHODS



Example to show consistency of ranking between TY(NB} and NPV Criteria.

Project A: t t ‘3 ty ts
Gross Benefits 0 10 15 20 30
Total Costs 10 15 20 10 10

Project B:

Gross Benefits 0 15 20 20 20

Total Costs 5 20 20 10 10
Discounting: (10% Discount Rate)

NPY Project A 2.2 3 Ranking B> A

NPV Project B 4.3

. Compounding: (10% Compound Rate)

TV(NB) Project A 23.15 ; Ranking B> A
TV(NB) Project B 32.85
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APPENDIX C

Application ¢f the Guidelines gor Benefit-Cost Analiysds
Lo An Hypoilhetical Example

Development of Sodium Sulphate Deposifs in
Zthe Nonthean Secton of Metromunituida



1.0 Introduction

The participants of Amalgam Limited, a consortium of mining interests
with worldwide mining operations have carried out an extensive exploration
program in the northern sector of Hetroruritania, 2 remote area characterized
by extreme weather conditions. Extensive deposits of sodium suiphate have
been discovered and test driiling has taken place. Core samples have proven
the large extent and nhigh quality of the deposits anticipated during the
later phases of the exploraticn program. Some of the deposits are situated
on privately owned land whereas other portions of the deposit 1ie on Crown
land. Amalgam has managed to secure title to all the private land and is
now approaching the government in search of license to the depesits on
Crown land and is also seeking governmant approval to develop the whole
project.

The Government of Metroruritania instructs its experts to prepare
an evaluation of the proposal it has received from amalgam Limited.
Consideraticn is to be given to the overall social prefitability of the
investment taking into consideration the effect of the project on the natural
and human environment in this region as well as the redistributional aspects
of the project. The experts are also asked to prepare a government flow of
funds statement jn order to highlight the effect of the project on the
government's financial regquirements. The purpose of this statement is to
incure the availability of sufficient funding to take care of existing and
planned projects in addition to any items to which the government might
obligate itself in relation to the propcsed develgpment of the Skunk
sodium sulphate deposits. Further details of the proposed project are
outlined below.

2.0 Detailed Description of the Project]

The raw material will be mined and procassed at the mine site and
will then be dispatched by rail.

2.1 Characteristics of the Denosit and Method of Exploitation

A detailed technical study has been carried out jointly by Amalgam's
technical staff and the firm David Smith and Ccmpany who are specialists in
mining and procassing of minerals. The report of Smith and Company concludes
that, having regard to the satisfactory geolegical and chemical character-
istics of the deposit, the sodium sulphate can be extracted and concentrated
without difficulty. The sodium is surface mined and is to be processed at
site. After processing the sodium is ready for use.

! This example is adapted from a case study appearing in "Manual of
Industrial Project Aralysis in Devolopina Countries: Methodolegy and
Case Studies™. Volume 1. Development Centrz, Organization for
Econcmic Co-operation and Development. Paris, 1968.
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2.2 Transport of the Sodium Sulphate

The deposit is in a remote area with no present means of transport.
In view of the quantity of material involved only rail transport can be
considered. A new rail line 16 miles long will have to be built in order
to connect the mine and processing plant with the existing rail system
carrying the sulphate to port.

2.3 . Labor Supply

The isolated location of the deposit makes it necessary to provide
all the facilities and amenities essential for the personnel to live
there - housing, shops, a school and medical fzcilities. Approximatelv
fifty percent! of the labor force will be recruited from a town in the
region approximately 200 miles from the site. The remainder will migrate
from cutside the province.

2.4 The Market

A characteristic feature of the sodium sulphate market in Metro-
ruritania is the small number of consumers. Five companies producing
kraft pulp and paperboard account for aimost 70 percent of local consumption.
At the present time the country is consuming approximately 180,000 tons
per year, ail of which is transported from domestic locations outside the
province. COthar industries for which sodium sulphate is an important input
(textile fibers, dye stuffs, detergents and tanning materials) are not
important industries in the province at the present time. Supplies of
inexpensive sodium suiphate could act as a stimulus to developinent and
expansion of these industiries, particularly detergents, which at present
is supplied almost entirely by a neighboring country. In view of the
rapidly growing market for pulp and paperboard and the solid long-term
price prospects, the major paper companies in the province feel they could
absorb a 30% increase in sodium sulphate consumption by the time the mine
-and plant become operational - approximately 2-3 years. The compenies have
confirmed in writing their readiness to purchase approximately 30,000 tons
of sodium sulphate at the proposed price of $23.00 per ton.

While the domastic market provides a good basis, the export market
is expected to provide major growth potential. A rapidly expanding glass
and textile fiber industry in a neighboring country in addition tc the
steadily growing pulp and paper industry is expected to absorb the difference
between domestic consumntion and the projected output of the mine and
processing plant. It is estimated that up to 60,000 tons per year can be
shipped into this market in the neighboring country.

1 For the capital intensive version of the project. The labor intensive

version will lecally recruit approximately thirty percent of the Tabor
force.
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2.5 Studyv of Profitability

Based on information supplied by the technical study performed by
David Smith and Company in addition to 'in-house' engineering and financial
analysis performed by the Amalgam technical staff, a profitability study
has been prepared. This study has been forwarded to the government for
review and for use by government economists who have performed the govern-
ment's benefit-cost analysis. Most of the estimates of private benefits
and costs (revenue and expenditure) have been taken from this report.

2.6 Alternative Technologies and Sales Programs

2.6.1 Alternative Technologies

In conjunction with Amalgam's corporate planning staff, engineers
have worked out two alternative technologies for mining and processing
the sodium sulphate. One technology may be characterized as relying
relatively more heavily upon capital inputs. This technology is preferred
by Amalgem since it came out as the most profitable alternative in
Amalgam's profitability study. The other technology relies relatively
more heavily upon labor inputs. Government economists de¢ide to extend
the analysis of both alternatives to determine which is socially most
profitable. The capital intensive altermative shall be referred to as Cl
and the labor intensive alternative as LI. Analysis is conducted for an
output of 75,000 tens per year and 100,000 tons per year for each of the
technologies.

2.5.2 Alternative Sales Programs

In consultation with Amalgam's corporate planning staff, government
economists work out several alternative sales programs to characterize
the pessibility that the export market might nof develop as rapidly as
expected, or not at all. Each of these sales programs is evaluated under
the capital and labor intensive project designs. We thus have alternatives

CI1’2’3 and LII,2,3‘

Based upon extensive market survey work and estimaticn of the demand
for sodium sulphate, these sales programs appear to characterize a
reasonable range of alternatives.

3.0 Calculation of the Net Social Benefits of the Development

3.1 The Account System

Benefits and costs of the proposed development which are capable of
quantification will be inciuded in the provincial income account. Non-
quantifiable effects of the project on the quality of the natural and social
environment will be included in the environmentai quality and social well-

Hig
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being accounts, respectively. [t is recognized that the account system

is simply a devise to organize the information in a manner whign facilitates
decision-making particularly when 'trade-off' analysis is performed between
the various accounts. Ultimately, all effects of the project affect the
provincial income account, that is, when incomez is defined broadly as in
Chapter 1. The income distribution/regional development cbjective/account
will be handled as an adjunct to the benefit-cost analysis.

3.2 The Range of Alternatives

While benefit-cost analysis is best applied to illuminate & broad
range of alternatives we are concerned here with a relatively narrow range
of options, i.e., a capital or labor intensive development of the sodium
sulphate deposits. Several reasons for this situation are:

(1) 1t is largely a development Tinanced by private
sector sources although the success of the project
is dependent upon access to the deposits lying
beneath Crown land;

{i1) no other major capital projects are planned by the
government at this time; i.e., there are no other
structural alternatives to the project although a
non-structural alternative does exist. An income
tax reduction equivalent to the government's capital
contribution is analyzed as an alternative to the
development.

The point in (i) above implies that a further option available to the
government is te disallow access to the resources.

3.3 Evaluation Methodology

The benefit measurement principles outlined in Chapter 2 may be
applied to estimation of the benefits of the project. Since the product
is an intermediate good, some difficulties arise in estimation of its
value, For that part of the output exported, the gross sales value
reflects the gross benefits. Since Amalgam conducted extensive market
research and demand forecasts, we can rely on their estimates of annual
overseas shipments of product and the related prices. (See Table I for
forecast shipments.} Based on this research, a price of $25.00 per ton
F.0.B. port will be sufficient to penetrate foreign markets.

Domestically, based on marginal cost it appears that Amalgam will
enjoy a competitive advantage to both alternative domestic and foreign
sources of sodium sulphate. In discussions with Amalcam's marketing staff,
it appears that they intend to set prices so as to take full advantage of
this situation. Amalgam will thus earn a measure of economic rent on each
ton shipped into domestic markets. This economic rent will be counted
among thc gross benefits of the project. The domestic price of $£23.00 per
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ton leaves a margin of 32,50 per ton between price and Amalgam's marginal
cost (cost includes a return wnich would be sufficient to induce Amalgam

to make the investment). lie know that Amalgam's cost per unit is constant
over most of the output range. Thus, the price-cost spread at the margin
multiplied by the quantity shipped, closely approximatas the economic rent,

According to Amalgam's analysts, the relative price prospects for
sodium sulphate are stable. That is, it is not anticipated that sodium .
sulphate could enjoy any degree of relative price escalation over the
operating Tife of the mine. An independent verification of this came from
Metroruritania's Natural Resources Department - Mining 8ranch. Experts in
that departinent estimate that only a 20% relative price incraase per ton is
required to induce slightly higher cost technology sources of supply.

Since Amalgam intends to price in this way, there {s no possibility
thati producers using sodium sulphate will enjoy any cost advantage. Thus,
‘there will be no change in consumer S surp1us at the final consumption
level. The main market effect of the mine will be to reduce the quantity
of imported scdium sulphate. In these circumstances, the sales value of
the intermediate good approximates the increased value of final goods
consumed. Gross benefit calculations are in 1976 dollars.

3.4 The Pravincial Income Account

3.4.1 Calculation of Gross Benefits

The calculation of gross benefits is derived from the information
in Table I in which shipmants are broken down by domestic and export
category togethar with the price information in Section 3.3 above. Table
IT contains the calculation of the annual gross benefits of the project.
The calculation of the terminal value of gross benefits in year 2000 is
found in Table X. ‘

In spite of the fact that the government of Metroruritania employs
a multiple-objective framework in its project evaluations, for this
particular project there are no other purpose benefits generated by this
project which may be included in the provincial income account. While
it is true that the area surrcunding the Skunk deposits will receive added
recreational activity from the employees of the mine and processing facility,
the arcas of their present residence will receive reduced activity of a
correspending amount and value therefore leaving no net increase in va]ue
of recreational activity from the provincial viewpoint.

3.4.2 Caleculation of Social Costs of the Project

3.4.2.1 Evaluation Methodology

The social costs of the project will be accounted in terms of the

W

L1

Hedi

=



Page 6.

opportunity costs of the resources consumed by and committed to the project.
This includes the social opportunity cost of labor and capital applied
directly to the project in addition to the incremental changes in the value
of other resources whose status is affected by the developments.

3.4,2.2 Capital Cost Estimates

The background information for calculation of capital cost estimates
vias obtained from the Smith and Company technical report in addif{ion to
information from Amalgam's engineering staff. In several subsequent
meetings between government econcmists and fmalgam's staff, additional
information was obtained and points of clarification were discussed.
Tables I1TA and IL1IB contain the capital costs for the alternatives CI
and L1, respectively. Tables IVA and IVB contain the anticipated time-
table of construction and developrent activity at the site for the CI
and L1 ailternatives, respectively. Note that the expenditure to increase
plant capacity tekes place in 1990, Also, note that the total capital
costs are broken down by domestic and foreign purchases. This breakdown
will be helpful in later analyses.

Amalgam anticipates building housing and services to accomnedate
approximately 400 families for the capital intensive plan and approximately
480 Tor the iabor intensive plan. Basically, Amalgam wi'll be putting up
the bridge financing for planning, development and construction of the units.
Amalgam also expects to carry the mortgages on the houses and will be
offering these mortgages at less-than-market rates an an inducemant to draw
workers to the mine site. Over time the mortgage program will return a
positive net revenue but the return will not be what Amalgam could earn by
investing equivalent funds in its best alternative opportunity. In these
circumstances, the construction of the townsite represents a real cost to
society and therefore is included among the opportunity costs of the projects.
The mortgage and other financial arrangements between Amalgam and its
prospective workers determine the disiribution of that real cost between
Amalgam and the workers and therefore is of interest for the distribution
analysis but not for the benefit-cost analysis.

The calculation of the terminal value of capital costs of the project
in year 2000 is found in Tables XI and XII,

3.4.2.3 Operating Costs

Operating costs for alterpatives CI and LI are found in Tables V and
VI, respectively. Most of the cost estimates were derived from infermation
contained in the David Smith and Company technical report as well as from
information obtained from Amalgam's technical and financial staff.
Explanatory notes are contained on the sheet following Table VI.

The calculation of the terminal value of cperating costs is found
in Tables XI and XII.
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3.4.3 The Qpportunity Costs of Land and Appurtenant Natural Resources

3.4.3.7 Fish and Wildlife Habitat Reduction

The development of the mine, plant and townsite as well as the
new transportation Tinks will affect the habitat of resident fish
and wildiife populations in an adverse way. Fisheries and wildlife biologists
have made estimates of annual losses due to direct effects (moose, elk,
deer killed by vehicles and trains) as well as of the chronic, leng-term
effects of habitat changes on the abiliily of the schools and herds to
maintain given population sizes. However, for purposes of econcmic
evaluation it is man's present or potential intended future use of these
resources and the value that is derived therefrom that we wish to measure.

At the present time, the fish and wildlife resources in the area
of the Skunk deposits which would be affected by the proposed development
receive relatively light usage by the residents of Metroruritania. This
is due to the relative isolation of the resources and the existence of
similar quality resources closer to the major areas of population concen-
tration. Haowever, it is anticipated that future use will grow - more
rapidly with the proposed development - but nevertheless will grow witheout
the development due largely to the apparent secular decline in both quality
and quantity of substitute resources.

Unfortunately there is little or no data on the extent of present
use of these resources. Valuation will have to proceed on the basis of a
number of assumptions and.inferences as well as results of studies which
have been conducted elsewhere,

Without the project it is determined that the area will continue to
receive relatively light usage for the next five years. This is based on
a review of the data and. information on the present use of other recreaticnal
resources throughout the province. Basically it is c¢lear that existing
relatively heavily used rescurces can continue to experience growth in use
for the next several years without any significant reduction in quality.
However, after this time use levels will Le such that further increases
will result in quality deterioration which will in turn induce recreationists
(largely hunters and sport fishermen) to seek other recreational resources.
Thus, beginning in 1982, growth in use of the Skunk area fish and wildlife
rescurces is estimatad to be 1.5% per year. This growth is on top of a
current base usage of approximately 600 hunter-days annually and 30C angler
days as estimated by regional fish and wildlife biologists. Information from
other areas of the province where data and information is more complete and
where specific studies have been conductad from time-to-time indicates that
the wiliingness-to-pay (based upon individual's observed expenditure behavior)
for a hunter-day lies in the range $15 - 20 while that for an angling-day
is in the range $6-39. Given the abundant wildlife based recreation
opportunities in Metroruritania in relation to demand, it is not possible
to foresee a major increase in relative value of a hunter-gor-angler-day for
some years to come, at least bevond the time horizon of this project. The
determinaticn of recreation value is found in Table VIIL.

Ll
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With the project a number of divergent events will occur. With the
development of the area and the attendant population influx, the number of
flunter- and angler-days consuimed in the Skunk area will increase., This
increased use is due to the proximity of the resource to the people who
come to work in the mine and not to the relatively declining quality of
similar resources elsewhere as was the case without the project. In fact,
it is estimated that the quality of the Skunk area hunting and fishing
experience wiil decline due to crowding and tc a resultant reduction in
the success rate. Additionally, some of the increased hunting and fishing
activity in the Skunk area is activiiy which would have occurred in other
regions if the project had not been built. This is true, for example, of
the hunting and fishing activity of that portion of the mine's labor force
which migrates from other regions in the province. For this redistributed
recreation activity, no net increase in value can be attributed. The
estimated net result of all these factors is that the 1280 angler and hunter-
day estimates will hold steady throughout the period. In conjunction with
the declining quality of the hunting and fishing experience, the range of
hunter-day values drops to $12.00 to 517.00 per day and $4.00 to $6.00 for
an angler day. Table VII details the calculation of recreation benafits
with the project. It is assumed that management costs would remain the
same whether or not the project proceeds.

3.4.3,2 Potential Loss of Timber Value

The site of the mine and processing plant is covered with timber
which is presently scheduled for logging in approximately fifteen years.
It is anticipated that logging would he at the rate of 1600 acres per year.
The development of the site will mean that some of the timber will be cut
prior to its scheduled age of cutting which it chall be assumed will result
in some loss of net value. The 'without the project' case may be evaluated
by calculating the net value of this logging and compounding the annual
values forward to year 20. See Table IV.

Over the next twenty years approximately eight thousand acres of
timberland would be disturbed in order to carry forward the proposed
project. This land holds an average of thirty-five cunits of timber per
acre at maturity and at a lecal mill 1is worth approximately $55.00 per
cunit as sawlogs. It costs an average of $35.00 per cunit to log in this
area and the log transport costs to the mill add another $10.00 per cunit.
Jf the timber is evenly distributed over the area, is mature in 10(C years,
and grows at an average annual rate of 0.35 cunits per acre, per year, in
1980 there would be an average of 29.75 cunits on each acre.

If the mine is developed on a smooth, continuous basis, there will
be four hundred acres (8,000 acres * 20 years) developed each year. The
quantity of timber on each of these acres will grow through time adding
an average of 0.35 cunits per acre, per year. Tabie IX details the
calculation of the net value of the forestry resource assuming the project
is put in place, while Table VIII shows the without the project analysis.
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Perusal of Tables VIII and IX indicates that, in fact, the
development of the mine actually results in a net increase in the
future value resulting from timber production as compared to the
‘without-the-project' planned scheduling of this stand of timber.
Even though scme wood volume is sacrificed by harvesting before the
pianned age, the net returns from the smaller but earlier harvest
at interest are greater than the net returns c¢f the Targer but
later harvest.

3.5 Summary of the Provincial Income Account

Tables XIIT through XVIII summarize the foregoing information
for the development opticns and detail the application of the normalizaticn
procedure. Table XVIII shows the calculation of the ncrmalization factors
for the 75,000 tons per ycar and 100,000 tons per year plants. Calculation
of the factor amounts to forming a ratio of the terminal value of outlays
for each of the projects. This factor {s then appiied to the gross
benefits and total costs of the project whese scale is to be normalized
to that of the others. In this example, it has been assumed that the
total outlays for the capital intensive project are the total capital
available at 1980 and over the 1ife span of the project without additional
borrowing or increasing of taxes. Thus we have normalized the labor
intensive project by adjusting its terminal benefit and cost estimates
downward by the factors 0.83 and 0.74 for the 75,000 tons per year and
100,000 tons per year piants, respectively.

Applying these factors to the unnormalized terminal values of
the LI project shown in Table XIV results in the normalized terminal
benefit and cost estimates for this project shown on Table XV. The
terminal values of the gross benefits and costs of the CI alternative
are found in Table XVI. Comparing the normalized terminal values of
net benefits for the different sales program/plant sizes for the LI
alternative and the terminal values of net benefits for the different
sales program/plant sizes for tha CI alternative, we find that at a
10% discount rate the project which maximizes the provincial income
account is the 75,000 tons per year plant with sales program 1. This
conclusion is reached whether we use the TV(NB) or the benefit-cost
ratio criterion.

3.0 Expenditures to meet Non-Efficiency Objectives

The government of Metroruritania has multiple objectives which
it desires to meet partly through its economic development program.
In this project in particular the government wishes to ensure that the
people in the region are afforded the opportunity to participate in the
general development if they s¢ desire. Thus the government and Amalgam
in conjunction develop an educational and training program designed to
ensure that the local people have the capability to seize the oppertunity.
The benefits of this program are difficult to enumerate in monetary
terms but the costs of developing and operating the.pregram can be
estimated with some accuracy. This program could he oparated if either
the capital or the labor intensive project is chosen as the one to be
developed.

i
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Experts estimate that the cost of the program would be $9,500,000
for the capital intensive program and $12,000,000 for the labor intensive
alternative, both figures in year 2,000 terminal values compounded at
10%. Both these figures include estimates of the number of people who
would participate in the program.

The government of Metroruritania alsc has the objective of
maintaining or improving the social well-being of its residents. One
specific aspect of this concern is the interest in improving the industrial
safety record. The expenditures detailed in the Provincial Income account
include the construction of mine and piant to meet the requirements of
the Mine Safety Act and requlations attendant to it. However, this
legislation {s somewhat dated and recent advances have been made in
safety technelogy which would require additional expenditures. In
addition the company could conduct an in-plant safety education program
on a continuing hasis. The additional expenditures to implement the
new safety technalegy amount to 8 terminal value in year 2,000 at a
10% discount rate of §2.5 million for the capital intensive plan and
$1.2 million for the labor intensive plan. The safety educction program
would cost $200.000 for the capital intensive nlan and $350,000 for
the Tabor intensive plan in terminal vzlue figures in year 2,000 compounded
at 10%.

Finally, in conjunction with the governmant's desire to increase
emaloyiment in this region it may wish to weight to some extent the degree
to which these different relative factor intensities achieve that
objective. Thus, presumably, the labor intensive project would receive
additional 'marks' based an the extent to which government felt that
this was cesirable. It might be that the government would b2 willing
to sacrifice the approximately $26.0 million excess of net benefits of
the capital intersive project over the labor intensive project in order
that the latter could contribute additionally to the achievement of the
employment/regional development objective.

Table XVII summarizes the additional expenditures discussed

in this section. In addition the increased employment of the Tabor
intensive alternative is shown.

3.7 Sinnmation

Decision makers in Metroruritania now have enough information
before them to determine whether the project is sufficiently socially
profitabie and in which of its several forms it should be developed
if at all. While the benefit-cest analysis is now complete and a
decision may be made on thc project there is still considerable
analysis required to be performed in order that decision makers in
Metroruritania are fully informed on the effects of the project. The
following additional analyses should bz conducted as adjuncts to the
benefit-cost analysis proper.
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(i) analysis of the income distributional effects of the project

(i) analysis of the effect of the praoject on the cash flew or
revenue/expendi ture position of the Metroruritanian government

(191) analysis of the foreign exchange impact of the project (from a
national perspective)

Major elements of each of these additicnal analyses shzll be described in
turn.

The income redistributional impact of the project should be given
considerable attention so as to incure that the goverrmont's income
distributional objectives are realized. This analysis would identify
Metroruritanian residents roughly by socio-economic characteristics and
would record the anticipated net affect of the project con the individual’'s
or group's income and opportunity position. Much of this analysis would

depend upon the financial structure of Amalgam - whether debt or equity - and

the geographical Jocation of sharehelders and creditors, upon the type and
level of schemes to recover rasource rent and upon the sharing of the

financial burden of aspects of the development (social infrastructure} finally

agreed upon by both Metroruritania and Amalgam.

In this respect it is notable that the benefit-cost analysis dces
not separate the financial burden of the develogment between Amal¢am and
the Metroruritanian government. This is a matter for negotiaticn between
the two institutions. The outccme of the negotiations will clearly affect
the financial fiows which the two entities will experience. Just as
Amaigam will conduct & cash flow analysis of the project so should the
government analyze the effect of the project on its cash fiow or revenue/
expenditura pasition. The government will alse take into consideration
the revenues derived from a resource rent appropriation scheme as well as
additional corporate income tax revenues it will derive.

Finally, the national government of which Metroruritania is a part
will be intsrested in the requirements for foreign exchange necessitated by
the development of the Skunlk depesits. Tha development will be both 2
source and a use of foreign exchange and the net effect will have an impact
on the country's balance of payments. Metroruritania will assist in this
analysis. ' :

-



Alternatives CI1, LI1

Sales In:
Domestic Market
Exoort Market

Totals

Alternatives CI2, LI2

Sales In:
Domestic Market
txport Market

Totals

Alternatives CI3, LI3

Sales In:
Domestic Market
Export Market

Totals

i | ] ] ] ] i [ ]
TABLE I
SALES PROGRAM FOR EACH SALES FORECAST
BY PRODUCTION TECHNOLOGY
1980-2000
{Thousands of Tons Per Year)
J98a 1881 1862 1983 1984-1990 1991 -2000
30 " 30 30 30 30 30
10 20 35 40 45 45
49 50 65 70 75 5
30 30 30 30 30 30
10 20 35 4q 45 _0
40 50 65 70 75 100
30 30 30 30 30 30
30 30 30 30 30 30
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TABLE 11

ANNUAL GROSS BENEFITS OF EACH
SALES PROGRAM/PRODUCTION PROCESS ALTERNATIVE
{Thousands of 1976 Dollars)

1980 1983 1982 1983 1984-1990 1991-2000
Alternatives CIV, LI '
Domestic Sales $690 § 690 $ 690 $ 690 $ 690 $ 690
Export Sales 250 500 875 1,000 1,12% 1,125
Economic Rent on Domestic
Sales 45 45 A5 45 45 45
Total Gross Benefits . $985 $1,235 $1,610 $1,735 . $1,860 $1,860
Alternatives CI2, LI2
Donestic Sales $690 $ 690 $ 690 $ 690 $ 690 $ 690
Export Sales . 250 500 875 1,000 1,125 1,750
Economic Rent on Domestic
Sales 45 45 45 45 45 45
Total Gross Benefits 885 $1,235 $1,610 $31,735 $1.,860 '$2,485

Alternatives CI3, LI3

Domestic Sales . $690 $ 690 $ 690 $ 690 $ 690 $ 690
Export Sales R - - - - -
Economic Rent on Domestic _

Sales 45 45 45 45 15 45

Total Gross Benefits $735 § 735 $ 735 $ 735 $ 735 $ 735

‘¢ »bey



TABLE III A

INVESTMENT QUTLAYS - ALTERNATIVE CI

{Thousands of Dollars)

Page 14.

Amount Amount
Payable In Payable In
Total Domestic Foreign
Investment Currency Currency
Civil Engineering and Building Work $ 220 $220
Equipment 1,600 400 $1,200
Offices 220 145 75
Stocks 265 265
Housing and Amenities 240 165 75
Totals $2,545 $930 $1,615
TABLE 111 B
INVESTMENT OUTLAYS - ALTERNATIVE LI
{Thousands of Dollars}
Amount Amount
Payable In  Payable In
Total Domestic Foreign
Investment Currency Currency
Civil Enginecring and Building Work $ 200 $200
Equipment 950 313 3 637
Offices 220 145 75
Stocks 265 265
Housing and Amenities 300 225 75
Totals $1,935 $883 $1,052



TIMING OF INVESTMENT QUTLAYS - ALTERNATIVE CI

TABLE IV A

{Thousands of Dollars)

Civil Engincering and Building
Equipmant

Qffices

Stocks

Housing and Amenities

Totals

Civil Engineering and Building
Equipment

Offices

Stocks

Housing and Amenitias

1976 1977 1978 1679 1590
$220
700 $600 $300
200
§20C 65
240
$920 $820 $440 $365
TABLE IV B
TIMING OF INVESTMENT QUTLAYS - ALTERNATIVE LI
{Thousands of Dcllars)
1976 1677 1978 1979 1989
$200
400 $400 $150
220
$200 65
300
£600 §620 $5C0 $218

Totals



TABLE V A

ANNUAL OPERATING COSTS FOR
AN QUTPUT OF 75,000 TONS PER YEAR - ALTERNATIVE CI

(Thousands of 1976 Dollars)

1980 1981 1982 1983
Wages (Operation and Main‘tenance)1 $110  $113  siie  §118
Operational Supplies 50 50 50 50
Fuel 0112 3 150 158 166 174
Maintenance 50 53 56 60

Salaries - Management and
Professional - 40 40 40 40
Offices ond Miscellangous 50 50 50 50
Totals $450 $464 . $478  $492

TABLE V B

ANNUAL OPERATING COSTS FOR
AN QUTPUT OF 100,000 TONS PER YEAR - ALTERNATIVE CI

Page 15.

1984-2000

3118

50
(t-1) {1+0.053)
(t-1) {1+0.08)

40
50

(Thousands of 1976 Dollars)

1980 1981 1982 1983
Wages (Operation and Men'nte:rzance)‘| $150 $154  $158  $162
Operational Supplies 70 70 70 70
Fuel 0i1¢ 3 200 210 221 232
Maintenance 70 74 77 81
Salaries - Management and
Professional 40 40 40 40
Offices and Miscellancous 50 50 50 50
Totals $580 $598 $616 3635

12842000

$162

70
(t-1) (1+0.05)
(t-1) {1+0.06)

40
50

0
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TABLE VI A

ANNUAL OPERATING CQOSTS FOR 4
AN QUTPUT OF 75.000 TONS PER YEAR - ALTERNATIVE LI
(Thousands of 1976 Dollars)

1980 1881 1982 1983 1984-2000
Wages (Operation and Maintenance)1 $332 $340 8349  $358 $366
0perat1onal Supplies 45 45 45 45 45
Fuel 0112 112 118 123 130 {t-1) {1+0.05)
Maintenance’ 45 48 5] 54 (t-1) (1+0.06)
Salaries - Management and
Professional 81 81 81 81 81
Offices and Miscellaneous 60 60 60 &0 60
Totals $675 $692 4709  §728 - '
JABLE VI 8

ANNUAL QPERATING CQOSTS FOR
AN QUTPUT OF 100,000 TONS PER YEAR - ALTERNATIVE LI
(Thousands of 1976 Dallars)

1980 1931 1982 1983 1984-2000
Wages (Operation and Mai.'1ta=znance).I $440 $451  $462 85474 $486
QOperational Supplies 60 &0 60 60 60
Fuel 0112 : 150 158 165 174 (t-1} (1+0.08)
faintenance 60 64 67 71 (t-1) (1+0.06)
Salaries - Management and
Professional 110 110 110 110 110

Offices and Miscellaneous 80 80 80 30 80
Totals $900 $923 $944 5969 -




TABLE ¥II
CALCULAYION OF TERMINAL VALUE OF WILDLIFE-BASED RECREATION
T{TY80-2600)
Without the Project With the Project
Terminal Yalue in Year 20 at 5% Terminal Value in Year 20 at
) Hunte Annual Ang]eq Annual Value of Value Hunte; Annua Angler  Annua Value Value

Yoer Days' Hunting Value Days' Fishing Value Hunting of Fishing Total Days Value Days! Value? of Hunting of Fishing Total
1930 000 $ 10,200 300 $ 7,100 $ 23,880 $ 3,980 § 27,860 600 $ 9,000 300 $ 1,500 § 27,064 $65,672 332,636
1981 600 10,200 300 2,100 22,743 3,790 26,533 600 9,000 300 1,500 25,775 5.307 31,082
1982 609 10,353 305 2,135 21,660 3,610 25,270 600 9,000 300 1,500 24,916 5,138 30,054
1983 618 10,506 309 2,163 20,628 3,438 24,066 600 9,000 300 1,500 24,080 4,958 29,038
1984 627 10,659 314 2,198 19,646 3,274 22,920 600 9,000 300 1,500 23,267 4,7¢¢ 23,060
1935 637 . 10,829 318 2,226 18,710 ing 21,828 600 9,000 300 1,500 22,513 4,628 27,141
1986 646 10,982 23 2,261 17,879 2,970 20,849 600 9,000 300 1,500 21,744 4,477 26,221
1957 6506 11,152 328 2,296 16,971 2,820 19,791 600 9,000 300 1,500 21,029 4,329 25,358
1988 666 11,322 KKE] 2,331 16,163 2,694 18,857 600 9,006 300 1,500 20,333 4,186 /4,519
1439 675 11,492 333 2,366 15,393 Z,566 17,959 600 9,000 260 1,500 16,655 4,047 23,702
153 686 11,662 343 2,461 14,660 2,443 17,1G2 6C0 9,000 500 1,500 18,996 3,911 22,907
1991 696 11,832 343 2,436 13,9562 2,327 16,289 600 9,000 300 1,500 18,355 3,779 22,134
1992 707 12,019 353 2,471 13,297 2,216 15,513 600 - 9,060 300 1,500 17,759 3,651 21,410
1993 nz 12,189 359 2,513 12,664 2,1 14,775 600 9,000 300 1,500 17,151 3,536 20,687
1994 728 12,376 Jo4 2,548 12,061 2,010 14,07 600 9,600 300 1,500 16,525 3.415 20,000
1995 7139 12,563 370 _ 2.590 11,487 1,914 13,401 ) 600 9,000 300 1,500 16,034 3,306 19,236
1996 750 12,750 375 2,625 10,940 1,823 12,763 600 9,000 300 1,500 15,498 3,191 18,689
1997 751 12,937 381 2,667 10,419 1,736 12,155 600 9,000 300 1,500 14,976 3,087 18,063
1938 173 13,141 286 2,702 9,923 1,654 1,577 600 9,000 300 1,500 14,488 2,979 17,467
1999 7E4 13,328 392 2,744 9,450 1,575 11,025 600 9,000 300 1,500 13,994 2,881 16,875
2000 7% 13,532 398 2,786 9,000 1,500 10,500 600 9,000 300 1,500 13,532 2,786 16,318
Totals 14,472 $246,024 7,237 150,659 $321,536 $53,559 $375,105 12,600 $189,000 6,300 $31,500 $407,744 $83,961 $491,7C5

See text Section 3.4.1 for rationale behind calculation of hunter-days and angier-days.

2 Daily hunter and angler values taken as the midpoint of each range. $15.00/day for hunting and $5.00 per day for angling.
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CALCULATION OF TERMINAL VALUE OF WILOLIFE-BASED RECREATION
(14BO-20600)

Without the Project With the Project

Terminal VYalue in Year 20 at 5% Terninal Yalue in Yecr 20 at 5.

. Hgnte Annual 2 Ang1e‘ Annual Value of Value H”"t“f Anniua Angler Annua% Value Value
wr ays®' Munting Value Days' Fishing Value Hunting of Fishing Total Days Value pays) Value? of Hunting of Fishing Total
1330 000 $ 10,200 300 $2,100 $ 23,880 $ 3,980 § 27,860 600 $§ 9,000 300 $ 1,500 § 27.064 $ 5,572 § 32,636
1981 600 10,200 300 2,100 22,143 3,790 26,533 600 9,600 300 1,500 25,715 5.307 31,082
1982 609 10,353 305 2,135 21,660 3,610 25,270 6060 9,00 300 1,500 21,916 5,138 30,054
1953 616 10,506 309 2.1f3 20.628 3,428 24,066 660 9,000 300 1,500 24,080 4,958 29,038
1984 627 14,659 N 2,195 19,646 3,279 22,520 600 9,000 200 1,500 23,267 4,748 23,065
1935 617 10,829 k)] T 2,228 18,710 ,nsg 21,828 600 9,000 300 1,500 22,513 4,628 27,141
1586 646 10,982 323 2,261 17,879 2,970 20,849 600 9,000 300 1,500 21,744 1,477 26,221
1957 656 11,152 iz8 2,296 16,971 2,820 14,791 600 9,000 300 1,500 21,029 4,329 25,358
1568 666 1,322 3313 2,31 16,163 2,694 18,857 600 9,00 300 1,500 20,333 4,186 24,519
1663 675 11,442 s 2,366 15,303 2,566 17,959 609 9,000 3CO 1,500 15,685 4,047 23,702
138 686 11,662 KEK] 2,401 14,660 2,443 17,163 6C0 9,600 300 1,500 18,996 3,911 22,907
SN GY6 11,632 348 2,436 13,962 2,327 16,289 600 g.000 200 1,500 18,1355 3,179 22,134
1952 707 12,019 353 2,4N 13,297 2,216 15,513 600 9,000 300 1,500 17,759 3,651 21,410
14993 7 12,189 358 2,513 12,664 2,m 1,725 600 9,000 309 1,500 17,15] 3,536 20,687
1994 7286 - 12,376 J64 2,548 12,061 2,010 14,07} €00 9,600 3200 1,506 16,523 3,415 20,000
1935 739 12,563 370 2,590 11,487 1,914 13,40 600 9,000 300 1,500 16,034 3,305 19,236
1596 1530 12,750 373 2,625 10,940 1,823 12,763 600 9,000 300 1,500 15,498 3,19} 18,689
1392 151 12,937 ki) . 2,667 10,419 1,736 12,155 600 9,000 300 1,500 14,975 3,087 18,663
1938 713 13,141 a6 2,702 9,923 1.654 11,577 600 9,000 300 1,500 14,488 2,979 17,467
1999 7€4 13,328 392 2,744 9,450 1,575 1,025 600 9,080 300 1,500 13,994 2,88} 16,875
2060 16 13,532 398 2,786 9,000 1,500 10,500 600 9,000 300 1,500 13,532 2,786 17,318
Totals 14,472 $246.024 7.237 $50,659 $£321,536 $53,569 $375,10% 12,600 $189,000 6,300 $31,500 $407,744 $83,961 $491,705

Sea text Saction 3.4.1 for rationale behind calculation of hunter-days and angler-days.

2 ; S
Daily hunter and angler values taken as the midpoint of each range. $15.00/day for hunting and $5.00 per day for angling.
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TABLE VIII

CALCULATION OF VALUE TERMINAL OF TIMBER PRODUCTION
WITHOUT THE PROJECT
(1980-2000)

Terminal Value in Year Twenty At:

1

Acres Cunits Gross Less 9 Net

Year Logged - Logged Value Costs® Value 8% 10z 128

1995 1,600 56,000 $ 3,080,000 - § 2,520,000 . $ 560,000 $ 822,823 $ 901,885 $ 986,911
1996 1,600 56,000 3,080,000 2,520,000 560,000 761,874 819,896 881,171
1997 1,600 56,000 3,080,000 2,520,000 560,000 705,438 745,360 786,760
1998 1,600 56,000 3,080,000 2,520,000 560,600 653,184 677,600 702,464
1999 1,600 56,000 3,089,000 2,520,000 560,000 604,800 616,000 627,200
Totals 8,000 280,000 $15,400,000  $12,600,000 $2,800,000 $3,548,119 $3,760,741 $3,984,506

! Assumes 35 cunits per acre.

Logging costs of $35.00 per cunit plus transport costs of $10.00 per cunit.
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TABLE IX

CALCULATION OF TERMIWAL VALUE OF TIMBER PRODUCTION
WiTH THE PROJECT
(1980-2000)
Acres Cuni ts Total Gross Less Net Terminal Value in Year Twenty At:
Year Logaed Per Acre Cunits Value Costs Value 8% 105 12¢
1520 400 29.75 © 11,900 $ 654,500 $ 535,500 $ 119,000 $ 554,654 $ 800,572 § 1,147,908
1981 400  30.10 12,040 662,200 541,800 126,400 519,610 736,355 1,036,977
1982 400 30.45 12,180 669,900 548,100 121,800 486,715 677,198 936,638
1383 400 30.80 12,320 677,600 554,400 123,200 455,842 622,711 £45,896
1924 400 31.15 12,450 685,200 560,700 124,600 426,872 572,534 763,847
19€5 400 31.50 12,600 693,000 567,000 126,000 359,693 528,004 £89,E89
1984 400 31.E5 12,740 700,700 573,300 127,400 374,158 483,802 627,618
1937 400 32.20 12,880 708,400 579,600 128,800 350,288 444,653 562,018
19€8 400 32.25 12,900 709,500 580,500 125,000 324,844 404,857 £02,58i
1989 4C0 32,90 13,160 723,800 592,200 131,600 306,844 375,470 457,777
1250 400 33.25 13,300 731,5G0 598,500 133,030 287,137 214,667 473,078
1581 400 33.62 13,440 725,200 &04,800 134,400 263,6¢th 316,908 372,702
1962 400 - 33.55 13,580 746,900 611,100 135,800 251,356 291,059 336,230
1953 400 34.30 13,720 754,600 617,400 137,200 235,137 267,364 303,305
1534 400 34.65 13,360 162,300 623,700 138,600 219,941 245,538 273,572
1665 1,600 35.00 56,000 3,080,000 2,520,000 560,000 822,824 901,886 586,913
1996 400 35.00 14,000 770,000 630,000 140,000 190,468 204,974 220,293
1297 - - - - - - - - -
1998 - - - - - - - - -
1993 - - - - - - - - -
- 2000 - - - - - - - - -
Totals 8,000 263,080 $14,469,400 $11,838,600 $2,620,8060 $6,474,729  $3,218,892  $10,472,026
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TABLE X

TERMINAL VALUE OF GROSS BEMEFITS
FOR THREE SALES PROGRAMS
{ 1980-2000)
Thousands of 1976 Dollars

Alternatives CII, L1 Alternatives CI2, LI2 Alternatives CIJ3, LI13

Number of Years Annual Future Value in Year 20 Annual Future Value in Year 20 Annual Future Value in Year 20
Year To 2000 Gross Benefits B 10% 124 Gross Benefits 8% 105 12% Gross Benefits  B& Rith] 125
1580 20 985 4,591 6,627 9,502 88s 4,125 5,954 8,537 135 3,426 4,945 7,090
198} 19 1,235 5,330 7,553 10,637 1,235 5,330 7,553 10,637 735 3,172 4,495 6,330
1982 18 . 1,610 6,434 8,951 12,381 1,610 6,434 8,951 12,381 135 2,937 4,087 5,652
1983 17 1,735 6,420 8,770 11,913 1,735 6,420 8,770 11,913 735 2,720 3,715 6.047
1924 16 1,860 6,372 8,547 11,403 1,860 6,372 8,547 11,403 135 2,518 3,377 4,506
1985 15 1,860 5,900 7,770 10,181 1,860 5,900 7,770 10,181 735 2,332 3,070 4,023
1986 14 1,860 5,463 7,063 9,090 15860 5,463 7,063 9,090 735 2,159 2,791 3,592
1987 13 1,860 5,059 6,421 8,116 1,860 5,059 6,421 8,116 735 1,999 2,537 3,207
1988 12 1,860 4,684 5,837 7.247 1,860 4,684 5,837 7,247 735 1,851 2,307 2,864
1989 n 1,860 4,337 5,307 6,470 1,860 4,337 5,307 6,470 735 1,714 2,097 2,557
1990 10 1,860 4,006 4,824 5,777 1,860 4,016 4,824 5,717 735 1,587 1,906 2,283
1991 9 1,860 3,718 4,386 5,178 2,485 4,968 5,860 6,891 735 1,469 1,733 2,038
1962 8 1,860 3,443 3,997 4,605 2,485 4,600 5,327 6,153 735 1,360 1,576 1,820
19¢3 7 1,860 3,188 3,625 4,112 2,485 4,259 4,843 5,494 735 1,260 6,973 1,625
1994 6 1,860 2,952 3,29 3.671 2,485 3,943 4,402 4,905 735 1,166 1,302 1,451
1995 5 1,860 2,733 2,99 3.278 . 2,485 3,651 4,002 4,379 735 1,080 1,184 1,295
1996 4 1,860 2,531 2,723 2,927 2,485 3,381 3,638 3,910 735 1,000 1,076 1,157
1937 3 1,860 2,343 2,476 2,613 2,485 3,136 3,308 3,49} 735 926 1,233 1,033
1998 2 1,860 2,170 2,251 2,333 2,485 2,899 3,007 3,117 735 857 1,037 922
1999 1 1,860 2.009 2,046  7.0A% 2,485 2,688 2,738 2,73 735 708 809 823
2000 0 1,860 i,860 1,860 1,860 2,485 2,485 _ 2,485 2,485 735 735 735 735
Totals 37,185 85,553 10?.315 135,377 l 43,335 94,140 115,603 145,360 15,435 36,882 52,985 60,050

! In thousands of 1976 dollars.
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TABLE XI

TERMINAL VALUE OF OPERATING COsTS
FOR BOTH OUTPUT LEVELS - ALTERNATIVE Cl
(Thousands of 1976 Dollars)

Terminal Value in Year 20 At ‘ _Terminal Value in Year 20 At
75,000 TPY 100,000 TPY
Years To Annual Annual

Year Maturity Operating Cost i24 10% 12% Operating Cost B8y 10K 129
1980 20 : 450 2,097 3,027 4,341 580 2,703 3,902 5,595
1981 19 A64 2,002 2,038 3,99 €98 2,581 3,657 5,150
1982 18 478 1,510 2,658 31,676 €16 2,462 3,425 4,737
1983 17 492 1,820 2.487 3,378 635 2,350 1,210 4,360
1984 16 504 Y, 727 2,316 3,090 656 2.247 3,014 ° 4,022
1985 15 517 1,640 2,160 2,830 673 2,135 2,811 3,684
1986 14 53 1,560 2,015 2,595 ' 692 2,033 2,628 3,382
1947 13 545 1,482 1.881 2,378 ni 1,934 2,455 3,102
1948 iz o 560 1,410 1,756 2,182 132 1,843 2,297 2,852
1989 n 576 1,343 1,643 2,004 753 1,756 2,148 2,619
1990 10 593 . 1.280 1.538 1,842 776 1,675 2,003 2,410
1991 9 a1b _].23] 1,453 1,708 800 1,599 1,886 2,218
1992 8 526 1,164 1,348 1,557 . 826 1,529 Y77 2,045
1993 7 649 1,N2 1,265 1,435 852 1,460 1,660 1,834
1994 6 670 1,063 1,187 1,322 880 1,39 1,569 1,737
1995 5 691 1,015 1,113 1,218 910 1,337 1,466 1,604
1996 4 714 en 1,045 1,123 91 1,280 1.378 1,481
1997 k| 738 936 9az 1,037 974 1,227 1,296 1,368
1998 2 753 890 923 957 1,008 1.176 1,220 1,264
1999 1 7190 853 869 885 1.044 1,128 1,148 1,169
2000 0 818 218 88 aia 1,083 1,083 3,083 1,083
Totals 12,788 28,318 35,325 44,372 16,740 36,934 46,027 57,766
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TABLE X1}

TERMINAL VALUE OF OPERATING COSTS
FOR BOTH QUTPUT LEVELS - ALTERWATIVE L1
{Thousands of 1976 Dollars)

Jerminal Value in Year 20 At Terminal Value in Year 20 At
75,000 TPY 100,000 TPY
Years To Annual Annual

Year Maturity Operaving Cost 8% 1o 122 Operating Cost 8% 104 127
1930 20 675 3,146 4,541 6,511 900 4,195 6,055 3,622
1981 19 692 2,986 4,232 5,560 923 3,983 5,645 7,953
1982 18 709 2,633 3,942 5,452 934 3,772 5,249 7,259
1983 17 728 2,694 3,680 4,998 959 3,585 4,898 6,653
1984 16 ILY) 2,559 3,432 4,579 599 3,405 4,567 6,094
1985 15 756 2,398 3,158 4,138 1,008 3,198 4,211 5,517
1936 14 187 2.253 2,913 3,748 1,022 3,002 3,621 4,995
1987 13 778 2. e 2,685 3,395 1,037 2,820 3,580 4,525
1983 12 790 1,939 2,479 3,078 1,053 2,652 3,365 4,102
1939 n 803 1,872 2,29 2,793 1,070 2,495 3,093 3,722
1990 10 816 1.762 2,116 2,534 1,088 2,349 2,822 3,379
1991 9 830 1.659 1,957 2,302 1,106 2,1 2,608 3,667
1992 8 643 . 1,560 1,807 2,087 1,126 2,024 2,04 2,783
1993 7 860 1,474 - 1,676 1,901 1,147 1,566 2,235 2,536
1564 6 a1t 1,392 1,554 1,731 1,168 1,853 2,069 2,305
1995 5 894 1,314 1,440 1,576 1,191 1,750 1,918 2,099
1996 4 912 1.241 1.33% 1,435 1,216 1,654 1,780 1,913
1997 3 931 1,173 1,239 1,308 1,241 1,553 1,652 1,744
1998 2 952 1,110 1,152 1,194 1,267 1,478 1,533 1,559
1959 1 o81 1,059 1,079 1,099 1,296 1,460 1,426 1,452
200G G i,104 1,504 i,104 i,104 1,327 1,327 1,327 i,327
Totals 17,445 39,694 49,813 62,923 23,093 52,142 66,228 83,698
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Years To
24
23
22
21
20
19
18
17
16
15
14
13
12

—
[ QT

o — N W s ;Y O~ O W

Totals

Yoar

1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1588
1989
1990
1951
1992
1993
1994
1965
1996
1897

. 1998

1999
2000

TABLE XIII

TERMINAL VALUE OF CAPITAL COSTS
FOR ALTERNATIVE CI

(Thousands of 1976 Doltars)

Yearly
Qutlay

920
820
+ 440

Terminal VYalue in Year 20 At -

5,407 8,237 12,468
4,458 6,675 9,922
2,215 3,256 4,754

788 g47 1,134

12,862 19,115 28,272



Years To
Maturity
24
23
22
21
20
19
18
17
16
15
14
13
12
1
10

uy

Lan N o T VY R - R S T o ) T B 0 ]

Totals

Year

1976
1977
1978
1979
1980
1881
1982
1983
1984
1985
1986
1987
1988
1989
1930
1991
1992
1993
1994
1985
1996
1997
1998
1999
2000

TABLE XIV

Page 25.

TERMINAL VALUE OF CAPITAL CUSTS
FCR ALTERNATIVE LI

(Thousands of 1976 Doljliars)

Yearly
Qutlay

600
620
500

Terminal Value in Year 20 At

3,523 5,373 8,131
3,37 5,047 7,502
2,517 3,700 5,402

464 558 668

8,875 14,678 21,703



TADLE XY

ALTERNATIVE LI
~ SUMMARY OF PROVINCIAL IRCOME ACCOUNT
TERMINAL VALUES IN THOUSANDS OF 1976 DOLLARS

Sales Program 1

Sales Program 2
8% g 2

__Sales Program 3
¥ 10t

8 0% 2% b4
Terminal Value of Gross Bepnefits: TV{A8) 85,553 107,05 135,377 94,140  ¥16,603 145,360 36,882 52,985 60,050
Terminal Value of Costs:
Terminal Value of Capital Casts 9,875 14,678 2,703 9,875 14,678 21,763 9.87% 14,678 21,103
Terminal Value of Operating Costs 39,694 49,813 62,923 52,742 66,228 83,698 39,694 49,813 62,923
Terminal Value of Other Resource Uses Foregone
- Wildlife Dased Recreation2 117 17 117 117 n7 nz 117 nz 117
- Porestryl {2,926) (4.458) (6,488) {2,926) (4.459) (5,488) (2,926) (4.,438) (6,458)
Total Yerminal Value of Costs: TY{C) 46,760 60,150 78,255 59,806 16,565 93,030 46,760 60,150 78,255
Terminal Value of Net Benefits; TV{NB) 38,793 47,165 57,122 34,332 40,038 46,330 (9.828) (7,165) (18,205)
! A reduction of costs,
Compounded at the assuned rate of social time preference of 5%.
] L L ] r ' ) L ] ¥ L i I ] i i
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TABLE XV
ALTERNATIVE LI
SUMMARY OF PROVINCIAL INCOME ACCOUNT
NORMALTZED TERMINAL VALUES IN THOUSAHDS OF 1976 DOLLARS
Sales Program 1 Sales Program 2 Sales Program 3
BZ 16 2% & T0% [H3 8% 03 125
Normalized Terminal Value of Gross Benefits: TV(B} 71,008 89,071 112,362 © 74,370 92,116 114,834 30,612 13,978 49,842
Normalized Terminal Value of Costs:
Normalized Terminal Value of Capital Costs 8,19 12,183 18,013 7.801 11,596 17,145 8,196 12,183 18,013
Normalized Termipnal Value of Q(perating Costs 32,946 41,245 52,226 41,666 52,320 66,121 32,946 41,345 52,226
Normalized Terminal Value of Other Resource
Uses Foregone
- Hildlife Based Ret:rceatitm2 97 a7 97 92 g2 92 97 97 97
- Furestry' {2,429) {3,700) (5,385) {2,312)  (3,522) (5,126 (2,429) (3,700} {5,385}
Total Normalized Terminal Yalue of Costs: TV(C) 33,810 49,925 64,95} 47,247 €0,486 78,232 38,810 49,925 64,951
Normalized Terminal Value of Net Benefits: TV(B) 32,198 33,146 47,411 27,123 31,630 36,502 {8,198)  (5,947) (15,109)
Benefit-Cost Ratio (TV{2)/TV({C)} 1.83:1.0 1.78:1.0 1.73:1.0 1.57:1.0 %1.52:1.0 1.47:1.0 0.79:1.0 0.B8:1.0 0.77:1.0

! A reduction of costs.

Compounded at the assumed rate of social time preference of 5%.
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Terminal Value of Gross Bepefits: TV(B)

Terininal Value of Cosks

Terminal Value of Capital Costs

Terminal Value of Operating Costs

Terminal Value of Other Uses Foreqone:

- Wildlife Based Recreation2
- Forestry!

Total Terminal Value of Costs: Tv{C)

Terminal Value of Hat Benefits (Tv{NB))

Benefit-Cost Ratio: {TV{B)/TV(C})

! A reduction of costs.,

s

TAGLE Xv11

ALTERNATIVE CI
SUMMARY OF PROVINCIAL TNCOME ACCOUNY
TERMINAL VALUES IN THOUSANDS OF 1976 DOLLARS

Sales Program | Sales Prcaram 2 Sales Program 3

73 107 2% i 1Y T2 71 10, 2T
85,553 107,315 135,377 94,140 16,603 145,360 16,5682 52,985 640,050
12,862 19,115 28,2712 12,862 19,115 23,272 12,862 19,115 28,292
28,318 35,325 44,372 36,934 45,027 57,166 28,318 35,325 44,1372
M7 17 17z m7? 17 117 Iy n7 17
2,926) (3,458) (6,428) 12,926) {3,a58) (6,488) (2.926) (3,158}  {6,488)
38,371 51,099 66,273 45,9827 61,801 79.667. 38,31 51,099 66,273
47,182 56,216 63,104 47,183 54,802 65,693  (1,489) 1,886 (6,223}

2.231.0 2.10:1.0 2.04;1.0 2.00:1.0 1.8G:1.0 1.82:).0 0.96:1.0

Compounded at the assumed rate of social time preference of 5%.

1.04:1.0 0.91:1.0
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TABLE XVIIT

CALCULATION OF NORMAL1ZATION FACTOR
FOR_LABOR INTENSIVE ALTERNATIVE

Page 29.

8%

TERMINAL VALUE OF CI QUTLAYS:  75,000TPY  100,000TPY
Operating Cost 28,318 36,934
Capital Cost 12,862 12,862
Other Resource Uses Foregoing

Wildlife Based Recreation 117 117
Forestry 2,926 2,926
TOTALS 38,371 46,987

TERMINAL VALUE LI OUTLAYS:

Operating Cost 39,694 52,742
Capital Cost 9,875 9,875
Other Resource Uses Foregoing
Hildlife Based Recreation 117 117
Forestry (2,926) (2,926}
TOTALS 46,760 59,808

TERMINAL VALUE OF LI OUTLAY:
TERMINAL VALUE OF CI OUTLAY 0.83 0.79

10%
75,000TPY  100,000TPY
35,325 46,027
19,115 19,115

117 117
4,058 4,458
50,099 60,801
49,813 66,228
14,678 14,678
117 117
(4,458) (4,458)
60,150 76,565
0.33 0.79
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TABLE XIX

EXPENDITURES -AND ADJUSTMENTS TO PROJECTS TO
MEET NON- [NCCHE OBJECTIVES
TERMIKAL VALUES IN THQUSANDS GF 1976 DOLLARS

Capital Intensive

Labor Intaonsive

Plan Plan
Education and Labor Retraining $ 9,500 $12,000
Implanznting Safety Technology:
Increased C2pital and Operating Expense 2,500 1,200
Safety Education Program : 200 350
Total Expenditures $12,200 $13,550
Additional Ewployment in Man-Years per Year - 200
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