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ABSTRACT

The main purpose of this dissertation is to develop
and explain the methodology of applying benefit-cost analysis
to public health projects and then to apply it to a specific
case: the tuberculosis control program (TCP) in Ontario from
1948 to 1966.

The benefits and costs of the program as estimated
in this study are the marginal benefits and marginal costs.
To compute these marginal benefits and costs, 1948 is taken
as the base line year from which the changes in benefits
and costs are measured. It was in this year that (1) "wonder
drugs" which revolutionised the treatment of tuberculosis
were becoming generally available and (2) the federal govern-
ment started giving grants to provinces to fight tuberculosis.
Consequently, the "Extended Tuberculosis Control Program"
was launched in Ontario. Ours is a study of the economics
of this program.

The benefits of the project (B) are defined as all
advantageous effects (in constant 1949 dollar terms) to
society. They are given by the discounted value of the

yearly marginal benefits flowing from: (1) Reduced Deaths (Bl);

(2) Reduced Disability (Bz); and (3) Reduced Debility (B3) due

to control of tuberculosis in Ontario.
Disability is defined as sickness sufficient to
cause absence from work. Debility does not cause absenteeism

but reduces workers productivity on the job. It has not
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been possible to estimate the social benefits of reduced
debility. Therefore, the benefits as measured numerically
l‘+ B2‘

The costs of the project are total inputs of goods

are simply B = B

and services (in constant 1949 dollar terms) which had to

be expended on the TCP in Ontario from 1948 to 1966. These
costs include the costs of case finding,; isolation and
treatment. They are calculated by summing the costs incurred
by various sources and agencies which spend on the TCP in
Ontario.

Two sets of marginal costs are produced. One is
computed by assuming that in the absence of the TCP total
expenditure on tuberculosis in Ontario would have remained
constant at the average level obtained in the last 3 years
before the "Extended Program" was launched in 1948. The
other is estimated on the assumption that not the total
expenditure but the average per capita expenditure would
have remained constant at the average level reached in those
three years.

The results of our research are presented for the

three main criteria of project selection: (1) Net Present

"Value; (2) Benefit-Cost Ratio; and (3) the Internal Rate

of Return. Three different rates of interest -- 4, 8 and
15% -- are used for purposes of discounting in the case of
net present value and benefit-cost ratio.

In each case we find that the investment of extra

resources in the "Extended Tuberculosis Control Program"
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in Ontario from 1948 to 1966 has been quite beneficial to

society. Even when we do not count the incalculable gains
made in human happiness and welfare and consider only the

economic benefits achieved, the program turns out to be a

profitable use of resources.

Moreover, our conclusion remains true even when

the benefits of the program are adjusted downwards to take
-account of the improved medical technology resulting from

the discovery of "wonder drugs".



ACKNOWLEDGEMENTS

I wish to express my sincere thanks to the

members of my dissertation committee: Professors T.M.

Brown (Committee Chairman), P.G. Tomlinson and J.D. May,

for their encouragement, assistance, advice and guidance.

I am particularly indebted to Professor Brown for giving

me his time generously and for sending his comments promptly.
My dissertation has gained immeasurably from his wvaluable
criticisms and suggestions. He has been a continuous source
of inspiration and encouragement in completing this thesis.

I am very grateful to Professor Tomlinson for having agreed
to remain on the committee even when he moved td Trent
University. He showed continuous interest in the progress
of my work and was always ready to discuss the conceptual

as well as the empirical issues involved in this study. I
have bernefitted greatly from these discussions and from his
useful comments. Professors Brown and Tomlinson have guided
my dissertation from the very beginning. Later on, Professor
May was added to the committee. He very kindly read the
entire draft of the thesis and made many valuable comments
and suggestions. It is a great pleasure to acknowledge my
gratitude to him.

I have gained also from the helpful comments and
suggestions made by other faculty members - particularly
Professors Ed. Saraydar and Peter Kuch - at the time of the
"Departmental Defense". I wish to express my thanks to

Professor W.E. Vickery who ¢ave me the benefit of his

vi



comments on the earlier drafts of the first three chapters
of this dissertation,

Mr. Michell Plouffe wrote the necessary computer
programs and helped me with the computations. I am highly
thankful to him for his valuable assistance,

I wish to express my appreciation to Dr. M,J. Ashley
of the Ontario Department of Health and (Mrs.) N, Lytle of
the Ontario Tuberculosis and Respiratory Disease Association
for providing me some of the necessary data.

I want to thank the Department of Economics, Univer-
sity of Western Ontario, for giving me financial assistance
in the earlier period of this work. I wish to acknowledge
with appreciation also the financial help given by the govern-
ment of Ontario in the form of its Graduate Fellowships
which I received for three years.

Special thanks are due to Miss Louise Beaudin for
doing an excellent job of typing the final draft. She worked
hard but with cheer, patience and skill.
| To my parents, who always have encouraged me in my
pursuit of higher education, I want to express my sincere
gratitude.

Finally, I wish to express my deep appreciation to
my wife, Sheila, who typed the earlier drafts of the first
four chapters. But more importantly, she ceaselessly encour-
aged and urged me to complete my dissertation. She, along
with our children, endured inumerable lonely evenings and
weekends to enable me to finish it. Her understanding and

patience have been of immense value to me in my work.

vii



" TABLE OF CONTENTS

Page
CERTIFICATE OF EXAMINATION.,secccccscccccacscscccsons ii
ABSTRACT e« ceesececassssnssssassssssscsssssaracnascetcss iii
ACKNOWLEDGEMENTS . ccasacscsacsassssccsassascssssascascss vi
TABLE OF CONTENTS.:eceeesscsssscrssescssnsscssosascses viii
LIST OF TABLES. .cceccsccsasscacscscscscssacnascsssccs xii
CHAPTER I. INTRODUCTION.::ceacsoascsccnnccnnsacaasecs 1

1. Previous Research and the Contribution of

this Study....'..l...l...l..“..l..l...'....'.i 4
2. A Few Points of Measurement and Terminology...«. 10
3. mTuberculosis Control Program in OntariOecesesss 13

4. 1948: A Year of Breakthrough.....ccccaccccoans 17

5. Why Choose TuberculosiS...ccecoccareccaconanene 20

CHAPTER II. THE ROLE OF GOVERNMENT IN PUBLIC
HEALTH'......'.‘..................'...I‘. 26

1. PUbliC Healtho.....-..no-..oc.o.oclc.o..tco--nn 26

2. The Rationale for Covernment's Role in Public
Health.ﬂl...ﬂlﬂl...Il....“..l..........I‘..... 27

2.1 Public Health as a Public GOOd.eeesaasosnans 28
2.2 Externalitiesti.'...'....l......Q.l.(l'... 34

2.3 Increasing Returns to Scale..cccecacccnccss 44

CHAPTER III. BENEFIT-COST ANALYSIS: A GENERAL
BACKGROUND.......I..‘.'..ll..l.l'.""' 49

1. Benefit-Cost Analysis and the Program Planning
and Budgeting SyStemM....ccecesecrcaccccancacccs 49

2. Benefit—Cos£ Analysis and Profitability
Analysis‘.....'....‘CI'.....I..'.'...'.Q.l..... 50

3. The Evaluation Methods.....cccececcecrecccccces 52

viii



Page

3.1 The Present Value Method...ceecectecesennns 53
A' Net _PresentValueliﬁi..itill"...;'..' 53

Bc Benefit"COSt Ratio...--...-........... 59

3.2 Rate of Return MethOd.icceeeetecsscesssncns 63

4. Efficiency and Non-Efficiency Objectives....... 67

CHAPTER IV. BENEFIT-COST ANALYSIS OF TUBERCULOSIS
CONTROL PROGRAM: METHODOLOGY.::eeecscns 75

1. Benefits of the Program..cececsassceccnsscassccos 76

1.1 Benefits from Reduced DeathS.:.ccsveicecccss 76
A. Reduction in the Number of Tuberculosis

DeathS.cceeesasvsenscacccasassrasnansns 77
B. Present Value of Life-Time Earnings... 80
C. Assumptions and Some Points of Clari-

FicatioONeecceasascosccsssssssacsccccscns 83
C. Discount Rat@.ceeseecacessssccscsansnces 91

1.2 Benefits from Reduced Disability..:eeccee. 92
A. Reduction in the Number of Tuberculo-

S1i8 CASES.eessoosssssssnsssssassnscasnes 93

B. Tuberculosis Incidence Rat€...c¢ecvaeee 97

C. Other Dat@..cceescccasosascrescssacssnes 99

1.3 Benefits from Reduced Debility..ceeeecesees 99

2. Costs of the Program..cccecccccscasesseccsacasace 101
3. Some Other ConsiderationS...cecececscsccsccccoen 103
3.1 Environmental Factors and Tuberculosis.... 103

3.2 Technological Change and Benefits of the
Tuberculosis Control Program......es.esse. 107

CHAPTER V. BENEFIT-COST ANALYSIS OF TUBERCULOSIS
CONTROL PROGRAM: RESULTS.:ccecccscocscsce 117

1. Benefits of the Program....cceeescscscscescnsecs 117
1.1 Benefits from Reduced DeathS....ccecececn. 117
A. Present Value of Life-Time Earnings... 117
B. Reduction in the Number of Tuberculo-
Sis DeathS.cecescsccssosesscscsasccnonscccs 134

C. Estimated Values of Benefits From
Reduced DeathS.eceeececactsoasccccncnss 137

1.2 Benefits From Reduced Dlsablllty.......... 138

A. Data on Reduction in Tuberculosis
Cases..‘..'.‘.I........l.'.......‘..l. 140

ix



2‘

B,
C.

Other Data'.......‘..‘.Q.QI...‘QI."."
Estimated Values of Benefits from
Reduced Morbidity T @ ¢ 8 ¢ & &4 § 8 ¢ & QA9 98O SO -

1.3 Total Benefits of the Program...eceeeceacs

Costs of the Program.eccesecccscsccceccssssanccccscs

2.1 Total Costs of the PrograM.escccecscssscsee

A.
B'

C.
D.
E'
F!

G.
H.

Public Sanatoria COStS.eceessscsacaasas
Estimated Costs of Federal Sanatoria

and Tuberculosis UnitSeceeccceccsncsces
Estimated Costs of Tuberculosis Treat-
ment in Mental HospitalS...-.:ceeeececnes
Expenses of the Division of Tuberculo-
Sis PreventioN..cccescssccscacaccasasna
Building Grants to Sanatoria....cceee.
National Health GrantSiscscesccccssans
Expenditures by Voluntary Agencies....
Estimated Values of the Total Costs...

2.2 Comparison With Other Estimates....c......

2.3 Real Total COStSQ-uQou.l.....o:oocn!t.....

2.4 Marginal COStSeceecsessersnsccncaseccnasoncs

The Final Results.-...'0.n--ouo-o...u.n..-.-.o.

3.1 Net Present ValuUC.ceecsecsrssssasasoscscsasans

3.2 Benefit"COSt Ratio.-....-...-.-.........-.

3.3 Internal Rate of ReturnN....ccccecececcscccccs

APPENDIX A:

1.

SOCIAL DISCOUNT RATE.c:ceceoasceasasaacse

Controversy at the Conceptual Ievel.ceeeeceenns

1.1 Market Rate of Interest..ceceecsccaccescnse

1.2 Social Time Preference Rat€..ccccscacsence

1.3 Opportunity-Cost of Capital Rate..........

Magnitude of the Appropriate Discount Rate.....

2.1 Marginal Productivity of Capital and
Social Opportunity Cost Rate....ceeccececcan

2.2 Sources of Funds Approach to Social Oppor-
tunity—cost Rate....'.‘..l‘l....l.l......Q

Page
148

149
151
151

154
154

156
157
158
159
160
16l
163
leé3
166
167
169
169
169

171

181
182
182
185
190

192

193

195



Page

3. Real Versus Financial Rate of Interest........ 199

4. Adjustment £Or RiSKiceusessasesseceoanncccecacns 200
ABBREVIATIONS USED FOR SOME JOURNALS.:cccacscesccacacse 208
SELECTED BIBLIOGRAPHY . ::cccecscsscssasscascsccsccccnasacse 209

VITAO.I..l.....OI.Il‘..'l..l...!‘......l..!O.Q....Q.. 219

xi



Table

1.1

LIST OF TABLES

Description

Total Health Expenditure by All
Governments and Also These Expendi-

tures as Percentage of Total Govern-

ment Expenditures and Total Health
Expenditures

Total General Expenditure on Health
by All Governments in Canada by
Function, 1947-1962

Costs and Benefits of Projects A & B

Comparison of Tuberculosis Death
Rates of United States in 1925 and

1960 with Rates in European Countries

in 1960

Average Earnings by Age and Sex,
Canada

Average Earnings by Age and Sex,
Ontario

Hourly Earnings and Hours of Work,
Canada, 1926 and 1961

Average Earnings of Housekeepers

(Except Private Households) , Matrons

and Stewards, Ontario

Participation Rates for Women by
Age, Canada: 1948-1966

Participation Rates for Men by
Age, Canada: 1948-1966

Discounted Lifetime Monetary Earn-
ings by Sex and Selected Years of
Age, Ontario, 1948, 1957 and 1966

Discounted Lifetime Real Earnings
by Sex and Selected Years of Age,
Ontario, 1948, 1957 and 1966

Benefits from Reduced Tuberculous

Deaths Discounted to 1948, Ontario,
1948, 1957 and 1966

xii

Page

62

105

119

120

124

127

130

131

135

136

139



Table

5.10

5.11

5.12

5.15

Description

Benefits from Reduced Tuberculosis
Morbidity Discounted to 1948, Ontario,
1948, 1957 and 1966

Marginal Benefits of the Tuberculosis
Control Program Discounted to 1948,
Ontario, 1948 to 1966 (Current Dollars)

Marginal Benefits of the Tuberculosis
Control Program Discounted to 1948,
Ontario, 1948 to 1966 (1949-Dollars)

Total Costs of the Tuberculosis Control

Program, Ontario, 1948-1966 (Current
Dollars)

Total Costs of the Tuberculosis Control
Program, Ontario, 1948-1966 (1949~
Dollars)

Marginal Costs of the Tuberculosis
Control Program Discounted to 1948,
Ontario, 1948-1966

Net Present Value of the Project
Benefit-Cost Ratios of the Project

Rates of Return on the Project

xiii

Page

150

152

153

l64

166

168

170

171
174



CHAPTER I

INTRODUCTION

Economists are becoming increasingly interested in
doing research in problems pertaining to health and medical
care. It has been recognized that health expenditures are
not just welfare expenditures or transfer payments but repre-
sent an investment in human capital which can bring high
returns to society. Health programs have contributed to eco-
nomic growth in developed countfies by not only increasing
the numbers in the labour force and reducing the time lost
due to sickness but also by improving the quality of labour.
It has been shown that continuing improvement in the health
of the people will remain an important factor in the future
growth of economies like that of Canada and the U.S.A, For
example, for the U.S.A., Denison gstimates that if the death
rate of the population under 65 is cut overnight by one-tenth,
it will add 0.02 percentage points to the expected 1960-80
growth rate. He also measures the contribution that any
change which cuts time lost from work because of sickness
and accidents can make to economic growth of the U.S.A. He
sums up his findings in the U.S.A. He sums up his findings
in the following words:

Suppose lost time could somehow be cut one-fourth by
1980. This would raise labour input by 1.1 per cent,
national product by 0.9 per cent, and the 1960-80 growth
rate by .05 percentage points.

He gives estimates for the contribution made by

education also.



This recognition of the part played by human capital
in economic growth has helped economists solve the puzzle of
observed divergence between increase in factor inputs --
labour time, natural reésources and capital -- and the conse-
quent increase in national income.2 On the practical side,
the effect of these findings has been the increase in expendi-
tures incurred by governments in providing services like
health and education.

Traditionally, health care in our society has been
primarily an individual's responsibility. But over the years
governments in almost all countries have started to take more
and more interest in the general health of society. Many types
of schemes for subsidizing private expenditure on health care
have come in vogue in different countries. Consequently, there
has been more and more public expenditure on health care. In
Canada, for example, health expenditures by all levels of
government (federal, provincial and municipal) have been going
up in recent years: as a percentage of both.the total govern-
ment expenditure and the total health expenditure in the
country. This is very clearly brought out by the data given
in Table 1.1. In fact there are areas of health care where
the provision of services must be undertaken by the government
if they are to be provided at all. These areas collectively
comprise what we call public health. Why the provision of
public health services is necessarily to be left to government

will be discussed in the next chapter. Suffice it to say
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here that the supply of public health services generates
externalities on a large scale (cf., Ch. II); hence it is
highly unlikely that the free market would allocate resources
in this area in a socially efficient or optimal way .

Public health expenditure in Canada is generally
between 10 to 15 per cent of the total government expenditure
(excluding that on sanitation) on health. If we add to it
the expenditure on sanitation -- sanitation and waste removal,
after all, are an important part of public health services --
then the total public health expenditure forms about 20 to 30
per cent (though in some years it has been even more than 30
per cent) of the total government expenditure on health. The
relevant statistics are presented in Table 1.2. Because this
expenditure is undertaken by government on behalf of the pub-
lic, as distinct from the expenditure incurred directly by
the public in the market~place, there is no check, like pro-
fitability in the private sector, that resources are not being
misallocated and wasted. In other words, in such cases we
cannot use market-mechanism methods to find out whether the
resources are being optimally used or not. Hence some other
test of efficiency must be found. One of the methods employed
to study efficiency in the use of government resources is .
benefit-cost analysis.

1. Previous Research and the Contribution of this
Study

The main purpose of this dissertation is to develop

and explain the methodology of apﬁlying benefit-cost analysis
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to public health projects and then to apply it to a specific
case -~ the Tuberculosis Control Program (TCP) in Ontario
from 1948-1966.

There have been some economic studies of disease
control programs in the past. In the U.S.A., Weisbrod tried
to evaluate "quantitatively certain of the benefits to
society of successful attempts to eliminate three specific
diseases -- cancer, tuberculosis and poliomyelitis."3 Klarman
has given estimates of potential benefits from eradication of
syphilis.4 For Canada some estimates of the value of lost
productivity from selected diseases for 1960-61 appear in the
report of the Royal Commission on Health Services (Vol. l).5
These selected diseases are mental illness, diseases of the
circulatory system and cancer.

All these studies have been confined to evaluating
the potential benefits from eradicating a specific disease in
a certain year. As explained below this is not benefit~cost
analysis in the real sense. No disease has ever been eradi-
cated in one year and few have been eradicated at all. The
level of control (eradication) chosen by Weisbrod, Klarman
and the researchers for the Royal Commission is arbitrary in
the sense that the optimum of resource input in a program may
lie well short of the eradication. The Royal Commission's
study on disease control programé suffers from another defect.
In calculating the benefits from reduced mortality from those
diseases, the U.S. data for the net present value of a human
life -- developed by Weisbrod -~ have been used. This proce-

dure suffers from two main defects: (1) Weisbrod has used



1949 earning figures to make his calculations of the net
present value of life~time earnings of males and females in
the U.S.A. To use these obsolete data for measuring benefits
of eradicating certain diseases in Canada does not seem
justifiable; (2) use of the U.S. data would create a substan-
tial upward bias in calculations of benefits from eradication
of those diseases because earnings in the U.S.A. are (and
have been) higher than in Canada. It may be argued that this
upward bias in earning figures will be partially offset by
the downward bias imparted to the life-time earnings data as
the latter use 1949 earning statistics. It is true but the
Commission fails to ascertain to what extent these biases
offset each other. Thus, there is a need for such further
studies of disease control programs, in Canada, as use up-to-
date Canadian data.

For benefit-cost analysis in the field of disease
control we have to estimate the time and resource inputs
required to achievé a given level of control; and then to
calculate the net present value of the streams of social
benfits minus costs, NPV(B-C), associated with the project
over that period. As is indicated later in Chapter III, a
project is worth undertaking only if NPV(B-C)>0. Alternati-
vely, we can calculate the benefit-cost ratio (B/C); i.e.,
the present value of the benefits divided by the present
value of the costs of the program or we can calculate the
rate of return on investment in the project. In the case

of B/C, a project should be undertaken if B/C >1. A project,



in the case of rate of return criterion, is selected if its
rate of return is greater than a certain chosen rate.*

As far as we are aware, no studies have been done
which investigate whether any of the above criteria have been
met for the allocation of funds to disease control projects
in Ontario or in any other province of the country. 1In the
U.S.A., recently some cost-~benefit studies of selected disease
control programs have been done in the Department of Health,
Education and Welfare (HEW). For example, benefit-cost ratios
(B/C), i.e., the present value of the total benefits divided
by the present value of the total costs of the program, have
been calculated, on identical life-time earnings and identical
discount rates, for programs aimed at controlling arthritis
and cancer of specific sites. Such ratios were developed in
other studies too including the studies on motor vehicle inju-
ries and vocational rehabilitation services.6 It may, how-
ever, be added that it will be better if we calculate NPV(B-C)
of a disease control program rather than its B/C. Relative
merits of NPV(B-C) and B/C as a criterion of measuring invest-
ment worth of a project have been discussed extensively in
the literature and are referred to in Chapter III.7 In some
other HEW studies costs were measured in dollars but benefits
were expressed in terms of reduced mortality and morbidity.

Examples of such studies are maternal and child health care

*These three criteria of project selection have been
discussed in detail in Chapter III.



programs and delivery of health services for the poor.8
Klarman et al. also follow such a procedure in their study
on the treatment of chronic renal disease. They have ex-
pressed benefits in terms of life years gained.9 In these
studies, the researchers have used Cost-Effectiveness
Technique rather than Benefit-Cost Analysis. The former is
different from the latter: in its use the inputs are
measured in dollar terms but the outputs are expressed in
kind (deaths prevented, years added to life, children educated
and the like).10

In our study it is the benefit-cost analysis which
has been used. The results of our research are reported for
all the three criteria of project selection referred to above.
A1l costs and benefits are measured in constant (1949) dol-
lars. In doing so we have attempted to bring to bear on the
analysis all of the main economic factors involved in this
program. The aim is to discover on economic grounds alone
the extent to which this program is a good investment.*

Moreover in programs like the Tuberculosis Control
Program (TPC) in Ontario, which have been in existence»for a
long time, what is important is the comparison of marginal*#*

(incremental) benefits accruing from marginal** (incremental)

*The main objective of such programs is to make gains
in human happiness and welfare. These values, however, are
incalculable. When it turns out that these values are
accompanied by positive economic gains, society can pursue
them with increased vigour, knowing that it is thereby opening
the doors to further welfare possibilities.

**By marginal we mean any finite incremental or decre-
mental change. We have used this term in a slightly different
than the conventional sense. In the latter it indicates a
very small change.
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costs rather than the comparison of total benefits and
total costs. The latter may give us misleading results,
From the policy point of view, the more relevant question
in case of such projects is not whether we should start
them or not but whether we should spend more or less on such
projects. This fact has been recognized in the literature.
For example, Warren F. Smith observes: |
Comparing total rather than only marginal costs is an
error that is difficult to avoid. What should be
analysed is the effect of change from the present
situation, both in new benefits and new costs.
Therefore, the benefits and costs of the project
as measured in our study are the marginal benefits and mar-
ginal costs. As will be explained later, in our research
1948 is treated as the base line year from which the changes
in benefits and costs are measured.
As far as we are aware this is the first time that

benefit-cost analysis of a disease control program is being

done in terms of the marginal benefits and marginal costs.

2. A Few Points of Measurement and Terminology

A distinction has been made between eradication of
tuberculosis and its control. Theoretically, eradication
cannot be achieved in a given area as long as the tubercle
bacillus* has not been completely eradicated from that area
and also from the adjacent areas. This is because infection

may come easily from adjoining areas especially in these days

*Tt is a bacterium that causes tuberculosis.
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of rapid transportation and hence of great mobility of
population from one area to another. To achieve eradication
in this sense seems to be impossible. Dr. Johannes Holms,
one-time chief medical officer of the tuberculosis unit of
the World Health Organization (WHO), and in 1961 the chief
executive director of the International Union Against Tuber-
culosis, suggested the following alternative definition of
eradication:

I propose that tuberculosis eradication be considered

attained when, in a total population within a large

geographically defined area, a case of tuberculosis

disease has become a medical curiosity.l2

Even on the basis of this definition, Ontario, and

for that matter the rest of Canada, is far from the stage
where tuberculosis has been eradicated. And given the trends
of morbidity* (prevalence of disease), it is not likely to
be achieved for quite some time to come. It has been noted
that the rate of decline in tuberculosis in Ontario has
slowed down. For example, Dr. Rorabeck, the chief of the
Tuberculosis Prevention Division, Ontario Department of
Health, observes that at present we "find ourselves in orbit
circling the problem but achieving little apparent headway
towards the ultimate goal of control and eradication. The
number of cases of active tuberculosis reported each year
in Ontario has shown no appreciable change during the past

five years."13

*The dictionary defines morbidity as prevalence of dis-
case. But medical experts sometimes use the term to signify
incidence of a disease. The difference between prevalence of
a disease and its incidence is explained on next page.
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It is because of these considerations that we
have decided to undertake a study of the economics of the
TCP as it has existed in Ontario, as distinct from the
economic analysis of a theoretical program which might aim
at achieving the still unrealistic goal of tuberculosis
eradication.

A tuberculosis control program can be defined as
"the sum of organized effort aimed at diminishing, within a
given community, tuberculosis mortality, incidence and pre-
valence* and thereby the risk of infection.“14 The term
"control" in this sense can be treated as one definable in
terms of varying degrees of control and this is how we have
used it in this study. This usage of the term "control" must
be distinguished from its use by certain authorities who
define it in an all-or-nothing sense. For example, to decide
whether tuberculosis has been controlled or not, WHO has
stipulated a criterion which states that "a country (or
province) has control of tuberculosis when not more than one
percent of children of school leaving age are positive to the
tuberculin tests."15

There seems to be some difference of opinion among

the experts with respect to the exact meaning of "school

leaving age". Dr. Rorabeck takes it as 13 years of age;

*The term mortality means the number of deaths, in a
given area, in a year; incidence indicates the number of new
cases developing in a year whereas the prevalence signifies
the total number of all living cases (of tuberculosis in our
case) in that year. See also Chapter IV, pp. 97-98.
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Dr. C.A. Wicks defines it as 16 years and Dr. Hdlm, who
first proposed the WHO measure of tubérculosis control
interprets it as 14 years of age.16 This WHO criterion of
the success of a tuberculosis control program in an area in
any case would have to be accepted with some degree of cau-
tion. As Dr. Rorabeck points out, it is valid only when
tuberculosis is well under control in adults and younger
children. He gives the example of an area in which the
tuberculin positive rate of school leavers had fallen to 0.5
per cent but the incidence of active tuberculosis increased
from 10.0 per 100,000 in 1964 to 40.0 in 1965, largely because
of new active cases* in children below 13 years of age.17
On the basis of the above WHO - criterion of T.B.
being under control, Ontario can be said to be near to
achieving control of tuberculosis in the province. In 1958-59
the rate of tuberculin-positive children in the age group of

10 to 14 years was 2.6 per cent.18

3. Tuberculosis Control Program in Ontario

The success of a tuberculosis control program in
any area depends on effective case finding and adequate faci-
lities for treatment. The basic philosophy of tuberculosis
control, to quote Dr. Rorabeck, "is case finding, isolation

where required, treatment and examination of contacts,..."19

*A new active case of tuberculosis is usually defined as
a case which was never before reported as active, even though
it may have been active at some earlier time. See Tuberculo-
sis Statistics, 1968 (2 vols.; Ottawa: Dominion Bureau of
Statistics), I, 10.
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Ontario has an impressive record in its tubercolosis

control.20

The degree of control has improved substantially
even if "control" in the WHO sense has not been attained.
The first known collective effort for this purpose was made
in 1897 when a voluntafy organization -- The National Sani-
tarium Organization -- established the Muskoka Cottage Sani-
torium. In 1912 the reporting of tuberculosis was made compul-
sory. In 1935 the Tuberculosis prevention Division of the
Ontario Department of Health was established under the
directorship of Dr. G.C. Brink.
This Division heads the province's antituberculosis
program and is responsible generally for all measures relating .
to the prevention and treatment of the disease and the reha-
bilitation of the patient.* For this purpose it undertakes
a number of activities.21
Another milestone in Ontario's organized efforts
against tuberculosis took place in 1938. Before that the
provincial government used to pay $5.25 per week per patient
for the maintenance of patients in sanatoria. Another $10.50

per week per patient was supposed to be paid by the counties

and local municipalities. But the latter were hard pressed

*¥Since April 1950, vocational rehabilitation of tubercu-
losis had been assisted and supervised by a rehabilitation
section in the T.B. Prevention Branch; but since September
1960 this program has been transferred to the newly created
Rehabilitation Branch. This Branch provides assistance to
the tuberculous and mentally ill. See W.G. Brown, "The
Ontario Department of Health", in The Federal and Provincial
Health Services in Canada (2nd ed.; Toronto: Canadian Public
Health Association, 1962), p. 82.
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for money and in many cases municipalities imposed harsh
conditions of dire poverty to be satisfied by a patient

before he could qualify for financial support. Consequently,
most of the patients in the province did not get proper treat-
ment.22 In 1938 the provincial government assumed the finan-
cial responsibility of maintaining non-paying patients in
sanatoria. It previously had been borne by the counties and
municipalities. At the same time arrangements were made for
post-sanatorium care which was defined as the provision of:

1. Transportation from the sanatorium to the place of
residence;

2. Proper living accommodation, food, clothing and any
other necessities of life;and

3. Special treatment for tuberculosis and transportation
to and from any place at which such special treatment
is available.23

Special treatment in this context meant giving

pneumothorax refills from time to time to some patients who

required them after being discharged from sanatorium. The
government established pneumothorax refill centres (78 in
number) under the supervision of local physicians specially
trained for this purpose. It loaned pneumothorax machines

to these physicians and paid for their services.* Since 1938

tuberculosis treatment in Ontario is "virtually free**",

*After the discovery of "wonder drugs", pneumothorax
treatment generally is not required.

**The Ontario government pays for most of the sanato-
rium expenses. There is no means test. 1In 1953, the fees
from paying patients met only about 5% of the total sanato-
rium expenditures in Ontario.
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although if a patient can contribute towards the cost of his
treatment he may be asked to do so.24

On the case finding front also, the province has
put in commendable efforts. Mass X-ray surveys were first
introduced in Ontario in 1941. They were greatly facilitated
by the introduction of special miniature film X-ray equipment.
In the beginning they were confined to adult occupational
groups like teachers but later on with the help of voluntary
associations they were extended to the general public. They
are mostly free of any charge to the public. If any abnormality
is found, the patient is called for another chest X-ray and
more detailed study of this case is made.

In 1948, a program to give all patients entering
general hospitals chest X-rays was introduced. Funds from
federal grants for antituberculosis programs were used for
this purpose. After 1948, the year the federal government
started giving grants to provinces for antituberculosis pro-
grams, sevefal other steps were taken by the province to
advance its antituberculosis program. For example, in 1949
in the Tuberculosis Prevention Division, a branch for re-
habilitation of ex-patients was established. As stated
earlier, since September 1960, this aspect of the anti-tuber-
culosis program is being looked after by the newly established
Rehabilitation Branch. Since 1950, tuberculosis has become
a compensable disease for all employees of hospitals and
sanatoria. Compensation is paid through the Workman's Com-

pensation Board.
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4., 1948: A Year of Breakthrough

In fact a real breakthrough in Ontario's tuberculo-
sis control program occurred in 1948 when the province embarked
upon what has come to be known variously as the "Extended
Tuberculosis Control Program" or the "Accelerated Tuberculosis
Control Program". As mentioned above, it was in 1948 that the
federal government started giving annual grants-in-aid to
provinces for TB control. These grants were provided under
the federal government's National Healfh Grants Program.
Thevpurpose of Tuberculosis Control Grants was "to assist
in an extended program for the prevention and treatment of
tuberculosis; including rehabilitation and free treatment."25
That the federal grant gave a real boost to the tuberculosis
control program in Ontario becomes clear from the nature and
importance of projects which were financed from it. Among

the projects supported in Ontario by this grant were:

" (a) Streptomycin and para-amino salicylic acid (PAS
was made free to all sanitorium patients.

(b) Purchase of X-ray equipment for use of clinics,
hospitals, and the hospital admission X-ray
programme.

(c) Purchase of complete X-ray unit, bus and equipment

to be added to the mobile fleet of buses of the
Division of Tuberculosis Prevention.

(d) Expenses of research programmes."26
In addition to this, the federal government also
helped antituberculosis control programs in the provinces by

making funds available for extension and construction of

sanatoria under its Hospital Construction Grants.
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Tt was also in 1947-48 that the "wonder drugs"
for curing tuberculosis were becoming generally available.
There are now three principal drugs used in the cure of
tuberculosis: (1) Streptomycin, (2) Para-Amino-Salicylic
Acid (pPAS), and (3) Isoniazid. Streptomycin and PAS were
introduced in 1944 -~ Streptomycin in the U.S.A. and PAS in
Sweden.27 But it was not before 1947-48 that there occurred
a real breakthrough in the use of these drugs for cﬁring T.B.
For example, Hinshaw, one of the pioneers in chemotherapy of
tuberculosis observes that, "during 1945 and 1946 supplies of
streptomycin were extremely scarce and ... its use was
1imited to those cases which would enhance our knowledge of
chemotherapy of tuberculosis."28

Moreover it was about this period that it was found
that the treatment of T.B. became much more effective when
PAS and streptomycin were used in combination than when
either of them was used alone. It was suspected in 1946 that
combined treatment would give better results but this fact
became firmly established in 1949 only.29 Isoniazid, the
third principal drug, first became commercially available in
1952.30

Thus 1948 markes the beginning of an important era
in the tuberculosis control program in Ontario and for that
matter in the rest of Canada. Not only had the antibiotics,
which revolutionized tuberculosis treatment, become accessible
in that year but funds were also being made available to

render those drugs more widely available to those who needed
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them. Provision of finances to make use of these "wonder
drugs" was very important because initially they were quite
costly. Commenting upon the use of streptomycin in the early
years of its availability, Dr. Forsberg (a staff member of
the Tuberculosis Prevention Division in Ontario) made the
following observation:
Streptomycin Calcium Complex was used sparingly in
1946 and 1947. The prohibitive cost still restricted
its use until July, 1948 when the Ontario Department
of Health agreed to supply free streptomycin by
utilizing monies from the Federal Tuberculosis Grant.
Its use trippled immediately and has remained at a
high level ever since.3l
Along with facilitating the tuberculosis treatment federal
funds also helped provinces accelerate their case finding

efforts.32

It is because of these factors that we decided

to take 1948 as the starting year for our study. The mar-
ginal resource input that we examine in this study is the
difference between the annual actual expenditures in the
post-1948 years and the yearly expenses which would have been
incurred had the expenditures been frozen at their 1948
level. The marginal benefits as measured in this study also
have a similar definition.

1966 was chosen as the end-year of our study because
by this time the treatment of tuberculosis had become so much
revolutionized that institutional statistics (which are used
in this research) by themselves did not give any longer an
almost complete indication of the magnitude of the tuberculosis

problem in the province and of the resources used to control

it. Patients were being given drug therapy on an out-patient
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basis, The role of sanatoria in the treatment of tuberculosis
was on the decline. So much so that in 1967 the province of
Ontario issued a directive to effect a cutback on sanatoria

in the province.33

5. ' Why Choose Tuberculosis?

The Tuberculosis Control Program in Ontariovis
selected for this study for a number of reasons:

1. The required data for the study are generally
available,

2. Tuberculosis remains in Ontario and elsewhere a
major health problem, Although the tuberculosis death rate
in Ontario declined from 19.3 per 100,000 in 1948 to 2.6 in
1962 (corresponding figures for Canada were 38,1 and 4,2
respectively), yet with respect to morbidity tuberculosis
is still a public health problem of considerable importance.34
The number of new cases remains high and reactivations are
substantial,

3. Government along with voluntary associations spends
large amounts of money on tuberculosis prevention. The exa-
mination of a suspected patient and hospitalization of a
patient with TB are compulsory in Ontario. Provisions for
this purpose have been made in the Public Health Act and the
Sanatoria for Consumptives Act.35 As stated earlier, expenses
for treatment are largely paid out of public funds.

4. There is some prima facie evidence of under-utiliza-~

tion of facilities for institutionalized treatment of TB in
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Ontario* and in Canada as a whole because of the fall in the
number of patients.

The under-utilization of present facilities, as
far as tuberculosis treatment is concerned, indicates that
the program has substantially achieved its goal. The inte-
resting question now is to determine through benefit-cost
analysis the extent to which the tuberculosis control pro-
gram has been an economically efficient use of resources.

As mentioned before, this is over and ébove the incalculable

gains made in terms of human happiness.

*Suggestive evidence of this is provided by the number
of empty beds in the sanatoria in the province and the actual
closing of some sanatoria. '
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CHAPTER II

THE ROLE OF GOVERNMENT IN PUBLIC HEALTH

We have already shown (chapter T) that in Canada
the government's role in providing health services is be-
coming more and more significant over time. Health services
provided by the government can be broadly put into three
main categories: (1) Public Health; (2) Medical Care; and
(3) Hospital Care.l Our main concern here is with public
health. We asserted earlier that the public health services
were necessarily to be provided by the government (see supra,
p. 2). 1In this chapter we explain the meaning and nature of
what we have called public health and also provide a rationale

for government's intervention in its provision.

1. Public Health

The definition and scope of public health have
been undergoing a change. At different times several authori-
ties gave different definitions of public health:
1. Public health is communicable disease control.
2. Public health is sanitation of the environment.

3. Public health is medical care of the medically indigent.2
| But the scope of public health in modern times is
much wider than that indicated by any one of the above defini-
tions and thus none of them can be treated as proper and all-
comprehensive. On the other hand a definition given by WHO
is rather too broad. According to the WHO Expert Committee

on Public Health Administration, it is "+he science and art
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of preventing disease, prolonging life, and promoting health
and efficiency through organized community efforts for the
sanitation of the environment, the control of communicable
infections, the education of the individual in personal
hygiene, the organization of medical and nursing services

for the early diagnosis and preventive treatment of disease,
and the development of social machinery to ensure for every
individual a standard of living adequate for the maintenance
of health, so organizing these benefits as to enable every
citizen to realize his birth-right of health and longevity."'3

This definition of publié health, as Eric Hansen
has rightly pointed out, includes implicitly all health and
public welfare services.4 The latter may promote health but
obviously cannot be treated as health services. A very pre-
cise and apt definition has been given by the Royal Commission
on Health Services. According to it, public health comprises

...any health problem that involves a sufficient
number of individuals to become a public problem, and
for the adequate solution of which public action is
necessary or desirable.

In this category of health services we might include
not only the public sanitation, communicalbe disease control
etc. (the traditicnal functions of any public health depart-
ment in any country) but also the provision of cancer research
facilities, mental health clinics, and tuberculosis clinics,

etc.

2. ' The Rationale for Government's Role in Public Health

The guestion is why should government get involved
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in providing any health services? Government's intervention
in the provision of any good or service can generally be
supported on the basis of three main economic considerations
taken either singly or collectively:i (1) a good or service
may exhibit "publicness"; (2) its production or consumption
gives rise to externalities;* and (3) it can only be produced
under increasing returns to scale.

We will now discuss how far any one of these pro-
blems or all of them are operative in the case of public
health services and hence to what extent government must
intervene in supplying them to society. It, however, should
be clarified at the very outset that by government inter-
veﬁtion we do not necessarily mean the production of a good
in the public sector. Government might produce the commodity
in question or it may simply txry to bring its production in
the private sector to the socially optimum level via a policy

of taxes and subsidies. Whatever policy the government might

adopt, it is obvious that use of public funds will be involved.

2.1 Public Health as a Public Good

Traditionally, government's intervention in the
production of a commodity or service has been justified on
the basis of externalities arising out of its production (or

consumption) and/or the prevalence of decreasing cost con-

*For a distinction between publicness and externalities
see pp. 40-41,
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by the researches of Musgrave and Bowen, developed a theory
of public expenditure based on the concept of a "polar case"
public good, defined as one for which each individual's
consumption equals the total produced.7 His theory started
a debate (about the nature and supply of public goods) which
is still going on.

Samuelson showed that if we introduced a public
good in our analysis the problem of attaining Pareto-Optimality
becomes even more difficult than in the standard welfare
theory.

Given an n individual and a two good world (with
both goods strictly private) in a closed economy, perfect
competition with no externalities or its administrative equi-
valent (e.g. a situation in which Lange-Lerner civil servants
administer the system through shadow prices) can be counted
upon to satisfy the relevant Pareto-Optimality condition if

we have fixed factor supplies:

MRT . = MRS, = MRS = === TTT S MRS, o (2.1)
where X
MRTx = Marginal rate of transformation between goods
4 X and y
and
1 2 n _ .
MRS ., MRS ~——-=- , MRS etc. = Marginal rate of
Xy Xy Xy

substitution between
goods x and y for
individual 1, 2, --——,
and n respectively.

But if one of the goods is a public good, the
Pareto condition becomes (Samuelson showed) :

n
MRT = MRS 2.2



and no analogue of perfect competition is practicable to
enable an economy to arrive at states in which this condition
is fulfilled. He points out, in particular, that the solu-
tion -- if optimal output is to be achieved -- in this case
cannot lie in multiple pricing related to preference because
in the case of a public good it is in the self interest of
every individual not to reveal his true preference for that
good. A major inference that we can draw from his analysis
is that the function of providing Samuelson's public goods to
the community has to be taken up by government. Left to
the free working of the market process these goods will not
be produced in the optimal quantity, if they are produced at
all. 1It, therefore, follows that to the extent that public
health is a public good or has the qualities of "publicness",
government has necessarily to assume a role in its provision.
So our aim now is to investigate whether or not public health
has the characteristics of a public good.

Let us qﬁote Samuelson's definition of public goods:

I explicitly assume two categories of goods: ordinary

" private consumption goods (Xl ————— ,Xn) which can be
parcelled out among different individuals (1,2,-=--- ’
i,-==——- ,S) according to the relations X. = % x ' and

/ 1 3
collective consumption goods (Xn+l’ ----- ’Xn+m) which

all enjoy in common in the sense that each individual's
consumption of such a good leads to no subtraction from

any other individual's consumption of that good, so that
X_ .. = X' . simultaneously for each and every ith indi-
n+j n+Jj

vidual and each collective consumption good.8
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It is clear from this definition that a public good
once produced is available to all in equal quantities at the
same time, i.e. more for me does not mean less for you. In
other words one individual's consumption of a public goed is
related to the total production by a condition of equality
and not (as in the case of a private good) by that of summa-
tion.9
Samuelson's definition implies —-- it has been shown
in the literature -- joint supply.lo Joint supply, however,
in this context has to be carefully distinguished from
normally discussed joint supply analysis as presented by
Marshall in his Principles. Buchanan in his recent book
makes this distinction very clear. He puts it as follows:
For the Marshallian theory the jointness of supply
arises because of the technological conditions of
producing, not because of the technological condition
of consuming as in the public goods case ... [in the
Marshallian Casé) the joint-supply analysis is
illustrated with reference to final product components
that are subject to retrade or resale among potential
purchasers ... [buﬂ in the public-goods case, the
jointness arises only because of the_indivisibility
or the non-exclusion in consumption.

And from this he concludes that "an element of determinacy

is present in the Marshallian model which is lacking in the

public goods model."12

Jointness of supply in the public
goods case implies its equal availability to all members of
the (relevant) group or community, or in other words "a
single unit of the good, as produced, provides a multiplicity
of consumption units, all of which are somehow identical."13
In such a case once the good is broduced it can be provided

to another individual at zero marginal cost.
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In order to avoid confusion we will use the term

joint consumption instead of joint supply. Given this

characteristic of joint consumption in a good it will not be
produced in the optimal guantity by profit motivated private
enterprise (if it is produced at all) because as explained
earlier, an individual working in his self-interest may like
to enjoy a "free ride".

When we consider public health in relation to this
joint consumption aspect of public goods we find that this
field of government services does not entirely correspond to
the situation described. But the pertinent guestion is how
many goods can be categorized as ?ublic goods on the basis
of this very stringent and restrictive definition of a public
good. Samuelson gives the examples of an "outdoor circus",
"hational defence", a "battleship" and a television pro-
gramme".14 But further thought will show that even these
examples do not satisfy to perfection the extremely demanding
conditions set by the above definition of public goods.
Samuelson's definition was criticizad by many, including
Stephen Enke, Julius Margolis and John G. Head, on this
score.15 It was pointed out that "capacity limits" are
reached much before the good satisfies the condition of
equal availability to all and also that the gquality of the
good may vary even before the capacity limit is reached.
Samuelson has agreed to this type of criticism and has
called his definition an "extreme polar case" as against the

le6

other extreme case of a private good. But, according to
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him, "in almost every one of the legitimate economic functions
of government that critics put forward there is to be found a
blending of the extreme antipodal models."17 Thus the quality
of joint consumption remains an essential characteristic

of a public good. But the meaning of joint consumption is
modified as being more for you means no less for me to some
extent, i.e. unless the "capacity limit" is reached.18 In
fact in the literature on public goods two types of public
goods are now distinguished from one another:

(1) Pure Public Goods -- goods which satisfy Samuelson's

condition of "equal availability to all" in ‘toto. Very
few goods satisfy this condition.

(2) Impure Public Goods -- goods which exhibit the quality

of publicness in an impure form. Impurity or imperfect

publicness in this context is defined "as any departure

from the availability of "equal quantities of homogeneous-

quality consumption units" to all consﬁmers."19

It is in this sense of impure publicness that some

of the services in the public health field have the joint
consumption characteristic of a public good. Consider, for
example, the case of Tuberculosis Sanatoria. They are
available to all patients; but beyond a certain point
additional consumption by one person does entail a corres-
ponding reduction in the consumption of others. Take another
example from public health, a spraying campaign to kill flies
and mosquitoes. Benefits of this campaign are equally availa-

ble to all but the gquality of the benefits goes on diminishing
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as we go farther and farther away from the area where the
chemicals have been sprayed.

Even if a good is an impure public good it pays
an individual consumer to understate his preference for it
because once it has been made available to one it will be
available to him though not in the same quantity and quality.
it will, therefore, never be produced in an optimal quantity
if its production is left to private entrepreneurs in a free
market economy. Government intervention in its production
becomes essential and hence the government's intervention

in the provision of public health services is necessary.

2.2  Externalities

We have stated earlier that traditionally the
presence of externalities in the production or consumption
of a commodity or service was given as one of the important
reasons for government intervention in its provision. It
is well known now in the literature on public goods that such
géods not only generally satisfy the quality of joint con-
sumption but usually give rise to externalities (consumption
externalities) also.

Samuelson’s definition of a public good (see supra,
p. 30) does not mention externality as one of the character-
istics of a public good but John Head, after a careful
analysis of Samuelson's three articles on public expenditure
theory and by feferring to various observations made by
Samuelson in those articles, has rightly concluded that his

(Samuelson's) definition of a public good and others given
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in the literature imply two distinct characteristics of a

public good: (1) Joint Consumption (Head calls it Joint-

ness of Supply):; and (2) Externalities or to be precise

Consumption Externalities (see infra, pp. 36-37).

The concept of external economies has long been
used by economists, but there still remains a considerable
degree of confusion regarding its exact meaning. Some
writers define externalities in such a way that they encompass
all factors that give rise to market failure (i.e., the
failure of the market to reach Pareto Optimality). For
example, Bator's use of this concept can be interpreted in
this way. He would "let externality denote any situation
where some Paretian costs and benefits remain external to
decentralized cost-revenue calculations in terms of prices.”
But, according to him, a technology exhibiting indivisibility
or giving rise to smooth increasing returns to scale in the
relevant range of output also gives rise to "technical exter-

nality".20

This type of definition is rather too broad.
Increasing returns to scale and indivisibilities are normally
treated as distinct from the phenomenon of externality.
Again, some writers let externalities denote any interdepen-
dence among economic units whether it is felt through the

market or outside the market.21

Marshall, who first intro-~
duced the concept of externalities, gives some examples of
this type of externality.22 Take the case of an industry
which uses a large part of total supply of, say, steel. The

expansion of this industry will raise the price of steel for
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other industries. This effect on other industries is at
times referred to as an example of "external diseconomy".¥*
But this kind of "external diseconomy" creates no problems
for the so-called central theorem of modern welfare econo-
mics, i.e., equilibrium conditions under perfect competition
lead to Pareto efficiency.23

We will apply the term externalities to cover all
those interdependencies among economic units which are ex-
ternal to the price system, i.e., these are benefits and/or
costs which are not captured by the participants in a market
transaction. In other words we can say that external
economies represent such cases of ordinary economic behaviour
"where the production or consumption of a good by one economic
unit confers benefits on other economic units, such that it

inconvenient for these external recipients
24

is impossible or

of the benefits to be charged.” (Italics mine.)
Externalities can further be divided into: (1)
production externalities; and (2) consumption externalities.

Under perfect competition maximum welfare is achieved when:

Marginal Social Cost (MSC) = Marginal Social
Benefit (MSB) (2.3)

In a perfectly competitive market Marginal Private
Benefit (MPB) = Marginal Private Cost (MPC). If MPC = MSC
and MPB = MSB, we can write the above maximum welfare condi-

tion (2.3) in the following form:

*Externalities passing through price mechanism now are
called pecuniary externalities as distinct from technical
externalities which do not work through the price mechanism.



MSC = MPC = MPB = MSB (2‘.4)
Because in an equilibrium under perfect competition MPC =
Price, we can change (2.4) to the following:

| MSC = MPC = MPB = MSB = Price (2.5)

) Now production externalities can be said to exist,
in general, when MPC % MSC and consumption externalities
exist when MPB = MSB.*

Pigou was the most prominent economist to make this
distinction between private and social costs and benefits
well known and to emphasize the problem of externalities vis-
a-vis their affect on Pareto Optimality.25 He pointed out
that because of the existence of externalities some activities
in the economy will be over-expanded and others will be over-
contracted from what would be desirable from the point of
view of socially optimal output in the economy.

If we are to achieve Pareto Optimality in the
economy ("ideal output" in Pigou's words) government inter-
vention in the economy becomes necessary. In the absence of
government intervention an individual consumer or a firm

will use a good up to a point where

*In the literature on externalities, we find that usually
four types of externalities are described: (1) producers ex-
ternalities on producers; (2) producers externalities on con-
sumers; (3) consumers externalities on consumers and (4) con-
Sumers externalities on producers. Out of them (1) and (2)
are covered by what we have called production externalities
and (3) and (4) are covered by what we have described as con-~
sumption externalities. But the externalities of type (4) are
not very significant so we will use the term consumption ex-
ternalities to describe externalities of type (3), and it is
with these consumption externalities that we will be concerned
in this chapter.
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MPB = MPC = Price (2.6)

But as we have indicated earlier (2.3, p. 36),

a socially optimal production in a free market economy is
achieved when MSC = MSB. This condition will not be achieved
in a purely private economy if there are externalities pre-
sent in the economy.

Government can intervene in the economy in one or
more of the several ways open to it. For example, the govern-
ment may (1) subsidize the production and use of those goods
and services which create external economies and conversely
it may tax the broduction and use of those goods and services
which generate external diseconomies; (2) it may buy those
goods or services (i.e. pay their producers) the production
or use of which gives rise to external economies and make
them freely available to the people; (3) it may itself pro-
duce the goods and services in question and provide them to
the community free of charge.26

Pigou's classic recommendation was to use the first

of the above methods. Whether Pigovian Solution will help

38

attain Pareto Optimality or not has been a matter of continuing

controversy. We do not want to enter that controversy. It
is sufficient to say, for our purposes, that whenever there
are externalities government's intervention in one form oxr
the other in the provision of goods and/or services becomes
27
necessary.
An important and relevant question which remains

to be answered is what gives rise to externalities. The
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answer is provided by our emphasis on the words impossible
and inconvenient in our definition of external economies
(see supra, p. 36). In other words externalities arise
largely because of the fact that it is not possible or
economical for a person to charge, through the price mecha-
nism, those who get benefit from his consumption or produc-
tion nor is it possible or economical for them to get any
compensation if they are adversely affected by his actions.
McKean has put this in very clear terms:
One reason external effects exist is that the costs of
defining, exchanging, and policing rights to benefits,
or rights not to be afflicted with damages, sometimes
exceed the gains to private groups from 'internalising'
these effects.28

Externalities in this sense are clearly identical

to what has been called the "impossibility of exclusion".

Exclusion principle in this context means that a person is
"excluded f;om the enjoyment of any particular commodity or
service unless he is willing to pay the stipulated price to
the owner."29 Musgrave in his definition of a public good
emphasizes, along with joint consumption, the fact that public
goods usually cause consumption externalities. He does not
use the term public goods but rather calls them goods that
satisfy "social wants" and says:

Social wants are those wants satisfied by services

that must be consumed in equal amounts by all. People

who do not pay for the services cannot be excluded

from the benefits that result.30

That Musgrave considers consumption externalities

as one of the important characteristics of a public good

31

becomes very clear from his new book. While discussing
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the distinction between private and social (public) goods he
observes that benefits from public goods are "nonrival", i.e.,
the benefits from a public good to an individual A are not
reduced by B's sharing therein.32 But he also emphasizes the
externality aspect of public goods. Actually he emphasizes
it so much that he considers externality (consumption exter-
nality) as the sole criterion of distinctibn between public
and private goods. Consider for example, this observation
made by him: "The distinction between private and social
wants or goods depends on whether the resulting benefit is
internal or external.“33

He echoes the same sole emphasis on the externality
aspect of the characteristics of Public_goods when he conclu-
des his section  (in his book) on nsocial versus private wants"
by saying that the difference between social and private wants
nlies in the externality characteristics of the goods needed
to satisfy the two types of wants. It is not a matter of
jdeology but an objective or "technological distinction".34

We believe that Musgrave in his recent book has
rather over-emphasized the externality characteristic of a
éublic good. Even pure private goodé can create externali-
ties. A handsome private house or a beautiful lawn can give
pleasure to other members of the community and the owner may
find it impossible or uneconomical to charge the community
for it. Thus mere existence of consumption externality does
not make a good a public good; Moreover, all bublic good do

not necessarily contain externalities. Take the case of
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"pay TV". It is a public good. Additional consumers get
it at a zero marginal cost. But it is possible to exclude
people from its enjoyment, if they do not pay for it. Thus
it has no externalities.35

In a public good both the characteristics of
joint consumption and consumption externalities may be
present. But the unique characteristic of a "pure public
good" or a "polar case" public good, I believe, is that of
joint consumption. Joint consumption arises out of creation
of a facility or production of a good if more people can
consume it without a corresponding reduction in the consump-
tion of those who are already consuming it. But an externa-
lity (consumption externality) arises out of one individual's
consumption of a facility or a good creating benefits for
others which cannot be charged for through the market-place.
If a good has only consumption externalities and no joint
consumption, it is not a pure public good though it has one
of the characteristics of a public good. It may be called

a Non-Private Good. Education is an outstanding example of

such a good. Such a good will be produced in the private
sector but not to a socially optimum level. The modern
highly technical society needs a high degree of education if
it is to function well. In a pure market supply of education,
buyers will only purchase until MPB = Price. But MSB will

be well above the price because of the presence of external

economies in the spread of education. To arrive at a socially

optimum allocation of resources, more education should be



purchased. But without government intervention, this extra
amount will not be burchased.*.

An almost identical kind of argument holds in the
case of public health services. Most of the public health
services cause consumption externalities. Take, for
example, the activity of case finding in tuberculosis con-
trol programs and treating the active T8 patients in
sanatoria. It clearly involves externalities because tuber-
culosis is a communicable disease. The greater the success
in curing and controlling it the lesser are the chances of
others contracting it. Thus by a tuberculosis control
program it is not only the patients who benefit but others
also who may contract tuberculosis in the absence of such
a program.

Similarly, take the case of the general disease
prevention activities of public health departments. Immuni-
zing a group of people against smallpox, and other contag-
ious and infectious diseases, benefits not only the person
who takes innoculations against such diseases but also all
others who come in contact with him. There is of course no
market way in which these others can be charged, for the
benefits obtained, by the person who takes the trouble to

be immunized.**

*Services like education and public health of course
may not be purchased, if left to pure. private market, in a
socially optimal amount because of imperfections in the
market, such as irrationality and inadequate information,
etc. .

%A further external economy of public health is that a
healthy society is likely to be more productive, with every-
one's standard of living raised.

42
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Moreover these externalities also inyolve joint
consumption in the sense that if some additional persons
enjoy them that does not mean that the amount of external
economies available to those who originally enjoyed them
will be reduced.

Many public health activities may satisfy both
the characteristics of a public good. Take, for example,
the case of Tuberculosis Sanatoria. To a large extent --
unless the capacity limit is reached -- they are equally
available to TB patients and hence are "jointly consumed”;
and the fact that TB patients are being treated there
generates external economies for the community, by reducing
its burden of the disease. |

Thus public health services in general are a
public good. Most of them possess either the one or both
the characteristics of a public_good and, therefore, govern-

ment's intervention in their supply is necessary.?

*Musgrave describes another category of goods which, he
thinks, should be provided by government. He uses "subsi-
dised low-cost housing", "public furnished school luncheons™
and "free education" as some of the examples of such goods.
These goods he defines as "merit goods". These goods, unlike
public goods, do not entail joint consumption, nor do they
have any problems of exclusion. Why then should they be pro-
vided through public rather than private enterprise? Mus-
grave's explanation on thispoint is not very clear. He states
that these goods "are considered so meritorious that their
satisfaction is provided for through the public budget, over
and above what is provided for through the market and paid
for by private buyers... The satisfaction of merit wants, by
its very nature, involves interference with consumer prefe-
rences".36 In fact, most of the merit goods as defined by
Musgrave may involve substantial externalities. This is
certainly true of his example of "free education". Alternati-
vely in the case of some goods individual preferences. may not
lead to individual welfare. This is true of his example of
liquor.
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2.3 Increasing Returns to Scale

There is a further case where the production of a
good in a socially optimal way reguires the intervention of
government. This is the case of industries where there are
increasing returns to scale or where competition would
require a duplication of fixed capital which would result in
excessive costs. These conditions hold in the case of some
public health services. Consider, for example, the services
of water supply and sewage disposal. 1In their case produc-—
tion process involves decreasing unit costs of production
and competition would involve unwieldy duplication of bulky
capital goods. They may not be produced optimally by the
private sector. Pareto optimality requires that price should
be equal to MSC which is generally = MPC. In the case of a.
decreasing cost industry the cost per unit of production will
be falling as the quantity of output is increased. By the
well known average and marginal cost relationship it follows
that in such a case marginal cost will be below average cost
throughout the relevant range of production. If the producer
follows marginal cost pricing policy, he will clearly suffer
a loss. The outcome is that either he will not produce the
good or monopoly will result. Thus government intervention
in the supply of such goods and/or services will be required
either in the form of comélete take-over of production or
the control of monopoly through regulating prices and rate

of profit etc.38
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This chapter leads us to a firm conclusion that
government has a most important role to play in providing
public health services to the community. In the next chapter
we give a general view of benefit-cost analysis as an aid
to government decisions and operations in this field. Then
in the subsequent chapters we explain the applicability of
this theory to a specific public health problem: the control

of tuberculosis in Ontario.
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CHAPTER III

BENEFIT-COST ANALYSIS:
A GENERAL BACKGROUND

1. " Benefit-Cost Analysis and the Program
Planning and Budgeting System (PPBS)

Benefit-cost analysis is a technique of public-
project evaluation and it is gaining more and more prominence
in the economic literature. It has a long history going as
far back as 1844 when Dupuit wrote his essay, "On the
Measurement of Utility of Public W’orks".l However, its more
recent history is traced from the beginning of this century
especially the mid-1930's when several government departments
in the U.S.A., e.g., the Army Corps of Engineers, the Depart-
ment of Agriculture and the Department of Interior's Bureau
of Reclamation, started using it as a measure of project
justification especially in the field of water resources.
Since then its use has been extended to numerous other fields
of government activity.

Economists have become increasingly interested in
using, expanding, refining and improving this technique
especially since 1965 when the U.S.A. pioneered a new type
of budgeting system called the PPBS -- the Program Planning
and Budgeting System.2 Benefit-cost analysis is an important
and integral part of this new system of budgeting. Under
this system, "each department must formulate its objectives,
weighing the benefits against the costs; must examine alter-

native means of achieving these objectives; and must shape
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its budget request on the basis of this analys‘is."3 Regarding
its adoption in Canada, Mr. Benson, the former finance minister,
had the following to say, "Its adoption in Canada is inevitable,
not only because of the tremendously.increased public expen-
ditures but also because of changes in the balance between
functions of those expenditures,...“4 PPBS has been an out-
come of a quest to develop methods which ensure that large

sums of money which are spent by the government every year --

on Education, Public Health, Urban Renewal and Transportation,

etc,-- are used in an efficient way.

2. Benefit-Cost Analysis and Profitability Analysis

Benefit-cost analysis, says John Krutilla, "can
be characterized as the collection and organization of data
relevant by some conceptually meaningful criteria to deter-
mine relative preferredness of alternatives..."5 We measure
systematically all the relevant costs and benefits of the
project over its life span and compare them in order to reach
a decision about its feasibility and preferredness. A long
view of the project is taken in the sense that total costs
and benefits are measured whether they occur in near or far
future. A wide view of the project is taken in the sense
that all benefits and costs whether direct or indirect are
taken into account. Externalities and side-effects are
considered, and given prominence.6

Benefit-cost analysis in this sense is different

from, though similar to, profitability analysis in the



private sector.7 It has been clearly brought out in the
literature that given a system of laissez-faire capitalism
with perfect competition, no externalities and no taxes,
revenue of a firm from a project measures social benefits
from that project and the firm's costs measure the social
costs of that project. It is obvious, therefore, that under
such a system profits represent the gains that accrue to
society from that project.8
If any of the above assumptions is violated then

there arises discrepancies between social benefits and
private benefits on the oneside and social costs and private
costs on the other. Under such circumstances, if we are to
evaluate a project from the social point of view, we cannot
depend on the market prices of the inputs and outputs of
that project to determine their value to society. We have
to adjust these prices (including the price of money, i.e.,
rate of interest) and where no such prices are available at
all (in the case of goods and services which are provided
by government free of any direct charge to the consumer)
we have to impute them. This basic difference between
benefit-cost analysis and profitability analysis has been
clearly brought out in the following observation:

Indeed it may be said that one of the principal con-

cerns of cost-benefit analysis is to appraise costs

and benefits from a social point of view in cases

where these diverge from the pecuniary costs and

benefits perceived by the individuals in the market
place.9
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3. The Evaluation Methods

The objective of using benefit-cost analysis for
public project selection is to maximize "social welfare" by
allocating the scarce fesources efficiently. An efficient
utilization of resources leads to profit (in this case social -
gain) which in turn, it can be shown, helps form "the basis
of vertical growth by which a society raises itself above a
stationary state of subsistence living."10 Cost-benefit
analysis, therefore, attempts to establish criteria on the
basis of which investment projegts should be selected.

Various algorithms for this purpose have been
suggested and used by the analysts. As stated above, benefit-
cost analysis and profitability analysis are similar except
that in the case of the former we either impute or adjust';—
as the case may be -- the input and output prices. Therefore,
the'methods of project evaluation used here are also similar
to those used by the firms in the private sector. These
fechniques have been described and discussed in detail by
many authors.11 Here we will-consider only those algorithms
which use the discounted values of all the benefits énd costs
of the project over its life span. Other methods like the
"payback Period", "Proceeds per Dollar of Outlay" and the
"Average Income on the Book Value of the Investment", etc.,
though used by buéinessmen, can immediately be discarded.12
One important drawback common to all these methods is that
they fail to takelproper account of the timing of the benefits

and costs of a project. But time here is the essence of



the matter. A dollar's worth of benefits (inflows) received
today is not the same thing as a dollar's worth of benefits
received a year hence or two years hence. The same holds
with respect to costs (outflows). The reasons for this are
well explained in the literature and we do not propose to go
into them.13 But we can make these streams of benefits and
costs of a project over its lifetime commensurable by dis-
counting them to the present or to some other common point
in time. The measures of project evaluation which use dis-
counting of costs and benefits of a project can broadly be
put in two categories: (1) the present value method and (2)
the rate of return method. We will briefly consider these

methods one by one.

3.1 The Present Value Method

The present value of a single element in a stream
of benefits (or costs) is an amount which, if invested today
at coumpound rate of interest = i, will grow to equal that
element at time t in the future. It is thus equal to the
future (at time t) value of the element divided by (1+i)t.
The present value of the stream itself is equal to the sum of

the present values of its elements.

A. Net Present Value

One of the important forms in which the present
value criterion of project evaluation is used is to calculate
the net present value (NPV) of the project concerned. This

is done by using the following formula:
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T B, - C

NPV = = = ¢ jé (3.1)
t=0 (1+1)
or, alternatively
: T B, . T C .
NPV = o= S - = LN (3.2)
t=0 (1+i) t=0 (1+1)
where
NPV = Net present value of the project being
considered;
By = Benefits from the project in time t;
Ct = Costs of the project in time t;
i = An appropriate discount rate¥*;
T = Life time of the project;
t=0 , indicates the present time or that
common point in time to which the bene-
fits and costs are to be discounted.
Some writers have called this criterion the
"discounted cash flow" (commonly abbreviated as the DCF)

method of project selection.14 Cash flow is not identical

*Phis discount rate, in practice, is assumed to remain
constant to facilitate the calculations. But it may vary
over time and be i,, for year one, i, for year 2 and i
for year 3 and so %n. In that case %he above formula will
be changed to the following form:

NPV = (B_. - C) B, - C B, - C
o o’ 1 1, 72 2 .

(1+il) (1+i1) (1+i2)
B, - C
3 3 b +
(l+il) (l+i2) (1+i3)
By = Cp .

(1+iy) (L+iy) --— (1+ip)
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with profit. In this case while calculating C_, we include
all costs like capital outlays, costs of material, labour

and transport, etc., but we do not include depreciation
charges. They are excluded to avoid double counting. ToO
include them in total costs of the project will mean counting
investment outlays twice. In the case of social projects
taxes are also excluded from C.. For social accounting pur-
poses they are transfer payments only and need not be treated
as cost.

Tt has been pointed out earlier (see §EE£§, p. 10)
that the relevant concept of the benefits and costs in our
study is the marginal one. B and Ct in the above equations
are, therefore, to be treated as indicating the marginal
benefits and marginal costs rather than the total benefits
and total costs.*

In order to decide whether a project should be

undertaken or not, the recommended accept or reject criterion*¥*

is to accept any independent project*** if its NPV (B~C)>0

*Tt has been explained already (see supra, p. 19) that
in our research 1948 is treated as the base line year from
which the changes in benefits and costs are measured.

**The same criterion will apply if we are making an ex-
post study, as is the case with our dissertation. The gues-
tion raised, however, will be not whether the project is to
be undertaken or not but whether the investment already made
has been of economic benefit or not.

***projects are independent of each other provided any
of the projects, if carried out, does not affect the net
benefits from the others.
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and to reject it if NPV (B-C)<0. On the basis of this crit-
erion, all compatible projects* with NPV (B-C)>0 will be
carried out., If the projects are technically incompatible**,
the project with the highest NPV (B-C) will be selected as
long as its NPV (B-C)>0.

These rules for project selection are based on the
assumption that there is no "capital rationing" or "fixed
capital budget". If the budget of a government department
(oxr of a firm in.the private sector) is limited then the
projects are to be ranked in order to select such projects
as lead to the optimal use of the limited resources. Obviously,
all the projects with NPV (B-C)>0 can not be undertaken
because of the limited budget restriction. They also can not
be ranked in accordance with their NPV (B-C) values: a project
with a higher NPV being given priority over a project with a
lower NPV. The NPV (B-C) criterion, "although it gives the
correct answer to the simplified problem of choice among
mutuaily inconsistent projects, has an inherent bias in favour
of large projects which could lead to a less than optimal
mix of investment opportunities_."15

This point can be explained with the help of an
example. Suppose there are n projects with the NPV of project
1 being NPV, and that of project 2 being NPV, and so on. Sup-
pose that NPV ‘

> (NPV,, NPV _——, NPV ) because project 1 is a

1 3

*Projects are said to be compatible with each other if all
of them could technically be carried out simultaneously.

**Projects are incompatible when they cannot be carried
out simultaneously for some technical reason. Such projects
are also said to be mutually exclusive.




57

very large project; but NPV2 * NPV3 + m=—= + NPVn> NPVl. If
capital available can finance either project 1 or all other
projects, we will be better off by selecting projects 2, 3 -—-
and n rather than project 1. The NPV (B~C) criterion, how-
ever, would decide in favor of project 1.

To cope with such a situation two methods are
suggested in the literature.16

1. It is suggested that the discount rate used
should be successively raised until the number of projects
which have positive NPV- (B-C) is just enough to exhaust the
budget. Under these circumstances there will be no need
for ranking.

This suggested method has been considered and

it has been shown that, "it is not always correct to select

projects, to fit a given fixed investment budget, by raising
the discount rate until sufficiently few have a positive
present Value."17 (Italics mine.)

2. The alternative method is not to raise the
selected discount rate but to select those projects which

have the highest NPV per dollar of investment expenditure

till the budget is exhausted.*

*This is equivalent to what Chenery has called_the
social marginal product (SMP) of capital criterion.18 The
SMP of a project is the "rate of present value of net bene-
fit per dollar of capital cost. It applies where capital
is a constraining factor on a budget... But while focussing
on a rate on capital, it differs from the rate of return in
the crucial respect that it requires an interest rate to be
specified for the computation of present value of net benefit.
Thus the SMP is one of a family of present value criteria,
while the rate of return is not."19
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This method is believed to be the most generally
valid method of ranking investment projects.20

The budget constraint as discussed above usually
refers to an investment budget and not to a total-cost budget
including investment as well as operating expenses for future
years. We can argue that operating and maintenance costs,
etc., may be financed out of the revenues generated from the
benefits which are captured through either the sale of output
of the project or taxation* directly related to the project.21
Tn fact in the case of social projects, like the one under
study, budgetary constraints of any type usually are not very
important, We can reasonably assume an unlimited supply of
funds for such a project.,

Tt will be worthwhile to quote Otto Eckstein on
the question of constraints. He observes that, "constraints
are rarely an accurate description of an institutional reality.
Budgets are not rigidly fixed except over very short periods
- and even then there can be supplemental appropriations.
Financial requirements, e.g., that an operation be self-ligqui-
dating, are rarely followed, if circumstances_change. Parti-
cularly if a constraint severely interferes with the achieve-
ment of economic welfare, the constraint is likely to give
way".22

Moreover, ours 1s an ex-post study and we are

interested in finding out whether the funds spent on this

*Sometimes the group of people to benefit most from a
project can be specially taxed to cover expenses of the pro-
ject. An example may be the farmers who get water from a
dam for irrigation.
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project were economically an efficient investment. We
will, therefore, assume that the resources for the project
were freely available. Our aim in this study is to find
out whether in this particular case (i.e., TCP in Ontario
from 1948-1966) the NPV (B-C) was positive or not.

What is the appropriate rate of discount i, to be
ised in (3.1) or (3.2) above? This is the subject of still
an unresolved controversy in the profession. We have dealt

with it, at considerable length, in "Appendix A".

B. Benefit-Cost Ratio

Another variation of the present value criterion
is to calculate the benefit-cost ratio for the project con-
cerned, rather than its NPV (B-C).

The benefit-~cost ratio for a project can be defined

by the following equation:

T B L c
B/C = = t s = -t (3.3)
where
B/C = Benefit-cost ratio of the project con-

cerned and all other variables are the
same as defined in equation (3.1) or
(3.2)

This measure of project selection has been used quite fre-
quently in benefit-cost studies and its use has been

23 In this case the decision

recommended in the literature.
algorithm, if there is no capital rationing, is to carry out

all independent and compatible projects for which B/C>1. If



the projects are mutually exclusive¥®, we should select a pro-
ject with the highest B/C.

This criterion does not bias selection in favour,
unlike the NPV criterion (see supra, p. 56), of large over
small projects. It can be used as the basis for ranking of
projects when the budget is limited. It should, however, be
pointed out in this context that B/C is not the same thing
as the net worth per dollar of investment or the SMP (see
supra, p. 57). In the case of B/C, the denominator C covers
all costs, capital as well as operating. The SMP criterion
takes account of only the capital costs.

If the budget constraint is in effect a constraint
on only the investment costs**, the SMP criterion should be
preferred to the B/C criterion (see below). 'If the budget
constraint is applicable to total-cost budget, the B/C crite-
rion and the NPV per dollar cost criterion will give equivalent

ranking to the projects.***

*I.e., one project precludes the other or is imcompati-
ble with the other.

**Tt has been argued above (p. 58) that this may be the
case most of the time.

***NPV per dollar cost ==B-=C _=B

-1 (3.4)
=C =C
where
=B = é By ;
£50  (144)®
=c= = _Ct ;

Bt’ Ct’ T and i have the same meaning as in

(3.1)
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The B/C criterion, however, has one main defect.
It is that by transferring benefits or costs between the
numerator and the denominator, the ratio and hence the deci-
sion on the project can be significantly altered. Suppose
the present value of the benefits received from project A
is $300 and the present value of its cost is $150. B/C of
project A in this case is 300 = 2.0. Suppose we now

150
treat $50 of the cost as the present value of disbenefits

and subtract them from benefits. B/C of project A now be-

comes 250 = 2.5.%
100

It was on this ground that some of the practitioners
of benefit-cost analysis participating in a meeting of experts
on cost~benefit analysis of social projects opposed the use
of B/C as a criterion of project selection.** They, however,
agreed that the use of B/C criterion will be legitimate if
either of the following conditions could be fulfilled:

l. The numerator or the denominator was given as a constant.
2. Rules could be devised for limiting the transference of
items from the cost to the benefit side of the ratio, or vice
versa.??

In view of the above, given that there is no neces-
sity for ranking the projects, NPV (B-C) may be preferable

25

to B/C as a criterion of project selection. Take, for

*Theoretically, by treating all the costs of the project
as disbenefits, we could make B/C of A = =«

**This meeting was held from September 27 to October 2,
1965 in Rennes, France. It was called by the United Nations
Research Institute for Social Development in co-operation with
some other agencies and it was chaired by J. Tinbergen.
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example, a situation where there is no capital rationing but

we have to decide between two mutually exclusive (incompatible)

projects A and B. For the sake of simplicity, let us assume
that all costs of each of these projecﬁs occur in to and all
their benefits are received in tl; and that funds can be
obtained at 10 per cent rate of interest which will be used
as the rate of discount. Suppose that the costs and benefits
of these projects are as given in table 3.1 below. It also

gives benefit-cost ratios and NPV (B-C) for each of these

projects.

TABLE 3.1

COSTS AND BENEFITS OF PROJECTS A & B

Costs in Benefits

Project to in t1
* B/C NPV (B-C)
($) ($) ()
A 6,000 7,909 1.318 1,909

B 14,400 18,182 1.263 3,782

*Discounted to to by 1.10

On the basis of B/C criterion project A will be
preferable, but if we apply NPV (B-C), project B will be
preferable. The B/C criterioﬁ tends to favour a smaller pro-
ject with a higher B/C but lower absolute net benefits. Given
our assumptions of no capital rationing and incompatability

of A and B, we would be better off by opting for the larger



project. In this case the NPV criterion, as against the B/C,
helps us make the right choice and, therefore, should be the
preferred criterion of project selection.

The B/C criterion, however, is specially useful
when both costs and benefits cannot be measured in the same
units (usually monetary units). We usually can put some
dollar values on costs but it becomes, at times, very diffi-
cult to translate benefits into dollar terms. In such cases,
however, we are no longer dealing with benefit-cost analysis

but with cost-effectiveness (see supra, p. 9).

3.2 Rate of Return Method*

This is the third method of project evaluation and
it has often been used in benefit-cost analysis. Average
(or internal) rate of return can be defined as that rate of
discount which will make the present value of costs of a
project equal to the present value of its benefits. 1In
other words, it is that rate of discount which satisfies the
following equation:

T . B, . T c

_t == _t (3.5)
t=0 (1+r)t t=0 (1+r)t
or
T B = % = NPV (B~C) = 0 (3.6)

*Terms like the yield on investment, average rate of
return, internal rate of return and the marginal efficiency
of capital (when only capital costs are being taken into
consideration) are also used for this expression.
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Here all the variables except r are the familiar
ones. They have the same meaning as in equation (3.1). r
is the rate of return and will be found by iterations using
either Newton's iterative method or compound interest tables.

If the decision to be taken is an "accept or reject"
type of decision, on the basis of this criterion an indepen-
dent project is to be accepted if its rate of return is
higher than a certain minimum acceptable rate of discount
(usnally called the cut-off rate). If there is no capital
rationing, all the projects fulfilling the above condition
should be carried out, If the projects are mutually exclusive
or the total investment budget is limited and thus the pro-
jects are to be arranged in order of priority then the pro-
ject with the highest rate of return will be given the
highest priority and the project with the rate of return next
to it will be given the second place in the list of priorities.
The whole list can be arranged in this way till, in case of a
limited budget situation, all the available funds are exhausted.

The use of rate of return criterion for project
selection was highly recommended in the 1950's, especially
in the private sector.26 But its use has recenlty been
questioned and it has been argued rightly that it is only
under exceptional circumstances (viz., a perfectly competitive
market) that this criterion provides us with an optimal
choice among investment alternatives.27

Various shortcomings in using the rate of return

criterion have been pointed out in the literature. In comparing
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the mutually exclusive projects, for example, it will favour

a small project with a higher rate of return (but a smaller
NPV) as against a large project with a smaller rate of return
(but a larger NPV).* Such an outcome, given no capital
rationing and hence no need for ranking, does not lead to an
efficient utilization of resources (cf., p. 61-63).

There is a possibility that in the case of some pro-
jects, we may not be able to calculate any real value for the
rate of return. Consider the example, given by Hirshleifer,
of a project with a net benefit stream of -1, 3 and -23% in
periods 0, 1 and 2 respectively.28 Using equation (3.5) or
(3.6) to calculate the rate of return on this project, we end

up with the following:

2i2 - 2i 41 =0 (3.7)

Roots for this eguation will turn out to be:*
2+, /4 - 8
T
Clearly, this project has no real internal rate of

return and thus on the basis of the rate of return criterion

it is impossible to take any unambiguous decision on this

*pProjects when ranked according to their NPV (B-C) at a
given rate of discount are not always in the same order as
when ranked according to the rate of return criterion.

**For a quadratic eguation, ax2 + bx + ¢ = 0, the solu-
tion is given by the following formula:

< = —bt /b2 - dac

2a
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project. But if we use the NPV (B~C) criterion the project
is to be rejected because it will have a-negative NPV (B-C)
"throughout the relevant range" of discount rates-.29

Similarly, it can be shown that there may be projects for
which the rate of return does not have an unique value. In
fact it is only in the case of "conventional investments"* that
we will have one and only one rate of return, In all other
(non~conventional) projects we may have one or more than

one or even an indeterminate number of rates of return.30
Non-conventional flows may result from the fact that in some
projects major items of equipment have to be replaced quite
frequently, say after an interval of every 3 or 5 years.

Tn such cases we may have negative net benefits whenever the
replacements take place.

One advantage which is often claimed for yield
criterion as compared to the present value method (i.e., the
NPV or B/C) is that for its use we do not have to make a
choice of a discount rate. Such a choice, which in most
cases will be a subjective value judgement, is very essential
for the NPV (B-C) or the B/C method. But this argument is
true only if we are concerned with ranking the projects. If
we are to decide whether an independent project should be

undertaken or not, we will have to compare its rate of

return with some minimum acceptable discount rate to reach

*Conventional investments are defined as those invest-
ments which have one or more periods of net outlays followed
by one or more periods of proceeds.
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a decision. Thus, while analyzing single case studies like
ours, we cannot evade the issue of making a choice of an
appropriate rate of discount to be used in benefitecost
analysis.

From our brief review of the various methods used
for project selection, we could arrive at the following con-
clusion: (1) As a general rule, the net present value method
seems to be of general applicability and hence better than
the rate of return method. (2) Of the two variations of the
net present value method, the NPV seems to be of general
applicability and hence the better one if there are no bud-
getary constraints and, therefore, no ranking of the projects
is involved. (3) If there has to be ranking of the projects,
the SMP or the B/C will be preferable to the NPV depending
on the nature of the budgetary constraint.

As far as our study is concerned, we assume no
budgetary constraints. It is a single case study and its
main aim is to find out if the use of resources in the TCP in
Ontario from 1948 to 1966 has been efficient or not. In view
of the above survey the preferred method for our study should
be the NPV (B-C). The results of our research, however, are

reported for all the three criteria.

4, Efficiency and Non-Efficiency Objectives

Efficiency in the context of benefit-cost analysis

is used in the sense of additions made to national product.31

It follows from the above discussion that benefit-cost
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analysis is used to select those social projects, given the
expenditure constraints, which make the maximum additions
to national product.

It has been pointed out that the objective of
undertaking a public investment is to increase social wel-
fare, and economic efficiency can be but only one variable
in the social welfare function. Other equally important
variables can be redistribution of income to classes or to
regions, national defence and so on. Emphasis on economic
efficiency to the exclusion of all other non-efficiency con-
siderations has been challenged. Arthur Maass has called
it "the major limitation of benefit-cost analysis as it has
been applied to public investments in the United States..."32
He blames the new welfare économics for this lacuna in
benefit-cost analysis:

The federal bureaucrats, it should be noted, were not
acting in a vacuum, they were reflecting the doctrines

of the new welfare economics which focused entirely

on economic efficiency. Non-efficiency considerations

have been held to be outside the domain of the welfare
economist. They have been called by such loaded names -
as inefficient, value-laden, altruistic, merit wants,
uneconomical. 33

He suggests that a trade-off ratio between effi-
ciency and one most important non-efficiency objective (and
this according to him will be redistribution of income most
of the time) should be determined for any government program.
This, he thinks, can be done through political process. Once
it is done the planner can attach relative weights to effi-

ciency and non-efficiency objectives and choose on that

basis from the alternatives available to him. Other economists
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also have made a case for the integration of efficiency and
equity criteria.

We assume that it will be better to keep allocation
and distribution separate as much as possible.35 Income
redistribution in itself is a very important and over—-all
problem faced by every modern society. It may be in the best
interest of society, we pelieve, to make the most efficient
use of its resources and to achieve other objectives like
equity by fiscal and other policies like minimum~-wage legis-
tation, etc. Such a policy may enable society to redistribute
a larger aggregate product.36 And benefit-cost analysis,
applied to individual projects, assists us in maximizing the
national product given resources and technology.

Tndeed the TCP in Ontario which is to be studied
in this dissertation serves the twin objectives of efficiency
and equitable distribution of income. Expenditure on tuber-
culosis control to a great extent is an investment in hunman
capital and hence to a large measure in the efficiency of the
economy . More healthy human resources in Ontario are likely
+o enhance the efficiency of the economic apparatus. At the
same time, the objective of redistributing income more equita-
bly among the various groups in the economy is achieved because
it is society rather than the individual who is stricken which
bears the major part of the cost of this program. As we will
see later (Chapter v) funds for this program come largely
from the provincial and federal governments.

The next gquestion now is how benefit-cost analysis
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is to be applied specifically in the case of public health
programs. Methodology of benefit-cost analysis for this
purpose 1is explained in t+he next chapter. This is done by
describing it in the context of a specific public health
program: the TCP in Ontario. But it can be applied to
study the investment worth of various other public health
programs, especially programs where the main objective is

to contrel some disease.
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36Usually redistributing, equitably, smaller national
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aggregate savings and investment in the economy. 1In the
context of deciding goals of economic policy, especially in
under-developed countries, there has been a good deal of
discussion on this point, i.e., whether equitable distribution
of income would accelerate or retard economic growth.



CHAPTER 1V

BENEFIT~COST. ANALYSIS OF TUBERCULOSIS
—CONTROL PROGRAM: ~ METHODOLOGY

This chapter explains how we measure the benefits
and costs of the tuberculosis control program (TCP) in
Ontario. Tt outlines the methodology used and discusses the
assumptions made. The data used and the results obtained
are reported in the next chapter.

In calculating the benefits and costs of the pro-
ject, benefits are defined as all advantageous effects to
society. Prevention or cure of a disease has tremendous

humane value to the beneficiary and society. It gives

increased psychic income to friends and relatives. But we
cannot calculate such benefits -~ though we must always keep
them upper-most in our minds -- and no attempt will be made
to measure them. What we can measure from an economic point
of view is only the increase in production brought about as
a result of success of the project. This approach will
impart a downward bias to the estimated benefits, similar to
‘that in measuring social returns to investment in education.
The basic philosophy adopted in this dissertation is to
estimate benefits conservatively and to opt for upward biased
cost estimates if a choice had to be made among the alterna-
tive estimates. This approach will ensure that the true

NPV (B-C) or B/C should be at least as large as the estimate
resulting from our research.

T+ will be recalled that we are interested in
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estimating the marginal benefits* of the program over the
period 1948-1966 inclusive (see supra, pp. 9-10). They
are determined by measuring and summing the benefits, for
each year, derived from:l

1. Reduced Deaths:

2. Reduced Disability ~- disability being defined as sick-
ness sufficient to cause absence from work; and

3. Reduced Debility -- debility being defined as sickness
that does not cause absenteeism but reduces worker's
productivity on the job.

1. Benefits of the Program

These benefits will symbolically be represented by

Bl’ B2 and B3.

1.1 Benefits from Reduced Deaths -- B

1
Benefits from reduced deaths (or Bl) will be equal

to additions made to national product (in dollar terms) as a
result of net additions to the labour force made possible by
the reduced number of deaths each year**. These benefits will

be measured by the following formula:

T 70+ 70+
B, == = (w . D), + = (v . D_ ), | 1 (4.1)
Yotstofn=r MR ommE Do, Unof 7 Ta £l ey

(1+1)

*The reader may be reminded that by marginal benefits we
mean any incremental or decremental change in benefits (cf.,
ch. I, p. 9).

**The rates of employment and labour force participation
are relevant for these calculations. They are dealt with later
in the chapter (see infra, pp. 89-91).
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where
Vh m = Present value of life~time earnings of a male
! of age n years;
D, m = Reduction in the number of tuberculosis deaths
’ in case of males of age n years, for the total
Ontario population;
Vh ¢ = Present value of life-time earnings of a female
’ of age n years;
Dn £ = Reduction in the number of tuberculosis deaths
’ in case of females of age n years, for the
total Ontario population;
to = Base year chosen for making calculations. In
the case of our project it is 1948;
T = Terminal year; for this analysis it is 1966;
i = An appropriate discount rate;
1 = means age 0-~1, 2 means age 1-2; etc.; and so on;
A. Reduction in the Number of Tuberculosis Deaths -- D

It still remains to be explained how we measure
Dn and Vh for each sex. As far as Dn is concerned, the
method is explained below. As exactly the same method is

used to determine both Dn and D, gr its description is
r

,M
given in general terms without making any specific reference
to the sex of tuberculosis deaths. ‘Separate calculations,
however, are made for each sex.

We have annual data on the actual number of tuber-
culosis deaths from 1948 to 1966. For each year the data
are given by several age groups. For similar age groups we
make yearly projections of the number of deaths which would

have occurred had the TCP been at the pre—1948 level. The

difference between these two figures for each age group in
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each year gives the reduction in the number of deaths (each
year) which can be attributed to the success of the tubercu-
losis control program in Ontario. To project the number of
tuberculosis deaths by age, it is assumea that in the absence
of the "extended tuberculosis control pfogram" the death rate
for each age group would have remained constant at a level
given by the average of death rates for that age group in
1945 to 1947. Then the projected number of deaths by age in

each year from 1948 to 1966 is obtained by the following

formula:
1 - 1
qu,t = qu,t . qu (4.2)
where
qu £ = Total number of deaths between ages X and x+g
14

in time t due to cause 1 (in our case it is
tuberculosis);

qNX £ = Total population in Ontario between ages X and
! x+q in time t;

Q
=
u

Assumed constant death rate between ages x and
x+q due to cause 1l.*

It is to be noted that in is assumed to remain con-
stant at the average level of such rates in 1945 to 1947
rather than at its level in 1947 alone: the year preceding
1948 when the TCP was launched. This assumption is made to
mitigate the effect of any abnormal tuberculosis deaths which

might have occurred in 1947. It could be argued that the

*A useful description of the various types of mortality
rates can be found in Mortimer Spiegelman, Introduction to
Demography (2nd ed., Cambridge, Mass.: Harvard uUniversity
Press, 1969), pp. 81-115.
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average of rates in 1946 to 1948 should be used. 1948 is,
however, excluded because in that year some portion of the
benefits resulting from the TCP must have been realized. The
comparison in our study is between benefits with and without
the program.

There are other methods of projection which could
be used for this purpose. One of them is to fit a trend to
mortality rates for the past seven OrY eight years and extra-
polate for the immediate future and then to multiply these
projected rates by the population for the corresponding years.
It is quite commonly used for forecasting the course of dis-
cases. It was used in 1958 by Dublin* to project the total
number of deaths from tuberculosis in the United States in
1975.2 We are interested in the projections of tuberculosis
deaths by age and sex., We looked at the age-specific death
rates from 1941 to 1947.3 There was no clearly discernible
trend. On the contrary there were wide fluctuations in these
rates especially up to 1945. Afterwards they seemed to more
or less settle down. We, therefore, decided that our method
will give more reliable results than the trend-fitting one.

another method that could be used is given by

Feldmann.** He projected the total number of tuberculosis

deaths in the United States in 1977 by using infection rate

*pDr. Dublin was consultant on health and welfare to the
Institute of Life Insurance, New York.

**Dyr, Feldmann was medical director, National Tuberculosis
Association, New York.
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and the ratios of new tuberculous cases to infection and of
deaths to tuberculous cases in the country.4 But unfortuna-
tely we do not have reliable data; especially on infection
rates* and prevalence of tuberculous cases in Ontario, to
make use of Feldmann's method. This paucity of reliable data
is felt all the more when we require them by age and. sex.
Feldmann himself was confronted with a lack-of-data problem,
He made some heroic assumptions with the result that he him-
self was surprised by the projections which he obtained. He
admitted that his figure was too high., His attempt, he saig,
"was an exercise in theory." His "figures", he added, "are
not to be taken as predictions, but only as an instance of the
kinds of analysis which might be possible if good reliable

data were at hand."5

B. Present Value of Life-Time Earnings -- Va

Vn (representing either Vn,m or Vh’f) signifies the
output which an average person of age n would add to national
pProduct, if his life were saved from premature death. His
annual earnings do not give a proper measure of his contribu-—
tion to national product because once a person's life is saved
he works for a number of years until he dies from some other
cause, or retires. So we have to find the economic value of

a life saved. For this purpose there are no values given

by the market. Human beings are not bought and sold. Slave

*Infection rates are measured by tuberculin conversion
rates. A negative tuberculin test indicates that the person
has not been infected with tuberculosis.



markets have disappeared from the world. And as Rolph and
Break have put it: "One freedom is universally denied 'free'
people, they may not sell themselves to others."6 We can
argue that "life insurance purchases" could be used as a
surrogate for it. But a person buys life insurance largely
out of his concern for his family. It does not reflect the
economic value of his life to himself or to society.7 As
far as pure economic value of a person's life to society in
any particular year is concerned, it will be found by calcu-
lating the present value of his or her life-time earnings in
that year. The following formula will be used for this

purpose:8

K
n-a
Vat == Ynt . Pnt . Sa,nt . Vv (4.3)
n=a
where
Va - Present value of life-time earnings of a person
t aged a years in time t;
Y . .
n, = Average earnings of a person aged n years 1n
time t;
P, = Participation rate in the labour force of a
t person aged n or the probability that a person
aged n will be in the labour force in time t;
Sa n = Probability of an individual of a years of age
M surviving to age n years in time t;
v = 1 , where i is an appropriate rate of discount;
(T + 1)

K = the age at which an individual's earnings are
assumed to cease. In our case it has been assumed
to be 75. Only very few people will be in the
labour force after age 75. But up to 75, we can
reasonably assume, most of the people work in one
form or the other and have some earnings. Their
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earnings towards the later part, especially after
65 years of age, though, will be at a much lower
rate than what they were during their prime
working age.*

From formula (4.1) it is clear that we need two
sets of calculations for the present value of life-time earn-
ings for each year from 1948 to 1966: .one for men and the
other for women. It is necessary because Yn , Pn,, and S

& t a,n
values change according to both age and sex. For example,

t

labour force participation rates (for all ages) are usually
lower for females than for males. Similarly Ynt is larger
for men than for women.

Attempts to quantify the economic value of human
1ife are not new or of recent origin.** Such efforts have
been made since the 17th century when Sir William Petty cal-
culated the economic value of a person's 1ife.9 Recently,
however, the above approach to calculating the economic value

10

of human life has been challenged by Schelling. His argu-

*Formula (4.3) does not include employment rate which
obviously is relevant for the calculations. This point,
however, has been dealt later in the chapter (see infra, p. 89-90).

**Tt may be pointed out by some that it is scandalous or
repugnant to place value on human life. It is sacred and
invaluable. No material measure can be attached to it.
Individuals and society, however, often do take decisions
which attach value to human life. Jacques Thedie and Claude
Abraham sum up the situation beautifully in "Economic Aspects
of Road Accidents", Traffic Engineering and Control, 2 (Februa-
ry, 1961), 590. They observe that "A cross-road 1s laid out,
but a sharp turn remains. Some hospitals are built. Why not
more? Certain sums are spent on medical research. Why not
larger or smaller amounts? Each of these decisions attri-
butes unconsciously in each case a value to human life and
suffering!" It follows from this that it will be preferable
to make this valuation more conscious and systematic, whenever
it is required for policy decisions.
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ment is that the government programs affecting mortality
(like the TCP in Ontario) are aimed at reducing the statisti-
cal probabilities of death in a group of persons. Accordingly,
the value of human life is best measured by what a person,
whose life is affected, or his family will pay to reduce the
probability of his death. Schelling recommends that a repre-
sentative sample of the affected group should be intensively
interviewed and an estimate of the value of life be made
from it. His approach has been severely criticised, mainly
on two grounds: (1) in spite of all the methods suggested
by Schelling to overcome the difficulties inherent in his
suggested "intensive interview technique”, it is not expected
to work operationally and give reliable results; (2) the value
which an individual puts on his own life will not determine
11

We do not find any viable alternative to the "pres-
ent value of an individual's life-time earnings" approach to
estimate the economic worth of a person's life to society;

hence this is the approach that is used in this study.

C. Assumptions and Some Points of Clarification

Even among writers who have used this approach,
every one gets different values depending on the nature and
gquality of the data used and the types of assumptions made.
Our assumptions and their validity are described below.

(a) Earnings Versus Per Capita or Per Worker Product

It is assumed that earnings adequately represent

the value of a person's marginal productivity and hence his
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contribution to national product.* It is possible that when
labour supply increases as a result of reduced deaths --
other factors remaining constant -- marginal productivity
of labour falls. This is a real problem in most of the
underdeveloped countries especially in the agricultural
sector where there is already "under-employment" and "dis-
guised unemployment". It may be assumed that there is no
such problem in Ontario. The number of‘those whose lives
are saved as a result of the TCP is so small as compared to
the total labour force in the province that it will not
affect the labour's marginal productivity very significantly.
Moreover, one of the facts of the Canadian economy brought
out by T.M. Brown in one of his studies is that, "+he Cana-
dian economy as a whole is subject to increasing returns to
labour and capital, and that we are still below the optimum
proportionality of labour and reproducible capital relative
to our land and natural resources."12 what holds true for
Canada will presumably be true for Ontario.

cross-sectional earnings data are used in our study
(see infra, pp. 118-122). It is assumed that a person who
was say 40 years old in 1948 earned in 1949 as much as a
person of 41 years o0ld in 1948 and in 1950 his earnings were
equal to those of a person who was 42 years old in 1948 and

so on. But in a growing economy 1ike that of Canada every

*This assumption implies that there are no imperfections
in the product and labour markets, otherwise the earnings, as
is well known in the literature, will not give a proper esti-
mate of the value of the marginal product of a person.
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individual will expect an upward trend in his earnings
superimposed on the cross-sectional pattern given for any
particular year. This vital fact is taken into account in

our calculations by calculating the real rate of growth in
average annual earningsand adjusting the Vn values accordingly
(see infra, pP-. 123-125).

Another point which deserves consideration here is
that in some studies the net domestic product per worker
(rather than average annual earnings) has been used as a
measure of a worker's productivity. For instance, Reynolds
and the National Planning Association in the U.S.A. have
used this approach to labour productivity.13

Fein, while discussing Reynold's study, points out
rightly the pbasic defect inherent in it. He observes:

In a sense, this approach asserts that all of the
national product (income) and, therefore, any gains
in national product are attributable to labour rather
than to some combination of joint factors of produc-
tion, land, labour, capital, etc. Although it may,
indeed, be true that if there were no labour there

would be no product, it is equally true that if there
were no capital there would be very 1ittle product.

(b) Value of HOUSehold‘Services

A problem arises with respect to putting a dollar
value on the work of a housewife. Many women do not work in
the market. Even those who work usually also keep the house-
hold. But the value of housekeeping services is not included
in calculating the national income. And on this basis, some
writers have argued that a housewife's services should be

ignored in measuring the present value of life-time earnings
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of women. Selma Mushkin first expressed this opinion.15 It
was later defended by Fein in the following words:

...to impute money values to those services which
do not enter the money market would raise as many
guestions as it answers. Where would we draw the
line? We, all of us, perform many services for our-
selves and others that could be purchased. Should
we impute a money value to all these services - e.g.
shining shoes, changing a fuse, mowing the lawn,
baking a cake?16
Not to impute money value to odd jobs which every-
one of us does will not result in a large under-estimation of
the benefits of a program. This, however, will not be the
case if we fail to put dollar value on a housewife's work.
The cost of paying in the market for the former services is
relatively small, while the cost of replacing a housewife's
services in the market (for example, when she is sick) becomes
a very large expense -- of the order of $250 per month.* It
is not necessary that we should follow an approach consistent
with. national income accounting. We are interested in measur-
ing the benefits and costs of a particular project and this
is not the same as measuring the net flow of marketed goods and
services in the economy, i.e., estimating the GNP.17 An
estimated value of a housewife's work, therefore, should be
taken into account in our calculations.
But how to arrive at such an estimate? For this
purpose two approaches have been suggested in the literature:
1. Estimate the opportunity cost - i.e., what a house-
Wife would earn in paid jobs. This provides a
high estimate of the worth of her services to
Society. From a purely economic point of view the

high value of a housewife's work should be what
..... she .could earn .by working outside in the market.

. *This figure is just an example. The actual data used
in the calculations are given on page 127, table 5.4.



87

2. Replacement cost - i.e., the cost of a housekeeper
could be used. This will give a low value of a
housewife's work.¥*

We shall use the second approach because it gives
the conservative estimate, and also because it gives a pre-
cise measure of the market evaluation of housekeeping services.
This figure plus the age-specific average earnings of a fe-

male will give her total earnings by age, i.e., Y. £°
14

(c) Value of Consumption

Another question to which we must now turn is
whether the average earnings of a person of age n(yn) should
be taken as his gross earnings, or as net of his consumption.
There is a controversy on this point. Both concepts are used.
For example, Fein, Rice and other researchers make no deduc-
tions for a person's consumption.18 On the other hand,
Reynold uses income data net of consumption, though he does
not give any reasons for it.19 Waaler** justifies net-of-
consumption approach in the following words:

At any age a person will have a future expected pro-
duction and a future expected consumption, and the

difference will be his future net expected production
or his net contribution to the national product.20

This argument, however, has no general validity and is true

only in a special case.

*In a special case where a woman could work only as a
housekeeper, her earnings as a housekeeper will represent
the low as well as the high value of her services.

**Waaler is an economist with Det Sentrale Tuberkulos-
cregister, Statens skjerm-bildefotografering, Oslo, Norway.




It is true that any contribution to national product
will give us a measure of the value of benefits of an activity
or a program to society. But for that purpose Waaler's
approach is not the one to be followed. When we compute the
national product of an economy, we count an individual's gross
income without making any deductions for his consumption. In
fact, if we agree to Waaler's suggestion, we will treat mem-
bers of society as pieces of physical capital and subtract
their consumptioﬂ from GNP to find out the net national pro-
duct (NNP) of an economy as we deduct, according to present
practices, depreciation or capital consumption allowance.

But this is not the way that we treat the members
of our society. It is .actually to satisfy their demands that -
an economy functions. It is basically unsatiability of their
wants as consumers and their desire for ever-rising standards
of living that prod economies towards higher and higher levels
of development, and that save even the most affluent societies
from "secular stagnation".

Waaler is, however, right if the question before us
is: What the survivors, including his family and the rest of
the members of society, will lose if a person dies? In our
study, however, this is not the relevant question. Ours is
an ex-post study and we are to estimate the life-time pro-
duction of those whose lives have already been saved from
falling prey to tuberculosis. These -people (they are not
identified individuals) live as members of society until they

die from some other cause. And, therefore, their gross income,

like that of every other member of society, is to be counted
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as a part of national product and hence should be included
in measuring the benefits of the TCP in Ontario. Moreover,
even in the case of ex—énte studies it is gross rather than
net output which should be used for calculating Vi It is
not just the survivors who make the investment -= through the
government -- in programs like the TCP, but everyone includ-
ing potential victims, so benefits to everyone (not just the
survivors) should be counted. Accordingly, no deductions

will be made for consumption.

(d) Full Employment of Resources

It is assumed that resources in the economy are
fully employed. This'assumption in fact has already been
implicitly introduced, when we decided that earnings will
represent a person's real contribution to society in any
particular year. It is true that if there is unemployment
in an economy, health'programs may worsen the situation rather
than help it. But then, as it has been pointed out, the
blame should lie where it belongs (with unemployment) and
not with health programs as such.21 Moreover in the post-
World War II era most governments in advanced _economies are
committed to maintain full employment and they follow varied
monetary and fiscal policies to achieve it. It can, there-
fore, be argued that even if there is no full employment at
a certain time, government will be making consistent efforts
to attain it and "cost-benefit techniques used to evaluate
projects should not be adjusted when national employment falls

short of the government target (full employment)."22 To sum
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up, in order to properly evaluate the TCP on its own merits,
we must assume that all workers earn income at their poten-
tial, full employment, rates.

Full employment, however, is not to be interpreted
as 100 per cent utilization of labour resources. It is a
target employment rate consistent with an acceptable rate of
inflation and a balance in international payments. Then
there is always frictional unemployment in every economy.

A 3% rate of unemployment is usually regarded as
a satisfactory approximation of full employment. This is
also the level of full employment assumed by the Economic
Council of Canada. The labour force participation figures
(Pn in formula 4.3) which are used in our calculations are’
therefore, multiplied by 0.97. Other researchers have worked
with some different levels of unemployment as representing
full employment of labour. For Weisbrod it is 5%; Rice and
Cooper use a figure of 4%.23

(e) why Participation Rate?

The rationale for using P in (4.3) is that in order
to get per capita average earnings, data on average earnings
for every year have to be multiplied by the labour force par-
ticipation rates for the respective years. This is necessi-
tated by the nature of the data available to us. The data on
average earnings in a particular year are given for only those
males and females who had earnings during that year.24 As we
know a proportion of persons in any age group does not- work

and hence the necessity for adjustment in our data in order
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to get average earnings per person.

D. Discount Rate -- i

A final, but important question remains. What rate
of interest should be used for purposes of discounting? The
objective of discounting is to express the value (in dollars)
of some future economic action in terms of present (dollars).
But why should we discount? This qugstion has already been
faced (see supra, p. 53). There is a long and continuing
debate on the problem of what rate of discount to use. There
are three schools of thought. One considers that the long-
term rate of interest at which the government of the country
is able to borrow is the appropriate rate of discount for
public projects. Another favours the use of the social time
preference (STP) rate and the third argues for the rate re-
presenting the social opportunity cost of capital (SOC).
Their respective positions have been appraised in "Appendix A".
It is suggested there that we will use three different rates
of interest -- 4,8, and 15 per cent -~ to calculate Vat and
to measure the NPV (B-C) or B/C of the TCP in Ontario. It is
assumed that 15% approximates the SOC and 4% the STP. Eight
per cent is selected as an approximation for the mid-point
rate between the two. It is also noted there that these rates
are to be interpreted as real and not financial rates of
interest. Moreover, they are to be taken as the rates unad-
justed for any risks or uncertainties.

One thing which we want to emphasize here is that

the choice of rate of discount is of vital importance. At
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times the fate of a project may be decided simply by this
choice alone. Some projects may become desirable at lower
rates of interest while they would never pass muster at
higher rates, For example, Fox and Herfindahl found that if
the Corps of Engineers in analyzing prospective projects
raised their interest (or discount) rate from 2.5, to 4, 6,
or 8 per cent, then out of the initial set of projects which
had B/C >1 at 2.5%, respectively 9, 64, and 80 per cent of
the projects would have had a benefit-cost ratio of less

25

than unity. To emphasize how sensitive the efficiency of

a project is to the choice of rate of interest, we could not
resist quoting one of Kenneth Boulding's verses:26

Around the mysteries of finance

We must perform a ritual dance
Because the long-term interest rate
Determines any project's fate:

At two per cent the case is clear,
At three, some shaking doubts appear,
At four, it draws its final breath
While five per cent is certain death.

1.2 Benefits from Reduced Disability -- B2

Benefits from reduced disability (B2) will be calcu-

lated by using the following formula:

T 70+ 70+
B, == = (r .Y .H, + = (R Y oo H |1
2 — - n’m n,m t - n,f n’f t —T—'
t=to| n=15 n=15 (l+i)t‘t°
(4.4)
where,
Rn m - Annual reduction in tuberculosis cases in males
' of age n years;
Yn m = Average annual earnings of a male of age n years;
14
H = Average period of disability, in units of

years;
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v
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N f Annual reduction in tuberculosis cases in fe~
' males of age n years;

<
"

Average annual earnings of a female of age n
years;

rr
n

Base year as in (4.1)

=3
]

Terminal year as in (4.1)

A. Reduction in the Numb‘e‘r‘'o‘:E‘Tube‘r‘c‘u’l’os'i‘s‘'Ca's'e':s'‘-'-'--'R,,1

In order to calculate Rn m and Rn we need to know
’

£
the age and sex-specific incidence of tuberculosis (new cases
of TB in a year) as it has been from 1948 to 1966 and as it
would have been had the TCP remained at the pre-1948 level.
The difference between the two figures will give the required
data. For the former we have the data on the actual annual
incidence of tuberculosis by age and sex from 1948 to 1966.
For the latter we have to make projections. For making these
projections we use a method exéctly similar to the one used
for mortality projections (see supra, PP. 77—79). The only
difference is that in formula (4.2), age-specific mortality
rate (in) is to be replaced by age-specific incidence or
morbidity rate (qu). qli is assumed to remain constant at
the average level of such rates in 1945-1947. This assumption
is made for a similar reason for which it was adopted for
producing tuberculosis death projections.

There are other possible projection methods which
could be used, but we have decided against using them. Below

we explain briefly the reasons for our decision.

We decided against trend-fitting method for reasons
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similar to those for which we did not use it for projecting
deaths from tuberculosis (see supra, P. 79). The fluctua-
tions in the age-specific incidence rates from year to year
were sufficiently wide as to give no evidence of any clear
trend.

A few more sophisticated methods have been suggested
in the literature. One such method is given by Waaler; Geser
and Andersen.* Their basic premise is that "the epidemiolo~
gical factors, such as prevalence and incidence of infection
and disease, are mutually dependent and between them deter-
mine the trend of tuberculosis. These factors are closely
linked together in a set of relationships."27 By postulating
a set of eqguations and making simplifying assumptions they
succeed in constructing a simple epidemetric model, reflecting
the dynamics of tuberculosis. By utilizing difference equa-
tion methods they project the time trend of tuberculosis pre-
valence gn.three different situations: (1) when there are no
controls. This they call the spontaneous time trend; (2) when
under one imaginary control program two~thirds of the cases
are detected and successfully treated; and (3) when there is
a BCG** campaign which keeps 70% of all infected efficiently
vaccinated in the area.

Their model can be used to project the time trend
of morbidity or incidence of tuberculosis. But the data re-

quirements for using their model are immense and cannot be

*Waaler was WHO senior statistician, Geser was WHO epi-
demiologist and Andersen was senior WHO officer, World Health
Organization, National Tuberculosis Institute, Bangalore, India.

**Bacillus Calmette-Guerin. A vaccine used to vaccinate
human beings against tuberculosis.



fulfilled, given the present state of data in Ontario. To
use their model, we will require data on the following: pre-
valence of infection, prevalence of cases, annual incidence
of infection, annual rate of healing and annual death rates
in three subgroups of the population -- the noninfected, the
infected non cases and the cases. These data will be required
for at least one year in the period immediately preceding the
TCP in Ontario. These statistics are not available even in
aggregate not to speak of by age and sex.
The authors of the model themselves were faced with
the scarcity-of-data problem. They were quick to realize
that to satisfy the data needs, we may have to have "longi-
tudinal surveys in large random samples of population groups."28
To illustrate the potential uses of their model, however,
they solve it by plugging in data derived mainly from Frimodt-
Moller's* longitudinal survey in South India.29 It is signi-
ficant to note their comment on this data source. They state
that "these data appear to be among the most complete which
are available anywhere in the field of tuberculosis epidem-
iology. Even these data must, however, be taken with some
reservations since inherent difficulties make certain esti-
mates rather doubtful.“30
We thought of making a few very simplifying assump-

tions to reduce the data requirements to the minimum possible.

*Frimodt-Moller was chief, WHO Tuberculosis Research
Office Madanapalle Field Research Station, Madanapalle,
South India.
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At a minimum we need tuberculosis infection rates* by age

and sex for a year in the period immediétely preceding 1948,
Even this requirement could not be satisfied. We could not
find any published statistics on it. We contacted Dr. Ashley
of the Epidemiology Service, Ontario Department of Health.
She was very helpful indeed. But she could find these data
only for 1958-60, She sent them to us with a letter saying

that "these are the latest and the only data which I could
31

find for the province as a whole." (Italics mine). Ob-
viously we could not use those figures for projecting tuber-
culosis morbidity in Ontario as it would have been in the
absence of the extended TCP.

Another method has been presented by ReVelle, Lynn
and Feldmann.** They describe their model in a system of
nine differential equations--which state the dynamics of the
disease in mathematical terms. The emphasis of their model,
they state, is "on tuberculosis control in developing nations
where high prevalences of active cases are observed, but the
descriptive model may be applied for simple projection pur-
poses to technologically advanced nations as well."32 But
the data requirements in the case of this model too are at

least as great, if not greater than, as in the case of the

earlier one. This should be clear from the fact that most

*For definition of infection rates see supra, p. 80, n.

**They were respectively from the Centre for Environmen-
tal Quality Management, Cornell University College of Engi-
neering and the Department of Public Health, Cornell Univer-
sity Medical College.
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of the data, which they utilize to illustrate the uses of
their model, are taken from the Waaler - Geser and Andersen
model itself, i.e., the first model described above.

Our method, therefore, was the best which could be
used. Methods, similar to ours, have been used to forecast
the morbidity of some diseases. For example, Cutler and
Haenszel* used the age-specific cancer incidence rates as
observed in 10 urban areas of the States in 1947 to forecast
the cancer incidence (new cases of cancer) in the U.S.A. for

the years 1960 to 1975.3°

Weisbrod recently calculated the
number of polio dases expected in the U.S.A. "for each year
following 1957" in the event that there would have been no

successful research~vaccination program. He used a method

guite similar to ours.34

B. Tuberculosis Incidence Rate

Our method makes use of the age-and-sex specific
tuberculosis incidence rates to prepare projections of tuber-—
culosis cases in the absence of the TCP. The important ques-
tion to be considered is what represents the tuberculosis
incidence? Is it the number of patients in the TB institu-
tions or the notification of new TB cases or some other such
index? The number of patients in TB institutions (sanatoria)
cannot be a proper index for our purpose. It represents
tuberculosis prevalence rather than incidence. That this is

so becomes clear from the following definitions of the two

*Cutler was an analytical statistician in the Biometry
Section in the National Cancer Institute, U.S.A. Haenszel was
the head of that Section.



concepts:
1. The incidence is based on the number of new cases
developing in a given year.

2. The prevalence is the total number of all types
of living cases of tuberculosis, some of whom have
been known for years.

Clearly, if we use the figures for patients in
tuberculosis institutions to calculate B2, we will be double
counting.

Dr. C.A. Wicks, superintendent of the Toronto Hos-
pital for Tuberculosis, considered using "notifications of
new cases of active tuberculosis plus the number of relapses
each year by age and sex groups" as a reasonably good index
of tuberculosis morbidity (incidence). But he justifiably
rejected it on two grounds: (1) notification of new active
tuberculosis cases is less than the actual number. He im-
plies thereby that the reporting of tuberculosis, though
required by law, is not perfect; (2) Figures regarding re-
lapse of tuberculosis are not readily available. He conclu-
ded that under these circumstances one is "limited in a
choice of presently available yardsticks of tuberculosis
morbidity to 'tuberculosis first admissions to tuberculosis
institutions'.“36

Other medical experts also agree with Wick's con-
clusion. For example, Brink, while investigating whether
the incidence of TB in Ontario has gone down or not over a
period of time, makes the following statement:

The number of cases entering sanatoria for the first

time can be compared from year to year and is a fairly
good index for measuring the incidence of the disease.
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In the absence of any better indicator of tubercu-
losis incidence we will also use it (first admissions to

tuberculosis institutions) for purposes of our calculations.

C. Other Data

The data on the other required variables, i.e.

Y

and H are available. For Yn the same

and Y
n

n,m’ Yn,f ,E7

data will be used as in (4.3) For H, we will use the data

14

on mean hospital stay of tuberculosis patients in Ontario.

1.3 Benefits from Reduced Debility -~ B,

To estimate the benefits to society from reduced

debility (i.e. B3) is not possible. There may be some people
who have tuberculosis but the disease in their case has not
yet been detected. 1In all probability the productivity of
these people will be adversely affected. The TCP in Ontario
must have helped reduce the number of such cases. But we
do not have any data on it. Moreover we do not know to
what extent the undetected tuberculosis adversely affects
a person's productivity. We are, therefore, not able to
give any quantified results for Bs.

It could be argued that ex-TB patients* may also
suffer from reduced productivity on the job and this factor,

if true, will effect our measure of the benefits of the

*An ex-TB patient is one who had tuberculosis in the
past but since then has been cured of it.
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TCP.* We do not have much evidence on how the productivity
of ex-TB patients is affected. However, whatever evidence
we have suggests strongly thét tuberculosis, once cured,
does not affect adversely a person's productivity on the job.

We know of only one report which studied the work
performance records of ex-tuberculosis employees and compared
them with those of unimpaired industrial employees. It con-
cluded that "the ex-tuberculosis employees studied in this
survey were ‘'normal workers who, properly placed, were able
to compete successfully with unimpaired workers on the same
jobs'.“38 The report studied the work performance of physi-
cally impaired workers in general. In one chapter the work
performance of 513 ex-tuberculous workers was analysed as
against that of a control group of 910 unimpaired workers.**

However, the impossibility of quantifying B, in
the other possible cases (mentioned above) imparts a downward
bias to the estimates of the benefits of the program as
prepared in our study. This of course is in keeping with our
basic approach to the benefit calculations in our research,
i.e., to estimate benefits conservatively (cf., p. 75).

We can now sum up the marginal (incremental) bene-

fits side of our analysis for the TCP in Ontario, to the

*There will be another category of such people whose
disease has been detected but they have not yet been cured
of it. These people will be in sanatoria and thus accounted
for while calculating B;. To the extent that they are not
in sanatoria but on the job working with reduced productivity
our estimated benefits of the program will be downward
biased.

**T+ could be argued that...(continued on the following page)



Continuation of footnote ** from page 100

...some of the old ex-patients who were cured mainly by
surgery, in the immediate post-chemotherapy era, would
have reduced productivity on the job. In the extreme cases
they may never join the labour force again. The "Extended
TCP" helped by "wonder drugs" must have reduced the number
of such cases. However, the benefits of the program
resulting from this phenomenon cannot be measured.
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extent that we are able to estimate these in numerical form.
They are simply B = B1 + B2. These benefits, as mentioned

earlier, are deflated and expressed in constant 1949 dollars.

2. Costs of the Program

Costs of our project are defined as total inputs
of goods and services (in dollar terms) which had to be in-
curred on the TCP in Ontario from 1948 to 1966. It may
again be remembered that we are interested in measuring the
marginal costs * (MC) of the TCP (see supra, pp. 9-10).
These marginal costs for every year are measured as the
difference between the actual total costs (TC) incurred
every year from 1948 to 1966 and the projected total costs
that would have been incurred in the absence of the TCP as
started in 1948.

Actual total costs (TC) incurred every year from
1948 to 1966 will be calculated by summing the costs in-
curred by various sources and agencies who spend on the TCP
in Ontario, or in other words TC for every year will be de-
fined as:

TC

c, +C, +C (4.5)
where
Cl = All costs incurred by the provincial government;

02 = All costs incurred by the federal government;

a
I

Costs incurred by the voluntary associations
like the Ontario Tuberculosis Association.

*The reader may be reminded that we have defined margi-
nal costs as any finite incremental or decremental costs of
the project (cf., p. 9).
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We may note here that in calculating these costs (in Chapter
V) full care is taken to avoid double counting. The steps
taken for this purpose are outlined there. Research costs
are not included because all the drugs used in the treatment
of tuberculosis were discovered outside Canada.

To arrive at the projected total costs which would
have occurred from 1948 to 1966 without an expanded TCP wé
use the projected per capita costs, E%p _ tcp, multiplied by
total population, N.

Then

MC, = TC, - TC, . (4.6)

and C, component in NPV (B-C) or B/C is given by

c= = M . 1 (4.7)

t=to (1+i)t—to

where

to and T have the same meaning as in (4.1).

It is assumed that tcp, to be consistent with our
method used to produce tuberculosis mortality and morbidity
projections, will remain constant at the average level of per
capita costs that obtained in the period 1945 to 1947. The
average of per capita costs in three years prior to 1948
rather than the per capita cost in 1947 alone is used to
mitigate the effect of any extraordinarily large costs which
might have occurred in 1947.%

It could be argued that tcp in the period under

1 *This reason is similar to the one for which Mi and
qI, were used for making tuberculosis mortality ang
mo%bidity projections (see supra, pPp. 78 and 93).
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study (1948 to 1966) would have declined in the absence of
the extended tuberculosis control program. The argument
could be made as follows. In this period population in
Ontario increased at a very high rate, especially up to the
late fifties: the period of the baby boom and high immigra-
tion. It is doubtful that in the absence of the expanded
TCP, made possible by the federal health grants for tubercu-
losis control and aided by the discovery of antibiotics
(which finally provided mankind with a highly effective cuie
for tuberculosis), the total expenditure on tuberculosis
would have increased sufficiently to keep pace with the in-
crease in population.*

To take account of this line of argument, we
assume in an alternative set of calculations that the projected
total costs of the program, not its per capita costs, remain
constant at the average level of these costs in 1945 to 1947.
In other words, we allow tcp to fall. This assumption provides
us with another set of the projected total costs and the
corresponding set of the marginal costs of the program. The
results corresponding to the two alternative assumptions are

presented and analyzed in Chapter V (see infra, pp. 167-174).

3. Some Other Considerations

3.1 " Environmental Factors and Tuberculosis

Before we close this chapter, a few other points of

*For a brief history of the discovery of "wonder drugs"
and the role of the federal grants in the TCP in Ontario (see

supra, pp. 17=19.
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great importance and relevance to our study should be con-
sidered. It is pointed out that in addition to the discovery
of "Wonder'drugs" and their availability to all patients,

made possible by the extended TCP, the fight against tubercu-
losis has been Qreatly aided by environmental factors.* These
environmental factors can often be represented by per capita
real income largely because most of these factors (like nutri-
tion, housing and education, etc.) tend to be highly corre-
lated with real income. The favourable effects of increasing
real income and hence that of rising standards of living on
the levels of health in an economy are pretty much emphasized.
Such favourable effects are said to be particularly signifi-
cant in the case of tuberculosis.

We could partly attribute the decline of tubercu-~
losis to environmental changes; but we tend to agree with
Springett, the former president of the British Thoracic and
Tuberculosis Association, that "the dramatic improvements in
the tuberculosis situation are due largely to efficient
chemotherapy..."39

Fuchs has done a compfehensive study on the contri-
bution of health services to the American econom.y.40 In it
he comments that during the last twenty-five years the single
most important factor responsible for improvements in health

levels probably has been improvements in (medical) technology. **

*Environmental factors are usually defined as factors like
nutrition, housing, education, occupation, urbanization and
recreation, etc.

**Improved technology in the medical field is defined as
better drugs, better medical knowledge and better diagnostic
techniques, etc.
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He also adds that medical services have been demonstrably
effective in controlling the infectious diseases and that
though we can attribute the decline of tuberculosis in part
to environmental changes, the principal cause for decline in
the tuberculosis death rate remains the provision of improved
medical services.

He compares the crude death rates for tuberculosis
in five European countries in 1960 with the rates in the

United States in 1960 and 1925. His figures are reproduced

below:
TABLE 4.1
COMPARISON OF TUBERCULOSIS DEATH RATES
OF UNITED STATES IN 1925 AND 1960
WITH RATES IN EUROPEAN COUNTRIES IN 1960
Crude Death Rates Per
100,000 Population
Country Tuberculosis (all forms)
1925
United States 84.8
1960
United States 5.9
England & Wales 7.5
France 22.1
West Germany
(excluding Berlin) 16.2
Netherlands 2.8
Belgium 17.1

Source: Victor R. Fuchs, "The Contribution of Health
Services to the American Economy”, Milbank
" Memorial Fund Quarterly, 44 (Number 11,
October, 1960), Table 2, p. 82.
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Fuchs selects the 1925-data for the U.S.A. because
the five European countries, studied by him, in 1960 had
real per capita income at a level which was roughly compara-
ble to that of the States in 1925. He points out that the
death rates in general are higher for the European countries
because of ‘the fact that older people are in larger propor-
tion there. 1In spite of this bias the tuberculosis mortality
rates are much closer to the rates in the U.S.A. in 1960
rather than in 1925. From this he rightly concludes that,
"one explanation worth inveétigating is that the European
countries enjoy a medical technology that is similar to that
of the United States in 1960, and that changes in medical
technology have been the principal cause of the decrease in
the United States death rate from 1925 to 1960, "%l

We think that a similar conclusion could be drawn
for Ontario also and we may say that the extended TCP along
with "wonder drugs" is the main cause of decline in tubercu-
losis in Ontario.

We have mentioned above that the environmental
factors could also be given credit for bringing tuberculosis
under control in Ontario. But just what proportion, howso-
ever small, of the benefits of the TCP should be attributed
to rising standards of living énd environmental factors is
not clear. All environmental changes may not have a positive
effect on tuberculosis control. For example, nutritious diet
will incfease a person's resistance against tuberculosis but

his migration to over-crowed big industrial centres, a
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common phenomenon in a modern industrial country like Canada,
faced with housing congestion and air pollution will probably
affect his health adversely and thus decrease his resistance

to tuberculosis. What the net result will be is an important
empirical question, though a very hard one to answer.

For all these reasons, we have decided not to make
any adjustments in benefits or costs of the TCP for the
environmental changes that have occurred over the period
1948-1966.

3.2 Technological Change and Benefits of the Tuberculosis
Control Program

We have concluded that improvement in medical techno-
logy and the availability of this technology to the patients
under the TCP have been the principal causes of decline in the
tuberculosis problem in Ontario.

In 1948, the year when the "Expanded Tuberculosis
Control Program" was started in Ontario, two developments
took place simultaneously:

1. Quality of medical services available for treatment of
TB improved. "Wonder drugs" were becoming available.

2. Increased amounts of public funds were being spent to
take advantage of the new drugs and to extend the pre-
ventive measures.

We are, therefore, confronted with an important
question: What proportion of the benefits of the TCP in
Ontario should be attributed to development 1, i.e., the
improved technology in the treatment of TB, and what propor-

tion should be accredited to development 2?

This is a very intricate question. The two pheno-
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meéna are very much interrelated as far as their role in con-
trolling tuberculosis is concerned. Tuberculosis could not
have been controlled had either of them not occurred. Before
the discovery of chemotherapy there was no really effective
treatment available for this disease. In fact, bed rest and
collapse therapy (largely artificial pneumothorax), represented
the most accepted form of treatment. As mentioned earlier
(see supra, p. 18) there are three major drugs which are used
in the treatment of TB: Streptomycin, PAS and Isoniazid.

The use of streptomycin for tuberculosis treatment was first
reported in 1947-48 and that of PAS in 1949 and very soon the
two were being used in combination. The third drug was first
used in 1952,

But had the government not provided funds* for
making these drugs available to all patients free of charge,
their use would have progressed very slowly and the TB control
in Ontario would not have been so successful (see supra, p. 19).

Under the circumstances how do we distribute the
total benefits of the program between the two factors res-
ponsible for its success. Below we suggest a possible
method. It may not be an ideal one but given the complicated
nature of the problem and the data limitations, it seems to
be the best.

The discovery and the use of chemotherapy affected

*Public funds were of course used for financing the
other aspects, like case finding activities, of the TCP in
Ontario. For a brief description of the TCP and its histori-
cal evolution, see Chapter I.




109

tuberculosis mortality and morbidity, the two components of
totél benefits of the TCP as measured in this study, by
making it possible to cure it very effectively.

It is a well known fact that the chemotherapeutic
treatment of tuberculosis has saved the lives of hundreds of
thousands of tuberculosis patients throughout the world. The
treatmént has also reduced the morbidity of this most in-
fectious disease. It is generally recognized that "in most
countries sputum is the main source of tuberculous infection.
If all patients could be treated and their sputum converted
to negative, new infections would cease. For a time new
cases would continue to arise from previous infections, but
this source should gradually decrease."42 There is evidence
to suggest that even advanced cases when treated with satis-
factory chemotherapy almost immediately cease to be a source
of infection.43 The chemotherapeutic treatment thus reduces
the pool of infection in the country and hence the morbidity
of the disease. ﬁew people are not exposed to as many sources
of infection as in the absence of effective treatment.

It is evident, therefore, that if we succeed in
measuring the degree of influence of the "wonder drugs" on
the efficacy of treatment of tuberculosis, we could use it
to approximate the effect of these drugs on tuberculous
mortality and morbidity and hence on the total benefits of
the TCP. For example, if we find that the use of chemo-
therapy made the tuberculosis treatment x% more effective,
we could argue that x% of the total benefits of the TCP

should be attributed to the use of antimicrobial drugs.
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Following Drolet and Lowell of the New York Tuber-
culosis and Health Association we measure the influence of
these drugs on tuberculosis treatment by studying their

effect on the case-fatality rate.44

It is defined as the
ratio of deaths to the new cases reported. Prior to the
introduction of chemotherapeutic treatment "there was a rela-
tively constant relationship between infection, development
of disease énd progression to death."45 Consequently, the
case-fatality rates had not shown any improvement for more
than twenty years.46 With the use of drug treatment they
started falling.

To determine the effect of drugs on the case-fatality
rates we should study such a sample of patients which is almost
entirely treated by drug therapy. Not only the availability
of drugs but also the extent of their use will influence these
rates, But in the beginning when chemotherapy was introduced
it did not entirely replace the traditional bed rest treatment.
Drug treatment was not always started immediately after diag-
nosis.47

Drolet and Lowell have access to the right kind of
data.48 They study the case fatality rates among tuberculous
patients hospitalized by the U.S. Veterans Administration.
The administration had launched a large-scale test of strep-
tomycin in the latter part of 1946 on hundreds of patients
in collaboration with the Army and the Navy. With strepto-

mycin widely used by the administration in 1947-48, the case

fatality rate, compared to the rate in 1946, dropped by one-



third in 1948. 1In 1949 PAS was used as a companion drug for
streptomycin. The dual-drug therapy brought a further decline
in the case fatality rate among tuberculous patients of the
U.S. Veterans Administration. It was down by 50% compared
to the rate in 1946. Moreover, it stabilized itself around
the level obtained in 1949 (10 per cent) till the introduction
of isoniazid, the third of the "wonder drugs". Its use in
1952 among the veterans hospitalized because of tuberculosis
affected a further fall in the case fatality rate among them.
In 1953 it was practically only one-third of the 1946 rate.
Drolet and Lowell's study of the case-fatality rate
among the patients of the Sea View Hospital, one of the
largest institutions for the treatment of tuberculosis in the
world, led them to the conclusion that in 1953, when more than
90 per cent of the patients were receiving isoniazid therapy,
it was practically one-third of the rate in 1947.49
There is not much detailed information available
to enable us to analyze the effect of chemotherapy on the
morbidity rates. Whatever evidence is available, however,
suggests that the effect of chemotherapy on tuberculosis
incidence was similar to the one on mortality. Crofton points
out that in Edinburgh (England) when good chemotherapy became
available for all patients, new cases (as indicated by notifi-
cations) first fell by 47% and later by 68%.50
In light of the above findings, we decided that
improved medical technology resulting mainly from the dis-

-

"covery of antibiotics could be credited for one-third of the
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total benefits of the TCP in 1948; one~half in 1949 to 1952
and two-thirds in 1953 and onwards. Accordingly, in order

to measure the NPV(B-C), B/C or the rate of return on invest-
ment in the TCP after allowing for the beneficial effects

of chemotherapy, the estimates of the annual benefits from
the program are adjusted downwards each year by the above
proportions. For example, the estimated benefits in 1948 are
reduced by one-third, in 1949 by one-half and so on.

Tt should be noted here that thisadjustment in the
estimated benefits of the program is warranted only if each
year the best available chemotherapy was used on a large
scale. To the extent that this assumption did not hold in
Ontario the benefits of the TCP will be underestimated. To
repeat ourselves, this will be in accordance with the basic
philosophy of our study (see supra, P. 75) and the true value
of the NPV (B~C) or B/C of the program should lie above the
figure resulting from our research.

The results of our research are reported in the
next chapter. They are given for the TCP after allowing for
the beneficial effects of chemotherapy and without accounting
for these effects. In each case the results are presented
for the three criteria of project selection discussed in

Chapter III.
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CHAPTER V

BENEFIT-COST ANALYSIS OF TUBERCULOSIS
CONTROL PROGRAM: RESULTS

We have already explained the methodology of mea-
suring the marginal benefits and the marginal cﬁsts of the
Tuberculosis Control Program (TCP) in Ontario. 1In this
chapter we present the results obtained by using that methodo-

logy and some of the data needed for the purpose.

1. Benefits of the Program

The measured benefits of the program, as explained

earlier, are equal to Bl + B2 (see supra, p. 101 .

1.1 Benefits from Reduced Deaths -- Bl

To calculate B,, we use formula (4.1). It is clear
from that formula that we have to have data on Vn (the pre-
sent value of life-time earnings of a person of age n years)
and D, (reduction in the number of tuberculosis deaths of

people of age n years) for 1948-1966 inclusive.

A. Present Value of Life-time Earnings -- v,

To estimate Vn’ we use formula (4.3). Before we
present the results of these calculations, we would like to
give some of the data used, explain the adjustments carried
out. on them and describe the assumptions made for these

adjustments.
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The basic data on Y are presented in Table 5.1.
These are the average (mean) income statistics for those
people whose major source of income was wages and salaries
and thus they represent earnings as distinguished from income.
The latter includes returns on investment and property also.
It is the earnings, as stated earlier (see supra, pp. 83-85)
that measure a person's marginal productivity and hence the
contribution of his labour services to gross national product.
The survey reports from which the earnings statistics are
taken cover only the non-farm incomes. We assume that these
income statistics represent closely enough, for our purposes,
the income of farmers and self-employed.

In some studies median instead of the mean earnings
have been used, largely because the data on the latter have
not been available.l It is generally recognized in the
literature that for purposes like ours we should preferably
use the mean rather than median earnings.2

The data given in Table 5.1 are for Canada. In
Ontario the earnings on average are higher than the‘corres—
ponding national figures. To take cognizance of this fact
we adjusted the data. The factor of adjustment used is the
ratio between the average earnings for all ages in Ontario
for a particular year and its counterpart for Canada for
that year. . It is, therefore, invariant for each sex and age
group. The adjusted data are presented in Table 5.2.

It may be noted that in Table 5.1, the age-groups
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for which the data have been reported for 1961 and 1965 are
different from the groups used for other years. But in
Table 5.2, uniform age-groups for all years have been used.

To bring the 1961 and 1965 earnings into the same
age groupings as for the earlier years, the data for these
years (as given in Table 5.1) were graphed and the desired
results were interpolated. In this process the average
earnings in each age-class were imputed to its mid-point.

The resulting statistics were then adjusted to account for
the fact that average earnings in Ontario are higher than the
earnings in Canada as a whole. This adjustment was carried
out in the same way as for other years. The adjusted data
appear in Table 5.2.

To develop the required time series of statistics
on earnings by single year of age for each sex, the following
procedures were adopted. The available data (Table 5.2) are
for 1951, '54, '57, '59, '61 and '65 only. To complete the
time series for the years 1948 to 1966, we must estimate the
earnings statistics for the missing years. This was done by
fitting the following linear regression for each sex and age-
group.

Y

A + Bt (5.1)

where

<
]

Earnings for a particular sex and age-group

.t =T - to; T = 1951, 1954, 1957, 1959, 1961 and 1965.

rr
[}

1950
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The regression gave a very good fit in all cases
with high r%s and high t values for the co-efficients.

From these sex-specific data by age-groupings for
each year from 1948 to 1966, we must estimate the annual
earnings for each sex by single year of age. This was done
by fitting the following equation to the mid-points of each
age-grouping (16.5, 24.5, 34.5, 44.5, 57 and 70) for each

sex and year separately.

Y = A + Bx + Cx° - ' (5.2)
where

Y = Income by age and sex

X = Age of a person in years

The regression gave a very good fit to the yearly
data for each sex.* The fitted equation for each year and
sex was then used to interpolate earnings by sex and single
year of age: 14, 15, 16, 17, -—-—=--- , 75 years. These esti-
mated cross-sectional data on earnings by age and sex are
used in our calculations. It has been mentioned that in esti-
mating Vn values by age and sex for each year from 1948 to
1966, these cross-sectional data should be adjusted for the
real growth in labour productivity and hence in earnings (see
supra, pp. 84-85). This is indeed done in our V calculations.

The method is explained below.

*Tn fact we had decided to fit this quadratic function
to the annual data because the graph drawn from the data
showed very clearly that earnings increase with age; reach
a maximum; remain constant for some time; and then start
falling.
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(b) Rate of Growth in Earnings

It was estimated that over a period of 35 years
(1926 to 1961) the real rate of growth in average annual
earnings was 1.5 per cent. During this period, average pro-
ductivity of labour or the real output per man-hour increased

by an annual rate of 2.75 per cent.3

We would, therefore,
expect that the real wage rate must have increased approxi-
mately at this rate. But the growth in real earnings per
worker per year was smaller than the expected rate of in-
crease in real wages because during this period there was a
"pronounced growth in leisure" and the average annual hours
of work per worker declined by 0.80 per cent per year.4 The
method of arriving at our estimate of growth rate in average
annual real earnings is outlined below and the data used for
this purpose are presented in Table 5.3.

From those data, the ratio between the annual real
earnings of a worker in 1961 and 1926 turns out to be 1.6825.
From the compound interest rate tables it was calculated that
one dollar will grow to $1.6825 in 35 years (the period of
growth under consideration) if it is allowed to grow at a
yearly rate of 1.498 per cent or roughly at a rate of 1.5 per
cent.

While calculating Vn values in a particular year
we superimposed this rate of growth on an individual's income
given by the cross-sectional pattern of earnings for that
year. However, this was done indirectly by adjusting the

rate of discount used for our calculations. When, for example,
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the rate of discount used was 4 per cent, we effectively used
a discount rate of 2.463 per cent. The logic behind this
procedure can be easily explained with the help of an example.

Suppose a person earns $X per year at the present
level of wages, prices and productivity. A year later his
earnings at present prices will be = $X+1.015 per year. Dis-
counted at 4 per cent their present value will be =

$X-1.015 or = $X + 1.040. So the effective rate of discount
T.040 1.015 A :

is given by 1.G40 - 1.02463 or 2.463 per cent per year. The
1.015

other discount rates used in Vh calculations are 8 per cent

and 15 per cent. They were also adjusted for the growth rate
of 1.5 per cent and hence the effective rates used were 6.403

per cent and 13.300 per cent.

(c) vValue of Household Services

Another adjustment made in the income data was in
the case of earnings of women. We have argued strongly that
to a woman's average earnings we must add an imputed value
for her work as a housewife (see supra, pp. 85-87). Following
a suggestion given by Kuznets, we considered using the wages
paid to domestic servants for this purpose.5 Unfortunately
we could not get any data for the earnings of domestic ser-
vants in Ontario or in Canada. After a thorough search for
the data, we decided to use the income statistics for a class
of workers categorized in the 1961 Census as "Housekeepers
(except private households), matrons and stewards". This

measure may actually give a better estimate of the monetary
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value of a housewife's work than the earnings of a domestic
worker. She not only does the housekeeping work but at times
performs the functions of matrons and stewards also for her
family. The average earnings of a female worker in this
group in Ontario were $1910 per year in 1961. But we need a
time series of data on this. To generate these data, we made
the reasonable assumption that her yearly earnings experienced
the same percentage change as was observed in the average
(annual) weekly wages and salaries in the service industry
in Ontario. We, however, hasten to add, lest the assumption
should appear entirely unwarranted, that the service industry
as defined here does not include government, community and
health services.* The results obtained after applying this
assumption to the 1961 data are put in Table 5.4. The im-
puted value for household work for a particular year is
added to that year's age-specific average earnings figure for
females. The average total earnings thus obtained are used
in calculating the life-time earnings of females in that year.
The data on the average weekly wages and salaries in the
service industry are taken from Statistics Canada publications.6
We have added the imputed value of household work
to every woman's average earnings. It could be argued that
the value of household services should be taken into account
only in the case of such women as do not work. If a woman
works, her husband in all probability helps her in keeping

the household. As we do not put any value on his household

*T+ includes hotels, restaurants, laundries and dry
cleaning plants, etc.



TABLE 5.4

AVERAGE EARNINGS OF HOUSEKEEPERS (EXCEPT PRIVATE
HOUSEHOLDS) , MATRONS AND STEWARDS, ONTARIO

Year Earnings
(Dollars)
1948 892
1949 950
1950 1,021
1951 1,105
1952 1,195
1953 1,296
1954 1,369
1955 1,432
1956 1,502
1957 1,609
1958 1,661
1959 1,727
1960 1,821
1961 1,910
1962 1,966
1963 2,016
1964 2,093
1965 2,195
1966 2,316

Source: See text.
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services, so we should not put value on her services.
We, however, have not followed this,approach.
Even if a working woman's husband helps in household work,
it is usually she who has to do the larger part of the house-
hold chores.
Moreover, the difference between our calculated
Vh values for women and those that we will get by following
the above alternative will be almost negligible. Therefore,
no alternative measure of Vh values for women are produced.
The average earnings of a woman, if we follow the

above suggestion, will be given by the following equation:

Y= (I'N, + HN )1 (5.3)
N
where
Y = Average earnings per woman;
I = Income (wages) per working woman;
NW = Number of working women;
nw - Number of non-working women;
N = Nw + an ;

H = Value of household services.
(5.3) can bé written as

Y = (I-N*P + H*N(1~P))1 (5.4)
N

where
P = Labour force participation rate for women.
(5.4) can be simplified to
Y = IP + H (1-P) (5.5)

As against (5.5), the average income of a woman
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as used in our calculations. is given by*

Y = IP + H (5.6)

Obviously the difference between (5.5) and (5.6)
is very small, rather negligible, keeping in view that the

values for both P and H are not very high.

(d) Data on Labour Force Participation Rates -- P

.

The basic data on labour force participation rates
for both sexes are presented in Tables 5.5 and 5.6. The
reader will note that these data are for Canada. No time-
series data for 1948-1966 were available for Ontario. Only
for the Census years, i.e., 1951 and 1961 could we find the
data for the latter. A comparison of the regional (in our
case Ontario) and national participation rates by age and
sex in these years revealed that the national rates could be
used as a very good proxy for the Ontario rates. To do this
comparison we drew free-hand curves for the Canadian rates by
age-groupings for each sex separately for 1951 and 1961. 1In

each case it was found that the points indicating the Ontario

*Our formula can be deduced as follows. All the
variables used in it have the same meaning as in equation
(5.3) above.

v =l:(I+H) N, + H-an].l%] (5.7)
= [(I+H) P.N + H(l—P)N] 1% (5.8)
= (I+H)P + H(1-P) (5.9)

I‘P +H (5.10)



TABLE 5.5

PARTICIPATION RATES FOR WOMEN BY AGE,
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CANADA: 1948 - 1966

Ye;r 14%19 20%24 25%34 35%44 45%54 55%64 6§+
1948 33.4 45.5 22.8 16.2 5.0
1949 35.1 46.0 22.9 15.4 4.7
1950 33.0 46.4 24.0 20.5 18.9 13.2 4.2
1951 34.2 46.9 24,0 21.3 20.3 12.7 4.1
1952 33.1 47.1 24.1 22.5 20.6 13.4 3.9
1953 33.1 47.1 23.1 17.3 3.7
1954 33.7 46.7 23.3 18.1 3.8
1955 32,9 46.3 23.8 19.0 4.0
1956 33.9 47.1 24.5 20.8 4.5
1957 33.0 46.5 25,7 22,8 5.1
1958 32,0 47.4 26.2 24.0 5.3
1959 32.1 46.5 27.0 25.1 5.2
1960 32.6 48.0 28.4 26.6 5.6
1961 32.3 48.7 29,1 28.5 5.8
1962 30.9 49.7 29.7 29.4 5.6
1963 29.9 50.2 30.5 30.5 5.9
1964 29.9 51.1 31.7 31.6 6.3
1965 30.2 52.6 32.6 32.9 6.0
1966 31.3 55.7 34.2 33.9 5.9
Sources: (1) For 1953 to 1966 - D.B.S., Seasonally Adjusted Labour

(2)

Force Statistics (Jan.

#71-201, pp. 83-87.

1953-Dec.

1968)

- Catalogue

For 1948 to 1952 - T.M. Brown, Canadian Economic Growth,

A Study Prepared for the Royal Commission on Health
Services (Ottawa: Queen's Printer, 1965), p. 197.



PARTICIPATION RATES FOR MEN BY AGE,

TABLE 5.6
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CANADA: 1948 - 1966

Year 14%19 20%24 25%34 35%44 45%54 55%64 6%+
1948 57.9 92.1 97.9 93.1 44.0
1949 58.1 93.5 97.9 93.0 42.9
1950 55.9 93.0 96.9 98.1 96.0 86.8 40.4
1951 55.3 93.4 97.7 98.2 96.2 86.4 37.9
1952 52.8 92.9 98.8 97.9 95.9 86.5 36.7
1953 51.7 92.9 97.6 91.9 34.7
1954 50.2 92.1 97.3 91.3 33.2
1955 48.6 92.3 97.5 91.7 32.3
1956 48.1 91.7 97.6 92.0 34.0
1957 47.8 91.5 97.7 92.6 34.0
1958 45.5 91.7 97.8 92.4 32.1
1959 43.6 90.0 97.8 92.3 31.0
1960 42.9 91.1 97.8 92.6 30.3
1961 40.2 90.6 97.7 92.1 29.4
1962 39.6 88.7 97.7 91.8 28.5
1963 39.2 88.7 97.7 91.8 26.4
1964 38.4 88.2 97.7 91.8 26.8
1965 38.7 87.6 97.6 91.8 26.3
1966 38.5 87.4 97.6 91.8 26.3
Sources: (1) For 1953 to 1966 - D.B.S., Seasonally Adjusted Labour

(2)

Force Statistics (Jan.

¥71-201, pp. 77-81.

1953-Dec.

1968)

- Catelogue

For 1948 to 1952 - T.M. Brown, Canadian Economic Growth,

A Study Prepared for the Royal Commission on Health
Services (Ottawa: Queen's Printers, 1965), p. 196.
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rates by age were located very near to the curve for Canada.
Hence the national labour force participation rates by age
and sex are used in our calculations. The rates given in
Tables 5.5 and 5.6 are annual averages.

For estimating the labour force participation rates
by single year of age, we drew the free-hand curves for each
year and each sex by imputing the participation rate for each
age-bracket to its mid-point. From these curves then we read
the required estimates.

A curve for any particular year would suggest that
a functional relation existed between-the labour force parti-
cipation rate and age and that a quadratic function should
give a good fit. We, therefore, tried to use the regression
technique to estimate the participation rates by single year
of age. The results were not satisfactory. Probably by
fitting polynomials of degrees higher than two, we might
have got better results. we did not have, however, a suffi-
cient number of observations, and hence sufficient degrees
a freedom, to try these. Hence we decided in favour of the
above graphical method, though it is much more laborious and

time-consuming.

(e) Data on Survival Rates —-- S_ .
7

Survival rates or probabilities are calculated by
using the standard 1ife-table techniques. Probability of a
person of age 'a' years to survive to age n years is defined

in the following way: : .-

s = - Lp (5.11)
a,n T

a
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where
Sa n " Probability of an individual of a years of age
! surviving to age n years
L, = Average number of persons living between age
n and 'n + 1' years, from an original cohort
of 100,000
and
L, = is defined similarly to L/

The L, statistics for each sex are taken from the
life~tables for Ontario. These tables trace the mortality
and hence the survival experience of a cohort. A cohort is
defined as a group of people to whom some event, in our case
the birth and hence the start of life, happens in the same
year. In a life-table it always starts with an initial hypo-
thetical population of 100,000. A life-table is always based
upon the conditions of mortality prevailing in a given year
or a given period of time and hence any particular life-table
does not remain relevant for a long period of time. For the
period covered by our study: 1948-1966, three life-tables
are available for Ontario. They are constructed on the
basis of the mortality conditions prevalent in 1950-52,
1955~-57 and 1960-62.7 For each year, therefore, tﬁe data on
L, are taken from the life-table of such a period as was
nearer to that year and thus was apt to describe the mortality
conditions of that year more accurately than any of the other
available tables. On this basis, we decided to use the
1950~52 1life-table figures in our calculations of Vi for the

years 1948-1953 inclusive. For 1954 to 1958 inclusive, the
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life-table data on Ln were taken from 1955-57 tables and
the 1960-62 table statistics were used for the rest of the

period covered by our study.

We can now report the estimated values of Vh calcu-
lated according to formula (4.3) on page 8l1. But to do so
for all years, ages and by each sex will require a lot of
space. In Table 5.7, we are, therefore, presenting the Vn
values for 1948, 1957 and 1966 by each sex and by some
selected ages. These years are chosen for the sole reason
of their being the first, middle and last year of the period
of our study. These Vn values, as is clear from the table,
are in current dollar terms. Table 5.8 reproduces them in
constant 1949-dollars, i.e., in real terms. The deflator
used for this purpose is the consumer price index.* The time
series data on this index are taken from Statistics Canada

publications,8

B. Reduction in the Number of Tuberculous Deaths --D_,l

After computing Vn for each sex, the only other
data that we need, before we can calculate Bl’ are the reduc-
tions inthe number of tuberculous deaths by age and sex for

each year from 1948 to 1966.

*Tt measures "the percentage change through time in the
cost of purchasing a constant 'basket' of goods and services
representing the consumption of a particular population group
during a given period of time." DBS, The Consumer Price Index:
January 1949-August 1952 (Ottawa: Dominion Bureau of Statis-
tics), p. 10.
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These data were estimated by using the method al-
ready explained (see supra, pp. 77-80). For each sex the
average tuberculous death rate by age (in) referred to there
is the weighted average of age-specific death rates in 1945~
1947. 1In each case the weights used are the age specific
population of Ontario in each of these three years.

The statistics on actual number of deaths by all
forms of tuberculosis by age and sex were taken from the

various issues of the annual Report Relating to the Registra-

tion of Births, Marriages and Deaths in the Province of Onta-

'rio.g The data on population by age and sex were also extracted
from these reports for 1945 to 1951. For 1952 to 1966, the
population figures were taken from the several annual issues

of Statistics Canada publication: Vital Statistics.

C. Estimated Values of Benefits from Reduced Deaths -- B1

We can now use formula (4.1) to calculate B,. We
did, however, make one very minor modification in it. The
data used for each‘sex were for given age—gfoups rather than
for age by single year. The age-groups used were such as
corresponded with those groups for which data on actual tuber-
culous deaths were available and hence for which Dn values
were estimated. Vh values for the corresponding age-groups
were found by attributing to each age-class a value equal to
an average of Vn values for all such ages (by single year of
age) as were covered by that class interval. It may be worth
mentioning here that the number and inter&al of age-groups

for each sex, for which data on actual tuberculous deaths
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are available (and hence for which Dn values are estimated),
change over time. This was one of the reasons that we had
decided to calculate Vo values by single year of age. This
provided us with the flexibility of computing them for any
necessary age-groups. Alternatively, we could have esti-
mated D, figures by single year of age through interpolation
by drawing free-hand curves. But this would have involved
unnecessary calculations on a large scale. Moreover it would
have introduced considerable error in the estimates as the
figures for some class intervals were guite small. We could
not use the regression technique for this purpose because of
the marked angularities in the curves.

The representative results of our calculations are
presented in Table 5.9 for three years: 1948, 1957, and 1966.
For erch year the value of benefits from the reduced number
of tuberculous deaths (Bl) has been discounted to 1948: the

base year for our project.

1.2 Benefits from Reduced Disability -- B,

We now turn our attention to measuring benefits
from reduced morbidity. 1In this field we have to face some
data problems. The record, at times, is sketchy. But, we
think, we have succeeded (and this will become evident to
the reader as he proceeds) in developing good data and thus
in obtaining quite reliable estimates of B,.

To measure B2, it has already been explained, we
will use formula (4.4) as given on page 92. We first des-

cribe the availability and development of data on the various



BENEFITS FROM REDUCED TUBERCULOUS DEATHS DISCOUNTED TO 1948

TABLE 5.9

ONTARIO, 1948, 1957, and 1966.

(Current Dollars)

Year Rates of Discount Used
4% 8% 15%
MALES
1948 5,707,565 3,358,644 1,898,191
1957 26,182,624 11,547,729 3,912,637
1966 32,942,480 10,420,429 2,022,676
FEMALES
1948 1,304,202 796,972 469,912
1957 5,722,917 2,428,451 792,172
1966 9,715,926 2,903,076 531,138
Source: See Text.
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variables given in that formula, and then present the

results of our calculations.

A, " Data on Reduction in Tuberculous Cases -- R,,1

The main data requirement for measuring B, is the
estimates of annual reduction in tuberculous cases (patiehts)
by age and sex for 1948-1966, These estimates were produced

by the method already explained (see supra, pp. 93-97).

(a) Data on Tuberculosis Morbidity

To estimate Rn by age and sex by our method, we
need data on tuberculous morbidity or incidence by age and
sex for the years 1945 to 1966: for 1945 to 1947 to project
the tuberculous cases and for the rest of the period to com-
pute R . We mentioned in Chapter IV (p. 99) that we would
adopt the conventional measure of morbidity and estimate it
by annual first admissions to tuberculosis institutions. Un-
fortunately, such data were not available by'age and sex.

We, therefore, modified the morbidity measure in a small way.
Instead of first admissions, we used the annual data on all

tuberculous admissions to sanatoria in Ontario.* As far as

our project is concerned, this measure of tuberculosis
incidence (or morbidity) is even better than the conventional
one. We are interested in measuring the annual loss to
society in. terms of output foregone because of tuberculosis
morbidity. We should, therefore, take account of all patients
admitted to tuberculosis sanatoria in any given year whether

_they are new cases or reactivated cases, i.e., whether they

*Tt should be pointed...(continued on the following page)
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Continuation of footnote * from page 140

...out that in the late 50's there started a trend towards
treating some tuberculosis patients at home. A chemo-
therapy regimen was prescribed for these patients and

they were expected to follow it. The data on the number
of such patients are not available and, therefore, they
are not dealt with in our study. It could be argued

that this would impart an upward bias to the estimated
benefits of the program. This is because the estimates

of reduced morbidity (projected cases minus actual cases)
will be upward biased as in the base~-line years, used

for projections, almost all patients were being hospita-
lized but in the later years of our study some patients
were being treated outside sanatoria. However, this argu-
ment would have been valid had these out-of-sanatoria-
patients been under treatment but not doing their jobs.
The very fact that they are treated at home shows that
their condition is not serious and most of the time they
are allowed to remain on the job. It is the TCP which

has made this thing possible and, therefore, the earnings
of such people should be counted in estimating the benefits
of the program. Our measure of B2 does this though indi-
rectly. :



141

are first admissions or readmissions.* Moreover, in the
recent publications of the Tuberculosis Prevention Branch,
Ontario Department of Health, morbidity (or incidence) has
been defined in the broader sense so as to include both new
active and reactivated cases.10 It was from this branch, as
indicated below, that we obtained data on tuberculosis mor-
bidity in Ontario for the later part of the period of our
study.

Total tuberculous admissions asreported in the
Statistics Canada reports, "Tuberculosis Institutions in
Canada,"** contain tuberculous first admissions, readmissions,
and "reviews in".*** The patients in the last category will
constitute a double counting and, therefore, should be de-
ducted from our measure of tuberculosis incidence. But it
was not always possible to adjust the data because we could
not get information as to what percentage such patients
formed of the total tuberculous admissions, let alone of
tuberculous admissions by age and sex. Any possible over-
estimate of B, introduced in our calculations as a result of

the inclusion of "reviews in" in our data on tuberculosis

*A readmission is a patient admitted to a tuberculous
institution who had previously been discharged from such an
institution. The reason for readmission is almost always
the reactivation of disease. See DBS, Tuberculous Statistics,
1955 (Ottawa: Dominion Bureau of Statistics), p. 5.

*%*Tn 1953, the title of this publication was changed to
Tuberculosis Statistics. _

x**Review in is defined as a patient who is réadmitted,
but is found to have no active tuberculosis and is, there-
fore, discharged within 30 days.
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morbidity will be of a small order of magnitude. For
example, we estimated that "reviews in" in 1945 to 1947--
the years for which we could prepare some estimates--were
about 1% only of the annual total admissions* to tuberculosis
institutions during those years.ll

The age-sex specific data on tuberculosis incidence,
even for the modified definition (though for our purposes
better than the conventional one) adopted by us, are not
available from Statistics Canada reports for the years 1954
and onwards. For 1960 and 1961, the data are taken from the
respective annual reports of the Tuberculosis Prevention Branch
on the epidemiology of tuberculosis in Ontario. To get data
for other years we approached the Epidemiology Service, Ontario
Department of Health. Dr. M.J. Ashley** of this service
helped us and provided the data for 1962 to 1966 inclusive,
She, however, could not find the required data for 1954-1959
inclusive. |

To develop the data for these years, we considered
using linear interpolation. But when we drew the scatter
diagrams, it became obvious that a linear function would not
give a good fit, nor would a non-linear function for that

matter. And to draw a line by hand would have been highly

*By total admissions we mean a total of both tuberculous
and non-tuberculous admissions to sanatoria. Tuberculous ad-
mission is defined as a patient admitted to a tuberculous in-
stitution, during the current year, who was diagnosed on ad-
mission to have active tuberculosis.

**Dr. Ashley is the Medical Officer in charge of the
Chronic Disease Section of the Epidemiology Service.
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subjective. Fortunately for us, however, for these years,
we could extract statistics on total tuberculosis first ad-
missions and readmissions by sex in Ontario from Statistics
Canada‘publications.lg To find their age~distribution, we
made the assumption that for these years the age-structure

of tuberculosis cases (first admissions plus readmissions)

in Ontario was the same as it was for the whole of Canada.

(b) Some Negative Values of Reduced Morbidity

Estimated Rn values for some age-groups for some
the actual tuberculosis cases were more than the projected
ones. These results are not perverse, though they may appear
to be so. On the contrary, they conform to the historical
realities of tuberculosis morbidity with respect to age. It
is a well known and a very well documented fact that in
Ontario and for that matter in almost all advanced parts of
the world tuberculosis incidence has been undergoing a marked
shift towards older age groups.13 It is our contention that
it is this shift-phenomenon in tuberculosis morbidity which
is responsible for these negative statistics on Rn'

Projections, we may repeat, were done by using a
constant incidence rate for each age-group and sex. In each
case it was given by a weighted average of the appropriate
rates for a period of three years: 1945 to 1947. The weights
used were the population of Ontario for each sex and the
appropriate age~group in each of the three years. The rates

of incidence during these years for older ages must have been
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lower, because of the shift~phenomenon, than fhe rates
obtained during later years and hence the actual tuberculous
cases in these age—groups were more than the projected.

This in turn resulted in negative figures for R . Even if
the rates were higher during 1945 to 1947, they must not

have been so much higher, because of the shift in the disease
to older ages, as to make the projected cases more than the
actual.

Tf our hypothesis explaining the negative statistics
on R is right then with the temporal shift of tuberculosis
incidence to older and older age-groups, the R, figures (nega-
tive) must also move accordingly. This is exactly how the
Rn values behave. Take, for example, these figures for males.
To begin with, we find that they are negative for ages 35
and older. By 1952, values for age—group 35 to 44 years
become positive though they remain negative for ages 45 and
older. TIn 1954, values for age-group 45 to 54 also become
positive and the negative values shift to ages 55 years and
more. In 1960, negative values are obtained only for ages
70 years and older. They remain confined to this group for
the rest of the pariod of our study. A similar movement of
negative R statistics towards older age-groups Over the
entire period of our project was also evident in the case
of incidence of tuberculosis among females.

The pertinent question, however, is why this in-

creased morbidity (representing both new active and reacti-
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vated cases* of tuberculosis) in older age-groups? It cannot
possibly be explained by relapses (i.e., reactivated cases).
We do not have much detailed information on reactivations in
Ontario. But whatever evidence is available suggests that
relapses as a proportion of total active cases found in a
year have been on the decline. It has been estimated that

in Ontario reactivations formed about thirty-three per cent
of the total active cases in the pre-chemotherapy years.

This figure decreased to about twenty per cent in 1955 and
remained constant at the level up to 1963. Since then it

has been falling again at a small but steady rate.14 It can
be argued that the reactivation rate may increase with age
and hence may contribute to an increased number of active cases
in older age-~groups. But it does not seem to be a valid
argument, The probability of relapse, we believe, should be
affected by the adequacy of treatment during the previous
active episode and not by the age of a patient. Statistics
on relapse-probabilities strongly suggest that our hypothesis
is correct., It has been estimated that in Ontario, the annual
risk of reactivation in persons with previous history of
active tuberculosis is 1:90 if they had inadequate drug
treatment. This risk declines drastically to 1:769 if the
treatment was adequate..]'.5 We;~therefore, come to the con-

clusion that increased morbidity of tuberculosis among the

*The reactivated cases are defined as those cases which
are known to have had a previous history of active tuberculo-
sis. These cases, therefore, arise from a stock of cured
cases present in a country.
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older ages can only be explained by the increased incidence
of new cases among these ‘ages.

New cases (or first-time cases as copposed to re-
lapses) must come from the infected* population in the
country. Tuberculosis is an infectious disease but the in-
fection in itself is benign, i.e., only a part of the infected
population develops the disease or in other words infection
does not necessarily lead to the development of the disease.
The infected part of the population in a country can be
divided into two groups: (1) recently infected and (2) with
infection of long standing. |

Tt was widely believed at one time that most of
the new cases generally arose from recent infections. People

infected with tubercle baccillus (a bacterium that is the

cause of tuberculosis) for a long time were supposed to
acquire resistence to the disease and thus the healthy tuber-
culin reactoré (for whom the tuberculin test is positive)
were believed not to be the major source of new cases. But
the recent studies have shown that this is not correct. 1In
fact it is these people who are the main source of new cases
in countries with advanced tuberculosis control programs. In
countries like the U.S.A. and Denmark as much as about three-
guarters of the new cases arise from recrudescence of old
infections.16 The prevalent medical opinion on the subject

‘has best been summarized by Feldmann, medical director of

*For the definition of tuberculosis infection see supra,
p. 80, n.
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the U.S. National Tuberculosis Association. In explaining

the morbidity of tuberculosis in the Unites States in 1952,

he made the following observations:17
...the seemingly paradoxical present-day peak of
morbidity in late life does not represent an increasing
risk with age but is a reflection of a higher preva-
lence of infection which in turn is the residual of
higher rates in earlier times...since decreasing in-
fection rates are mirrored in morbidity rates many
years later in life, it is difficult to escape the
conclusion that endogenous or old infections must be
the major sourece of new active cases.

In addition to this generally accepted source of
new cases, we should note two more equally important findings
reported in the medical literature on tuberculosis. First,
it has been found that the infection rates in countries with
advanced tuberculosis control programs have been falling and
have reached guite a low level.18 Second, this steady fall
in infection rates can be directly attributed to a large
extent to the intensification of control programs (case
finding, isolation and treatment of active cases of the dis-~-
ease) in these countries. 19

. Putting all the above facts together, we are justi-
fied in concluding that the negative statistics on Rn, which
steadily shifted to older age groups during the period under
study, resulted from an absence of an intensified and extended
TCP in Ontario in pre-1948 years. Had there been as intensive
and effective a program as has been in operation since 1948,
the risk of catching tuberculous infection would have been

less than it actually was. This would have reduced the

number of people who became infected and later in their old
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age became a major source of new tuberculous cases in Ontario.
This in turn would have decrea;;éuéhe number of cases detected
in these age groups in the post-1948 era when the efforts at
case finding and treatment were very much intensified under
the new extended TCP in Ontario. Actual cases in these age-
groups would have been less then the projected and Rn would
have had positive wvalues.

In other words we can say that the negative values
for Rn result from (1) the persistence of infections acquired
in the past; (2) better methods of diagnosis, detection and
treatment; (3) increased facilities for their use provided
by the "Extended Tuberculosis Control Program" and (4) the
control of new infections under the new program. These nega-
tive statistics, therefore, are an indication of the success
of the TCP in Ontario since 1948. These figures should not
be allowed to affect negatively the estimated value of the
benefits of the program. However, to replace these negative
data by some positive numbers will be highly arbitrary. We
decided to substitute zero for each negative value of Rn'
This is the most conservative estimate and will introduce a
downward bias in our calculations of the benefits of the
program. But this is the approach, as mentioned earlier
(see supra, p. 75) , that has been followed throughout

this study.

B. Other Data

The only other data that we need now in order to

calculate B, are on Y, (average annual earnings by age) and
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H (average period of disability). The statistics on the
former are the same as used for calculating the discounted
value of life<time earnings of a person. For the latter, as
already mentioned (see supra, Pp. 99), we use the figures on
mean hospital stay of tuberculous patients in Ontario. These
are taken from the Statistics Canada report.20 One point
which we might mention here is that in 1966, Statistics
Canada substantially changed the format and the contents of
its report on tuberculosis statistics. It stopped publishing
data on mean hospital stay of patients in Canada and pro-
vinces. We, therefore, assumed that the mean length of stay
in 1966 was the same as in 1965 and this, we believe, is

guite a reasonable assumption.

C. ' Estimated Values of Benefits from Reduced Morbidity -- B,

We could now use formula (4.4) to calculate B,.
Again, as in estimating Bl’ we used the data for each sex
for given age-groups rather than for age by single year.
The groups used were 15-24, 25-34, 35-44, 45~54, 55-69 and
70 or more years. They were decided largely on the basis
of the age-groups for which the statistics on tuberculous
patients were available and on the assumption that people of
ages less than fifteen years generally are not in the labour
force and, Lherefore, have no earnings.

The results of our calculations are reported in

Table 5.10 for three representative years: 1948, 1957 and

1966.



BENEFITS FROM REDUCED TUBERCULOSIS MORBIDITY DISCOUNTED TO 1948

TABLE 5.10

ONTARIO, 1948, 1957, and 1966.

(Current Dollars)

Rates of Discount Used

Year
4% 8% 15%

MALES
1948 65,978 65,978 65,978
1957 1,930,641 1,374,636 781,127
1966 2,925,806 1,483,262 478,945

FEMALES
1948 5,180 5,180 5,180
1957 1,025,622 730,254 414,961
1966 1,552,376 786,991 254,119

Source: See Text.
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1.3 Total Benefits of the Program

Total benefits of the TCP in Ontario from 1948 to
1966 are given simply by the summation of By and B, Esti-
mates of these total benefits for each year have been pre-
sented in Table 5.11.* Table 5.12 reproduces the same re-
sults in real terms. For converting the current dollar
values into real terms the same time series of consumer
price index was used as for calculating the discounted life-
time earnings. These results very clearly show that the
value of total benefits decreases very sharply as the discount
rate used increases. Total benefits in real terms are about
$489 million when the rate of interest used for discounting
is four per cent. As the rate is raised to eight per cent,
the value of benefits falls to about $217 million. It declines

still further to about $80 million when the discount rate is

increased to fifteen per cent.

2. Costs of the Program

Our efforts should now be devoted to calculating
the marginal costs** of the tuberculosis control program (TCP)
in Ontario from 1948 to 1966. There are no doubt some data
problems to be faced. But it will become clear to the rea-
der as he moves on that we are able to produce a reliable
time series of the estimated costs of the TCP in Ontario.

Other estimates have been produced in the past. for 1948 and

*Tt could be argued...(continued on the following page)
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Continuation of footnote * from page 151

.. -that our use of average earnings in estimating the bene-
fits from reduced mortality and morbidity would bias our
results upwards. This is because tuberculosis generally
may have higher mortality and incidence rates among such
people as belong to the lower stratum of society and hence
have less than average earnings. Their earnings in all
probability will be nearer to the first quartile of the
income distribution. There seems to be some merit in this
argument. But given the present state of data availability,
there does not seem to be any way to take account of this
social aspect of the disease.

**For the definition of marginal costs, see supra, p. 9.
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1952.21

Our estimates, however, are more comprehensive and
cover the entire period 1948-1966 (see infra, pp. 163-166).
Marginal costs of the program are determined by
using formula (4.6). For this purpose we have to first
prepare the estimates of the total costs for each year from
1945 to 1966: for 1945-1947 to project the total costs in

the absence of the program and for the rest of the period

to calculate marginal costs of the project.

2.1 " Total Costs of the Program

The total costs of the TCP refer to all the costs
in Ontario of case finding, providing treatment and care for
patients and doing research on the use of chemotherapy.*
Their estimates, as mentioned earlier, are obtained bf'
summing the costs incurred by all the agencies, institutes
and organizations involved in the program (see supra, p. 101).
There is the problem of fund-transfers among the various

agencies and every effort is made to avoid double counting.

A. Public Sanatoria Costs

The public sanatoria** in Ontario, as distinct
from the federal sanatoria, were the main institutions pro-

viding treatment to tuberculous patients during the period

*There were no costs incurred on the discovery of "wonder
drugs". They were discovered abroad.

**Sanatoria in Ontario are operated by voluntary inde-
pendent boards. In all the cases, however, various levels
of government, especially the provincial, provide by far the
largest part of their finances.
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of our study. Costs incurred for their maintenance and
operations constituted the largest part of the total costs
of the TCP. Statistics Canada published figures on their
annual expenditures.22 These expenses cover the gross
salaries and wages earned by the sanatoria personnel, wvalue
of contributed services rendered by staff members working
without pay, monies spent on drugs, medical and surgical
supplies, etc.

Funds to finance the Sanatoria operations come from
several sources. Statistics Canada provides information on
these sources and their contributions to sanatoria revenues.23
More than four-fifths of these revenues come from the govern-
ment sources: federal, provincial and municipal. The most
important single source is the provincial government which
gives them annual grants according to the services rendered.
The federal government also pays them for the care of native
Indians and Veterans admitted to these institutions.* Simi-
larly payménts are made by the Workmen's Compensation Board
for the treatment of its wards. The other sources. of revenue
are donations and bequests, income from investments and con-
tributed services, and other miscellaneous sources like

patient-fees,**

*The federal government also operates its own sanatoria
and tuberculosis units in general hospitals. To the calcula-
tions of their expenditures, we will come later.

**The Ontario government pays. for most of the sanatorium
expénses. There is no means test but the patients who can
afford may pay if they so desire. 1In 1953, the fees from
paying patients met only about 5% of the total sanatorium
expenditures in Ontario.



156

B. Estimated Costs of Federal Sanatoria and

T Tuberculosis Unilts

The federal governemnt, in addition to making pay-
ments to sanatoria for the services rendered to such patients
as are the responsibility of‘the Departments of Veterans
Affairs and National Health and Welfare, also maintains its
own sanatoria and tuberculosis units to give treatment
facilities to its wards. Consequently,the expenses reported
by the public sanatoria do not cover the total costs of tuber-
culosis treatment in Ontario. This fact is well reCOgnized.24
At the same time it is also recognized that it is not possible
to have informatioh on the expenses of tuberculosis units¥*
and the federal government sanatoria.25

But to ignore these costs will be to under-estimate
the total costs of the TCP. We devised a method to calculate
them. Annual data on "patient days"** of care given by these
institutions could be gleaned from Statistics Canada's reports
on Tuberculosis Statistics. These reports also published
figures for each province on the average cost per patient day
in tuberculosis sanatoria. Assuming that the cost of serving
a tuberculosis patient in a federal institution is the same
as in a public sanatorium we estimated the expenses of the

federal institutions by multiplying the annual data on "pat-

*A tuberculosis unit is a tuberculosis section of a
larger hospital. Unlike a sanatorium, it does not maintain
its own personnel and financial accounts. They are amalga-
mated with the accounts for the hospital as a whole.

**They are defined as the total days of care given to in-
patients.




ient days" and the "average cost per patient day." After we
had calculated the annual costs of tuberculosis treatment
provided by thése institutions, we found that in 1946 Statis-
tics Canada had also used this method to prepare estimates
of the total costs of maintaining tuberculous patients in

" the federal hospitals.26

C. Estimated Costs of Tuberculosis Treatment in
Mental Hospitals

We used this method for calculating the costs of
tuberculosis treatment in mental hospitals in Ontario. But
we could do so only for six years: 1961 to 1966. For the
rest of the years, the data on the number of total "patient
-days" of care devoted to treat tuberculosis found in the
patients in mental institutions were not available., We con- -
sidered estimating these figures (for 1948 to 1960) by fitting
a trend line through the data for 1961 to 1966. But unfor-
tunately there is no discernible trend. Figures on "patient
days" in these years fluctuate too much. For example, the
number of "patient days" reported for 1962 are 45,044. 1In
1964 they decline to 39,200, rise again to 50,143 in 1965 and
£all again to 42,452 in 1966.27 '

To include the cost estimates only for 1961-1966
will create an upward bias in the estimated marginal costs
of the TCP. But then, as mentioned earlier (see supra, P. 75)
we have decided to opt for the upward biased cost estimates

wherever a choice has to be made.

157
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D. ' Expenses of the Division of Tuberculosis Prevention

As mentioned earlier (see supra, p. l4), the pro-
'vince administers the TCP in Ontario through its Division of
Tuberculosis Prevention, Ontario Department of Health. The
Division looks after all the aspects of the TCP: prevention,
treatment and rehabilitation. Expenses incurred by the Divi-
sion cover a wide variety of services provided to tuberculous
patients like X-ray examinations and supply of free tuberculin
to clinics, etc. The data on the annual expenses of the
Division are taken from the yearly reports on the public

accounts of Ontario.28

The expenses reported by the Division include grants
given to the sanatoria in the province (1) to pay for the
maintenance of patients; and (2) to partially cover the build-
ing costs of sanatoria. These grants are deducted from the
annual expenses of the Division and only the rééidual is
taken into account. To do otherwise will lead to double
counting. The grants paid for the maintenance of the patients
are already included in the expenditures of the sanatoria and
the building grants are treated below as a separate category.

It has been previously pointed out that since 1960
rehabilitation is being looked after by a different Division
(see supra, p. 14, n). But no information is available on
the expenditure incurred by this new branch on the rehabili-
tation of tuberculous patients. So we have to ignore this
cost if there was any. Even if the information were availa-

ble, these expenses should be ignored. Rehabilitation is
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for cured patients and, therefore, related to debility
benefits. We can not measure these benefits (see supra,
pp. 99-101). On the cost side also, therefore, costs in-
curred on rehabilitation should not be counted. Modern
treatment of tuberculosis has made special measures for
rehabilitation unnecessary..29 Now even the Army and Navy
of the United States (their work is obviously hard) return

men to full duty after treatment for tuberculosis.30

E. Building Grants to Sanatoria

No information is available regarding the construc-
tion costs of the sanatoria. The sanatoria expenses noted
above are only the expenditures for the operation and main-
tenance of the sanatoria. They do not include the construc-
tion costs or other capital costs. But the data are available
on the amount of grants given to the sanatoria to assist them
in this respect. The building grants are given by both the
provincial and the federal governments. The monies granted
by the provincial government are reportea in the expenses of
the Tuberculosis Prevention Division. The federal government
grants are provided under its "Hospital Construction Grants
Program" started in 1948. They are reported in the annual
expenditure statement of the Ontario Department of Health:
Federal Health Grants Operating Fund.3l

These figures, it may be noted, are not the amounts
granted but the amounts actually spent under the building
grant programs. These grants helped extend the sanatoria

facilities available to tuberculous patients. As the exten-
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sion of such facilities was an integral part of the "Extended
TCP" in Ontario since 1948, we decided to include these ex-
penses in calculating the total costs of the TCP. It may be
noted that these construction costs should yield benefits
long after the terminal year of the project under study, i.e.
1966; however, we ignore them because we cannot measure them.
Ignoring them is in keeping with our "conservative" philoso-
phy: by now referred to several times and thus a familiar
one. We cannot leave construction costs out of our calcula-
tions of the total costs of the TCP because these resource

inputs do yield benefits within our project period also.

F. National Health Grants

As mentioned earlier, the federal governmeht intro-
duced the National Health Grants Program in 1948. Under this
program the federal government provides grants to the pro-
vinces to help them fight tuberculosis. These grants were
mainly used for diagnostic and case-finding activities. They
were used to provide maintenance funds and equipment for
mobile and stationary diagnostic clinics and mass X-ray units.
Research in the preventive and therapeutic technigues was
also encouraged under this program.

Two activities which these grants helped finance
deserve special consideration. A small part of these annual
grants was given to the sanatoria in the province to pay for
the installation of new eguipment and the increase in their
staff. The former type of expenditure is a capital cost and,

therefore, is not included in the above noted expenses of the
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sanatoria. But the latter constitutes an operating cost and
is included in the sanatoria accounts. To avoid double
counting, it should be deducted from the sanatoria expenses.
In the absence of any informaticn regarding the proportion of
the federal grants exclusively used for this purpose, we are
forced not to make any adjustments. This will give an upward
‘bias to the estimated marginal costs of the TCP.

As mentioned earlier in Chapter I (pp. 17 and 19),
a part of the federal grant money was used to provide drugs
free to the patients and, therefore, must have been reported
in the sanatoria accounts. To avoid doubie counting the
following procedure is adopted.

The sanatoria expenditure accounts give information
on the annual expenses incurred on drugs for the years 1960
to 1966 inclusive. These amounts are subtracted from the
federal grants expenditure. For the rest of the years, 1948
to 1959, it is assumed that 22.9% of the grants were spent on
the supply of drugs and the corresponding adjustments in the
grant monies spent under the program are made. This percen-
tage 1is an average of the proportions of grants spent on

32

drugs in 1948 to 1953 inclusive. It was estimated by the

National Department of Health and Welfare.
The data on the amounts of grant spent are taken

from the annual reports of the Public Accounts of Ontario.33

. G. Expenditures by Voluntary Agencies

Work of almost all the voluntary agencies in the

field of tuberculosis control is coordinated by the Ontario
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Tuberculosis Association.* = There are county and district
branches of the Association. The main work of the Association
is concentrated in the érevention and diagnostic areas. In
these areas it supplements the work of the Tuberculosis Pre-
vention Division. It conducts mass surveys and operates
mobile and permanent chest clinics. It sends educational
material to the public and takes interest in social welfare.
However, the major thrust of its activifies is in the case-
finding field. The funds to finance its activities are

raised from the annual Christmas Seal Campaign. The campaign

is run separately by each branch which is also autonomous in
the allocation of funds for local use. The returns, however,
are reported to the head office which coérdinates the branches'
work. Besides this, the Association, since its inception,
has been receiving an annual grant of $5,000 from the Ontario
Department of Health;. Statistics on the gross Christmas Seal
Campaign returns were kindly provided by (Mrs.) N. Lytle, the
Office Manager of the Association.34

The returns from the campaign crossed the million
dollar mark in 1955 and since then have remained above it.
It is assumed that the total funds thus collected and the
grant provided by the provincial government are spent on the
Association's program and related activities.

We did, however, have to make one adjustment. Some

*The Association was formed in 1945. Recently its name
has been changed to Ontario Tuberculosis and Respiratory Dis-
ease Association: OTRDA. Its head office is located in
Toronto.
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of the sanatoria have their own mobile equipment and conduct
surveys in the areas they serve. The local associations connec-—
ted with these sanatoria have their own campaigns and the
monies thus raised are reported in the sanatoria accounts as
well as in the figures supplied to us by the Ontario Tubercu-
losis Association. The latter figures, therefore, are adjusted
for such amounts. For most of the years, statistics on them
are available from the sanatoria accounts. For the rest of

the years, they are estimated. For the years for which the
data are available, they form an almost stable proportion of
the annual revenues of the sanatoria. From 1953 to 1963, a
continuous span of time for which the figures are available,
they constituted on average 1.6% of the total sanatoria

revenue.35 This relationship is assumed for other years also.

Summation of the annual costs incurred bylthe above
agencies and institutions gives the estimated yearly total

costs of the program. They are presented in Table 5.13.

2.2 Comparison With Other Estimates

The only other estimates of the total costs of the
TCP, as far as we know, were prepared by Dr. G.C. Brink for

the years 1948 and 1952.3°

For 1948, he estimated the total
costs by calculating the costs of the sanatoria, clinics,
post sanatorium care and the federal tuberculosis control pro-

jects, etc. For 1952, the estimates were derived by summing

the costs incurred by the provincial government and other
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agencies. Under the heading "provincial government" he
counted the treatment costs, capital grants to sanatoria and
the expenses of the Division of Tuberculosis Prevention and
some other types of expenses met by the government. Under
"Other Agencies" were included the federal capital grants to
sanatoria, federal health grants utilized and the voluntary
Christmas seal contributions, etc. He arrived at the figures
of $7,230,000 and $11,716,218 for 1948 and 1952 respectively.
Our corresponding estimates are $8,274,640 and $11,307,397.

Brink did not give any information on the sources
of his data or the methods of his calculations. He made no
attempt to estimate the costs of treatment in the federal
tuberculosis institutions. He does not explain whether any
efforts were made to avoid double counting. Another important
point to be considered is that his estimates include expenses
made to pay "Mothers' Allowance".* In addition to this, the
1952 estimate counts the compensation for tuberculosis paid
to hospital employeés.**

Expenditures on these items are transfer payments

and should not be counted in the social costs of the

*Under the Mothers' Allowance Act in Ontario, a mother
gets allowance to support herself and her dependent children
if her husband is in a sanatorium. The Act is administered
by the Minister of Public Welfare. There is a means test.

**Tn 1950, tuberculosis was made a compensable disease
for all employees of hospitals and sanatoria (see supra, p. 16).
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program.¥* .
If we subtract these expenditures from Brink's
estimates, we are left with $6,830,000 and $11,195,572 as

the costs of the TCP in 1948 and 1952 respectively.

2.3 Real Total Costs

Estimated total costs of the TCP for each-&éar
from 1948 to 1966 were changed into constant 1949 dollars.
To do so the implicit price index- for personal expenditure
on consumer goods and services was used. The time series
data on this index were taken from gtatistics Canada publica-
tions.38 The indexes for 1957 to 1966 inclusive were con- |

39

verted from 1957-base to 1949-base. The resultant figures

of the real total costs of the TCP appear in Table 5.14.

TABLE 5.14

TOTAL COSTS OF THE TUBERCULOSIS CONTROL PROGRAM
ONTARIO, 1948-1966.
(1949 Dollars in Thousands)

Year Total Cost Year Total Cost
1948 8,605.6 1958 9,317.9
1949 8,974.4 1959 9,031.7
1950 9,138.6 1960 8,636.2
1951 9,492.2 1961 8,652.9
1952 9,611.3 1962 8,470.2
1953 9,695.2 1963 8,965.4
1954 9,801.5 1964 7,865.5
1955 9,682.7 1965 7,769.6
1956 9,557.4 1966 7,378.8
1957 9,456.8

*7o the extent that these costs are payments for loss of
earnings, they are already counted in the benefit side of the
program. A part of the "compensation payments" to hospital
employees covers the treatment expenses. It is already included
in the sanatoria expenses.



2.4 Marginal Costs

To estimate the marginal costs of the TCP, as
defined in Chapter IV, we need the projected total costs of
the program that would have been incurred in the absence of
the "Accelerated Tuberculosis Control Program". As already
explained, two sets of the projected costs were estimated
(see supra, PPpP. 102-103). One was computed by assuming that
the total expenditure on tuberculosis in Ontario would have
remained at the average level obtained in the last three
years before the npwtended Control Program" was launched,

i.e., 1945 to 1947. The other was calculated on the assump-

+ion that not the total expenditure but the average per capita

expenditure would have remained constant at the average level
reached in these three years. Marginal cost estimates based
on each of these assumptions are referred to as Set A and

Set B costs respectively. Their yearly values, discounted

to 1948, are presented in Table 5.15.

Set B calculations produce negative marginal costs
from 1959 onwards. This indicates that the program has been
guite valuable in controlling tuberculosis. We no longer
have to spend extra resources. From then on the reduced
costs of the program are really the benefits. But we leave
them on the cost side as negative costs. This is done in
order to compare our results with those achieved when the

'set A' cost projections are used. *

*The NPV (B-C) of the project, a criterion of project

selection favoured in this study. will not be affected whether

these negative marginal costs are left on the cost side or

are transferred to the benefit side as positive benefits (cf.,

Ch. III).
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3. The Final Results

We favour the net present value criterion of pro-
ject selection but we have calculated the results by using
the other two criteria too, namely the benefit-cost ratio
and the rate of return. In each case the results leave us
in no doubt that expenditure on the TCP in Ontario from 1948

to 1966 has been beneficial to society.

3.1 Net Present Value

The net present value of the project is positive
even at 15% rate of discount. Moreover, it remains so even
after the benefits have been adjusted downwards to take
account of the improved (medical) technology resulting from
the discovery of "wonder drugs".* The results are presented
in Table 5.16.

The reader may note that 'Set B' costs increase as
the discount rate rises. This may seem to be unwarranted,
but it is because of the fact, already mentioned, that in this

case marginal costs after 1959 become negative.

3.2 Benefit-Cost Ratio

We can calculate the benefit-cost ratios of the
project by using the data on the benefits and costs of the
TCP given in columns 2, 3 and 4 of Table 5.16. The results
are presented below in Table 5.17. ItAreports the benefit-

cost ratios for two alternative estimates of the marginal

*The rationale for and the method of this adjustment
have been discussed in Chapter IV (pp. 107-<112).
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costs of the project. It is clear that in each case the
benefit-cost ratios for the project are greater than unity
even when the benefits of the project have been adjusted

downwards to allow for the beneficial effects of chemotherapy.

TABLE 5.17

BENEFIT-COST RATIOS OF THE PROJECT

Discount Benefit-Cost Ratios With
Rate . .
Set A Marginal Set B Marginal
(Percent) Costs Costs
4 13.31 52.11
8 7.61 21.98
15 3.99 7.84
. After Allowing for the Beneficial
Effects of "Wonder Drugs"
4 4.79 18.74
8 2.80 8.08
15 1.54 3.03

3.3 ' Internal Rate of Return

A time series of the marginal benefits and two
series of marginal costs, corresponding to.Sets A and B of
the discounted marginal costs (in tables 5.16 and 5.17),
were prepared to calculate the rates of return on the project.

It should be pointed out that our rates of return
estimates are not strictly internal rates of return. In cal-
culating the benefits of the TCP, we have used the discounted
values of life-time earnings. These values were calculated

by using 4, 8 and 15 per cent discount rates.
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We know of at least one study in the health field
which calculates the rates of return that are conceptually
equivalent to the rates estimated by us.40 It was largely
to satisfy our curiosity and to compare approximately our
rates with the rates obtained in that study that we decided
to produce cur estimated rates of return.*

These rates are deteimined only in one case: when
(1) the benefits of the TCP have been adjusted downwards to
take account of improved medical technology resulting from the
discovery and use of antibiotics and (2) in calculating the
benefits from reduced mortality, the life-time earnings of a
person have been discounted at 15 per cent. The rates are
very high. Their values are 62.3 per cent and 204.3 per cent
for the marginal cost estimates of the project giveh by Set A
and Set B respectively. 1In all other cases the rates of re-
turn are indeterminate because in these cases the benefits of
the project are greater than its costs for each year:of its
life. It is clear from equation (3.6) in Chapter III that
under such circumstances there cannot be any real root which
will solve it. Howsoever high a discount rate we may use we
will always be left Qith one positive value, the undiscounted
value of (B-C) for 1948. 1In other words, there will be no

real rate of return.

*Tn his study, Weisbrod computes rates of return on
polio research under several alternative sets of assumptions
regarging costs and benefits. He concludes that the most
likely rate of return would be about 11 to 12 per cent.
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This is not something very unusual. We have already
discussed such a possibility (see supra, pp. 65-66). As a
matter of fact it is one of the main shortcomings, which has
been well recognized in the literature, of the rate of return
criterion that it may not always be possible to calculate such
a rate.

The reason for this indeterminacy of the rate of
return is the time profile of costs (including the capital
costs). There is no lump sum investment at any stage of the
project. The costs are well distributed over its entire life
span. It is not a conventional investment project.*. It has
been well brought out in the literature that it is only in the
case of conventional investments that we have a unique rate
of return (see supra, p. 66). In all other cases we may get
multiple rates or the rate may even be indeterminate.

We could assume that in 1948, when the "Extended
Control Program" was launched there were no marginal (incre-
mental) benefits. They started flowing in 1949 and the bene-
fits in 1949 and the later years were attributable predomi-
nantly to increased investment in the current year but also’
to additional investment in the past under the new program.

If we make these assumptions the first term in
equation (3.6) in Chapter III will be a negative one and we
may get a real root(s) for this equation.

Tt should be pointed out that these assumptions are

*Conventional investment is defined as that investment
which has one or more periods of net outlays followed by one
or more periods of proceeds.
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very restrictive. Firstly, there is evidence to show that

the benefits started flowing as soon as the new program with
the chemotherapeutic treatment was started.41 Secondly, these
assumptions force us to make the already conservative benefit
estimates more conservative. On the basis of these assump-
tions, expenses in say 1958 (or any other year for that
matter) will yield benefits long after 1966, the terminal

year for our study. To be exact, we should count them on

the benefit side of the program. But wé can not measure them
and, therefore, we have to leave them uncounted.

These assumptions, however, give real values for
rates of return in all the cases. They are reported in Table
5.18. As expected, they are extremely high. Even the lowest
rate is 35.0%. The NPV (B-C) and B/C values on the basis of
these assumptions remain very high and are reduced only
marginally.

Our research has shown that the investment of extra
resources in the "Extended Tuberculosis Control Program" in
Ontario from 1948 to 1966 has been quite beneficial to society.
Even when we do not count the incalculable gains made in
human happiness and welfare and consider only the economic
benefits achieved, the program turns out to be a profitable

use of resources.
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APPENDIX A

SOCIAL DISCOUNT RATE

What social discount rate (SDR) should be used in
discounting the benefits and costs of a program to their
present value is one of the most contentious issues among pro-
fessional economists. The voluminous literature existing on
it and its growing size bears ample testimony to this state-
ment.l The main reason for this controversy is that the
choice of a discount rate for government projects has a signi~
ficant bearing on a number of important questions of public
interest.2
1. How much should be the total investment, both public and
private, in the economy?

2. How should this total investment be dividied between the
public and private sectors?

3. Given the level of public investment how should it be
allocated among different projects.*

The whole controversy about the proper SDR can be

viewed at two different levels: (1) conceptual; and (2) em-

pirical.

At the conceptual level, the controversy is about

*As far as issue no. 3 is concerned, it can be considered
at several levels of disaggregation. For example, we can study
how the total public investment should be divided among differ-
ent activities, say education and health or given the total in-
vestment for health services, how should it be distributed among
different health projects. As far as the second type of ques-
tion is concerned, we have already discussed it in some detail
in Chapter III.
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what the SDR should reflect; more specifically should it
represent society's (or Social) time preference (STP) or the
social opportunity cost of éapital (80C) used in the public
project? At the empirical level, the controversy is about
the proper magnitude (or size) of the SDR, whatever it may

depict.

1. Controversy at the Conceptual Level

Taking first the conceptual aspect of the contro-
versy, it will be useful to begin with the definitions of the
two concepts involved in it. Social time preferehce (STP)
expresses the society's marginal rate of substitution as
consumers between consumption now and consumption in future.3
And the social opportunity cost of capital (SOC) can be defined
as the value to society of the production (or consumption)
which the capitil used in the project would have generated in

the next best use had it been put there.4

1.1 Market Rate of Interest

To put the whole controversy (about what the SDR
should represent) in the right perspective, it will be very
helpful to understand the market solution of this problem.
Take an economy working under perfect competition with all
its attendant assumptions of a perfect capital market, no
restrictions on entry to or exit from any type of business,
perfect mobility of factors of production, perfect knowledge,
no externalities and so on. 1In such a situation, the rates

of return on all alternative investments of comparable risk
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will be equal, at least at the margin. Moreover, because
every individual will have unrestricted access to the capital
market, he will adjust his consumption policy (or the distri-
bution of his current income between consumption and saving)
through borrowing and lending in such a way that his subjec-
tive (or private) rate of time preference* will be equal to
the common rate of return on private investment. It will

also be equal to the social time preference rate, if an over-—
all optimality in the allocation of resources is to be achieved.
The market rate of interest, under such circumstances, becomes
a rate which reflects the opportunity cost of capital (in the
sense of marginal productivity of capital in the private
sector) and the STP and, therefore, should be used for calcu-
lating the NPV or B/C of social projects.

The market, however, does not have one common rate
of interest. There prevails, at any time, a spectrum of rates
of interest. Which one is to be selected? This phenomenon
of multiplicity of market rates of interest can be explained
by arguing that the different rates in the market reflect the
differences in riskiness of the investments. The pure rates
of interest (i.e., the rate of return on private investment
corrected for risk) are really the same. This pure rate of
interest is commonly taken to be the rate offered on govern-

ment bonds of long maturity. But even within the broad con-

*Subjective time preference measures an individual's mar-
ginal rate of substitution as a consumer between consumption
now and consumption in future. It is expressed freely by him
in the capital market through his consumption and saving be-
haviour.
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text of long-term, the bonds will differ with respect to
their maturity and hence with respect to the rates offered

on them. It is, therefore, suggested that the market rate
of interest will be represented by an average of long-term
government bond rates and it is this average rate which
should be used for discounting the benefits and costs of pub-
iic projects.

This conventional view about the proper SDR still
has its adherents, especially in government circles. For ex-
ample, the U.S. Senate Document 97, providing congressional
guidance on discount rates under certain circumstances, states
that the discount rates "shall be based upon the average rate
of interest payable by the Treasury on interest~bearing
marketable securities of the United States outstanding at
the end of the fiscal year preceding such computation which,
upon original issue, had terms to maturity of 15 years or
more."5 On the basis of this formula the rate provided by
the Treasury Department of the U.S., for use in evaluating
public projects, in the early sixties was 3 1/8 pexr cent.6
This procedure of calculating the long-run bond rate of
return was criticized by the Treasury Department itself. The
Treasury had not been consulted while the above formula was
addpfed. Douglas Dillon, the then secretary of the Treasury
had the following to say on the proper SDR:

In this Department's judgement the interest rate most
appropriate for both cost-benefit analysis and the
determination of reimbursement and cost saving arrange~

ments should reflect the Government's current borrowing
costs and, therefore, should be determined on the basis
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of current market yields on outstanding long-term
Treasury obligations. At the present time, the

market yield_on long-term obligations is close to
4% per cent. : -

Though the rate calculated by the formula given in
the U.S. Senate Document 97 and the rate recommended by the
Treasury Department differ in magnitude, at the conceptual‘
level both represent the view that the appropriate SDR is
given by the market interest rate on long-term government
bonds. Other examples of this conventional view of the proper
discount rate for'government projects can be found too.8

But the use of the market rate of interest as the
appropriate SDR has been criticized by both the social time
preference school of thought and the social opportunity cost

of capital school. The former thinks that it is too high a

rate whereas the latter believes that it will be too low.

1.2 Social Time Preference Rate

Some economists believe that the market rate of
interest based on consumer sovereignty for intertemporal
choices is too high a rate to be used for evaluating social
projects. According to them, even in a perfectly competitive
capital market the social time preference (STP) rate will be
distinct from the private timg preference (PTP) rate. The
former will generally be lower than the latter.

The traditional arqument given for this line of
thinking is that an individual takes a "myopic" view of the
future and possesses a "defective telescopic facility" which

makes him consume more in the present and save (and invest)
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less. His view about the future is tinted by his own mortality
and uncertainty about the things to come in the distant future.
If we use the market rate for finding the NPV or B/C of social
projects, we will be investing less for the well being of the
future generations. But society has a responsibility towards
the unborn as it is a continuous entity. This permanence and
continuity of society, so the argument runs, is represented
by the government. The government, therefore, should not dis-
count consumption by future generations as heavily as an indi-
vidual will and hence the marginal rate of discount used by
the government ought to be lower than that represented by the
market rate of interest. This argument was first given by
Pigou and later developed by various other writers including
Dobb and Tobin.9

This argument in favour of the STP rate has been
criticized on various accounts. It is pointed out that if we
believe in growthmanship,* and that is what the argument in
essence implies, then a better policy may be to encourage all
investment, public as well as private, through appropriate
fiscal and monetary policies and to keep interest rates low
for all investors whether they happen to be in the public or
private sector. It is argued that the use of low discount
rate on social projects as an instrument for increasing invest-
ment for the future and thus stimulating a higher growth rate

in the economy may not necessarily succeed in its purpose.10

*Growthmanship can be defined as an advocacy of such poli-
cies as encourage more savings (less consumption) and invest-
ment in the present in order to have more consumption in the
future. -
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Tt may simply, given full employment of factors of production
in the economy, transfer resources from the private investment
to the public investment sector and in doing so it will change
the composition of output available to future generations, not
necessarily in the direction to be desired by the unborn.
Even if the product mix is altered in the desired direction,
it is argued, this may be achieved by more efficient and less
expensive ways. Stockfisch demonstrates this point in connec-
tion with land reclamation projects.ll
But the entire area of growth theory -- what factors
contribute to it more, what are more efficient ways of achieving
a higher rate of growth and in the context of what types of
economies (developed or developing) -- is in itself a contro-
versial one and we do not intend to enter that debate as it is
not relevant for our dissertation.
In any case, Marglin takes up the above argument
that both types of investment, public and private, should be
discounted at the same low rate of discount. He attempts to
prove that the appropriate rate of discount for all investment
is the STP rate and that the optimum investment in the economy
will be achieved when marginal social rate of discount (or
STP rate) rather than the market rate of interest (or PTP rate)
is equal to the marginal productivity of investment.12 How-
ever, he rejects the Pigovian argument as an authoritarian
one. He rightly interprets it to mean that social welfare is
a function of not only the utilities of the present members

of society but also of those who will be its members in the
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future. But then he asserts that he wants "the government's
social welfare function to reflect only the Preferences of
present individuals" because, according to him, "a democratic
government reflects only the preferences of the individuals
who are presently members of the body politic.“13
It may be possible to argue with Marglin's asser-
tion about the function of a democratic government with regard
to intertemporal choices.14 But that is not the issue at
hand at present. Even if we accept Marglin’s assertion, his
position on the SDR is the same as that of Pigou, namely that
an appropriate SDR will be different from the market rate of
jnterest. His dispute with Pigou lies in supplying the theore-
tical reasons for it. His explanation is contained in what
he has called the "jinterdependence answer".* He makes the
assumption that every individual's satisfaction depends on
the consumption of other individuals, both present and future,
and also on his own consumptioﬁ. Because of this psychic ex-
ternal effect between one individual's consumption and the

other's satisfaction,** it can be shown that no one, taken

*Marglin has also considered another reason for STP being
different from PTP. . He calls it the "gSchizophrenic Answer".
According to this answer an jndividual plays a dual role. He
has one rate of time preference as an individual, an economic
man, but a different one as a citizen. Marglin is sympathetic
to this view but he does hot accept it because he finds it
difficult to decide-which of the two preference rates is the
"true" one. Carl Landauer has recently commented on Marglin's
dilemma when faced with the "gchizophrenic Answer" to the pro-
blem of STP vs PTP and has stated that Marglin feels uncomfor-
table about it without any good reason.

**Marglin has argued that because of psychic externalities
investment can be regarded as a public good - a good psychi-
cally consumed simultaneously by every member of society.
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individually, will be willing to invest for the sake of

future generations; though everyone would like others to
invest. However, everyone might be willing to invest on
condition that others also do so. Thus there arises an
apparent conflict between our unilateral preferences and our
collective preferences. The market provides no solution to
this problem, only the coercive power of the state can take us
out of this deadlock by forcing each one of us to invest for
the benefit of future generations. This can be done by the
state by discounting the social projects at the STP rate which
will be lower than the market rate of interest and also by
forcing the market rate itself to be equal to the STP rate.
The STP rate, in Marglin's model, is basically a rate of dis-
count reflecting a value judgement of society about a possible
optimal rate of economic growth.

Lind has disputed Marglin's conclusion and argued
emphatically that "interdepehdence effect" does not mean that
the market rate of interest necessarily loses its normative
significance. He further argques that "while such interdepen~
dence effects necessitate a political solution to the problem
of investment, it is not, as Marglin's conclusion suggests,
generally possible to effect an optimal solution simply by
setting a rate of interest calculated to bring forth an 'opti-
mal rate' of total investment."16

We have stated earlier that an advocacy of a low
social discount rate is in effect an advocacy of growthmanship
but the whole idea of growthmanship has been challenged by

17

several writers like Tullock, Mishan and Stein. The main
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criticism against it is that the future generations are going
to be richer, in terms of per capita real income, than the
present one. To provide for them through increased investment
for the future by using low discount rates would be what
Baumol has described as "a Robin Hood activity stood on its

head."18

From this, it is further concluded that in general
the future should be left to take care of itself and that we
should refrain from trying to lower artificially the social
discount rates.* Objections have been raised against ;he
Tullock-Baumol-Mishan argument in terms of the future needs
and the uncertainty of resources needed for their fulfillment.
It is argued that "there may even be some doubt whether, in

a true welfare sense, future generations will really be

better off.“19

1.3 Opportunity Cost of Capital Rate

One decisive argument, however, against the use of
the STP rate for purposes of evaluating public investment pxro-
jects is that such a procedure will'lead to inefficient use of
scarce resources. It is recognized, even by the nroponents
of the STP rate, that it will be extremely difficult, rather
impossible, to apply the STP rate to all investment projects,
social or private.20 In a mixed economy like ours there will
remain a discrepancy between the STP rate and the rates of

discount used in the private sector. And if the social projects

*Exceptions to this general rule are recognized in the
literature. For example, Baumol in his AER (1968) article
mentions the case of irreversibilities where government inter-
‘vention on behalf of the future generations will be required.
But even in such a case he recommends selective subsidies
rather than a low general discount rate as a policy instrument.
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are discounted at the STP rate which is lesé than the dis-
count rate used in the private sector, scarce resources will
obviously be diverted from the privéte sector to the public
sector. Such a development will in general lead to an inef~
ficient use of resources. It is, therefore, argued that theb
social projects should be discounted at a rate which reflects
the social opportunity cost of capital.21
As a matter of fact, the controversy on the proper
discount rate between the STP school and the SOC school seems
to us, and it has been pointed.out in the literature, to result
from the fact that different authors are focusing their
attention on different issues involved in the selection of

22 Those who recommend the use of the STP

an appropriate SDR.*
rate are studying the problem from the point of view of issue
number 1 and the others who recommend opportunity cost rate
are concerned with issue number 2. But confusion starts
replacing logic when the rate ensuring optimal allocation of
resources as between the present and future (issue number 1) is
recommended also as a rate which will bring optimality in the
distribution of resources between the private and public sector
(issue number 2) and vice versa.

For an overall optimal resource allocation in an
economy, the NPV or B/C of a project discounted at the time

preference rate must be equal to the NPV or B/C of that project

discounted at the opportunity cost rate. But as far as public

*For a list of issues involved in the choice of an
. appropriate SDR, see supra, p. 181.
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investment is concerned, we tend to agree with Arrow's con-
clusion that "...in establishing criteria for a relatively
limited body of investmehts, such as social investment will
frequently be, the opportunity-cost criterion may be adequate
if it can be presupposed that time preference has already been
allowed to operate in the determination of the overall volume
of investment and, therefore, indirectly in the determination
of the rate of return on alternative investments."23

But the controversy is far from‘settled. Formula-
tions of investment criteria have been suggested by the pro-
ponents of the STP rate which, they claim, satisfy the condi-
tions for overall optimality and take care of the criticism
that the use of STP as a discounting factor will lead to in-
efficient transfer of resources from the private sector to
the public sector. Such investment criteria have been sug-
gested by such prominent economists as Marglin, Fcldstein,

24

Otto Eckstein, Krutilla and Steiner. But their formulations

have been severely criticized by equally prominent persons in

25 The debate is

the profession like Mishan and Hirshleifer.
still going on. It is not our intention to attempt to resolve
this highly important controversy. In this section we simply
wanted to discuss briefly some of the theoretical issues in-

volved in the selection of an appropriate discount rate.

2. Magnitude of the Appropriate Discount Rate

After having shown our inclination to accept the

S0C rate as the appropriate rate of discount for social pro-
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jects, we now turn to the question of its measurement. What
will be the size of the discount rate given by the opportunity
cost of capital?

2.1 Marginal Productivity of Capital and Social Opportunity
" Cost Rate

One answer is that the SOC is given by the marginal
productivity of capital invested in the private sector. The
reasoning behind this argument is quite simple; If the funds
invested in the public sector come from private investment,
cléarly the rate of return earned by them in the private sec-
tor will be the opportunity cost of these funds. If they
come from private consumftion, so the argument goes, they
could well have been lent to the private sector and, there-
fore, the social cost of the funds remains the same. This is
possible because in a perfectly competitive economy the con-
sumer, at the margin, will be indifferent between consumption
and investment. Private sector investment, under such cir-
cumstances, remains directly or indirectly a relevant alterna-
tive to any given public project and hence the marginal pro-
ductivity of capital in the private sector will correctly
measure the social opportunity cost of funds invested in the
public sector. When the funds invested in a given public pro-
ject form a part of savings of the public sector, private
investment still remains a relevant though indirect alterna-
tive if the public sector savings are abundant. The govern-
ment instead of investing in the public projects, which yield

less than the marginal productivity of capital in the private
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sector, can lend the funds to the private enterprise. Some -
complications, however, arise when the funds in the public
sector are severely limited and the government works under
strict budgetary stringency. After considering all possible
cases, Harberger came to the following conclusion:

The opportunity cost of capital is best measured by

the marginal productivity of capital in the private

sector in virtually all cases, the only serious ex-

ception being the case of a binding budgetary con-

straint on the investible funds of the public sector,

in which case the private sector marginal productivity

of capital still remains as a lower limit to the dis~

count rate relevant for public sector investment

decision.26

What then estimates the marginal productivity of

capital in the private sector? Generally speaking, it will
be given by the private rate of return on capital invested in
the private sector. But as far as the SOC is concerned, it
will be given not by the private rate of return on private
investment but by the social rate of return on it. The social
rate of return can be computed by adjusting the private rate
of return for taxes like the corporation income tax. When the
government invests in social projects, it loses tax yields
which it would have received had those resources been invested
in the private sector. Social projects, it can be argued, must
earn a rate of return which is equivalent to the before-tax

rate of return on a typical private investment, if efficient

resource allocation is to be achieved.*

*Adjustments to the private rate of return should also
be made for externalities if any. But for all practical
purposes it may not be possible to do so objectively.
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Stockfisch calculated the social rates of return
on capital invested in several lines of activities -- like
manufacturing, mining,<§ublic utilities, and railroads, etc. --
in the private sector in the U.S.A. for a five year period
(1961-1965). On the basis of his calculations he recommended
that the social projects should be discounted at rates between
10 and 15 per cent. By finding a weighted average he suggested
that an overall social rate of return in the U.S. economy and
hence an appropriate social discaunt rate during 1961-'65

should have been 13.5 per cent.27

2.2 Sources of Funds Approach to Social Opportunity Cost Rate

The entire argument that the SOC is given by the
marginal productivity of capital is based upon one every crucial
assumption, i.e., the capital and product markets are perfect
and therefore it does not matter from what sources the funds
are drawn for public investment. In other words it is of no
significance whether the funds are raised by taxation and,
therefore, primarily come from private consumption or they are
raised by borrowing and hence primarily come from private
savings.

Once we give up this assumption, the consumers in
' the private sector no longer remain indifferent (at the margin)
between consumption now.and consumption in future (investment)
and the mode of financing the public projects becomes an im-
portant factor in calculating the SOC. This leads us to an

alternative approach, known as the "sources of funds" approach,
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to estimating the SOC of public funds. This approach has
been followed by Eckstein and Krutilla - Eckstein in the
U.S.A. and by Reuber and Wonnacott in Canada.28

Eckstein makes the assumption that public projects
are financed by funds raised by tax revenue and attempts to
calculate the private opportunity cost of tax-raised federal
funds. He calls it the social cost of federal capital. He
estimates it by tracing how a tax reduction in the economy
will affect consumption and investment. By using 1955 data
for the United States, he found that taxes affecting consump-
tion gave 5.79 per cent as the opportunity cost of social
funds. For taxes affecting investment it was 5.44 per cent.
Finally, by computing a weighted average of these two rates
he concluded that the SOC of federal funds in the United
States in 1955 was five to six per cent. Miller followed
Eckstein's method twice, for 1949 and 1957, but only for taxes

29 His estimated values of the SOC in

curtailing investment.
these years were respectively 7 and 6.3 per cent. Miller,
however, criticizes Eckstein's method and calls his procedures
defective. He observes that, "an average computed according

to his methodology is somewhat biased against government enter-

prise."30

According to Miller what we need is a real rate of
return" and he suggests a discounting factor of 4 to 4.5 per
cent as the appropriate social rate of discount for low risk

government projects and a rate between 4 and 6.5 per cent if

*The concept of real rate of return and its relevance to
our study are discussed below, pp.
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there are uncertainties.

Reuber and Wonnacott compute the opportunity cost
of borrowed funds in Canada in 1959. Their argument is that
the project under consideration, The Columbia River System,
will be financed by funds raised by borrowing rather than by
taxation.31 They first identify the various sectors of the
capltal market (e.g., consumption, business, and mortgage,
etc.) from where the funds will be drawn and then attrlbute
a marginal rate of return (financial) to the funds diverted
from each sector. The financial rates are adjusted to arrive
at the numerical estimates of the real rates. Finally, these
rates are combined with the weights suggested by the authors
and an estimate of the opportunity cost of cabital in Canada
in 1959 is calculated. According to them, it was 5.6 per cent
if the borrowing was done by the federal government and 5.64
per cent if the funds were borrowed by the British Columbia
government.32

We are not aware of any other study which attempted
to measure the social cost of capital in Canada. But some
estimates of such a cost may be formed on the basis of the
figures calculated for the U.S.A., keeping in view that
(1) the rates of interest in Canada have a persistent tendency
to be above the rates in the U.S.A.; and (2) historically the
difference in these rates between the two countries has been on
an average at a level of 0.60 per cent. >3

Fckstein stated that the opportunity cost of -tax-

raised capital in the U.S. in 1968 was 8 per cent. This figure
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he obtained by adjusting his 1955 estimate for the current
level of interest rates. He recommended a rate of 7 to 7.5
per cent as the appropriate rate of discount for social
projects.34
Harburger calculated the social opportunity cost of
capital for funds raised by borrowing. He arrived at (in 1968)
an approximate figure of 10.7 per cent. He said that his
estimate could be modified, as a result of further research,
by two percentage points at the most.35 In 1957, Harberger
had recommended 6 per cent or higher as the appropriate social
discount rate. He had argued emphatically against a rate of
2.5 per cent which was most commonly used at that time by the
U.S. government agencies undertaking cost-benefit analysis.36
The foregoing general survey of the literature on
the social rate of discount makes it quite clear that there
is no consensus, not to speak of unanimity, among the econom-
ists on the question of an appropriate rate of discount for
social projects: neither on its conceptual aspect, nor on its
empirical measure. The analysts have, therefore, used dif-
ferent discount rates representing the ruling market rate of
interest or a value judgement made by the analyst or two

boundary rates.37

We have decided to produce our results by
using 4, 8 and 15 per cent rates of interest. It is assumed
that 15% represents the private rate of return on capital
before tax, i.e., the social opportunity cost of capital.

Four per cent is taken to approximate the social time prefe-

rence rate and 8% is assumed to represent approximately the
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mid¥point rate between the two. It may be treated as the
market rate. This is the most practical approach.. It will
enable us to test the sensitivity of the net benefits of

the program to discount rates.

3. " Real Versus Financial Rate of Interest

Another point which emerges from the above surVey is
that over the years the magnitude of the rates of discount re-
commended by economists as the appropriate social discount
rates has gone up. One of the reasons for this phenomenon is
no doubt the inflation experienced by the countries concerned.
It is, therefore, suggested that government should use the
real rate of interest as a discounting factor.38 The real rate
of interest can be defined as the rate that has been deflated
for an expected rate of inflation in the economy.39

If the social opportunity cost of capital used in
evaluating government projects is represented by a financial
rate of interest rather than by a real rate, it is arqued,
many economically efficient projects may be rejected.40 This
is possible because: (l) financial rates of interest will
generally contain a premium for expecfed rate of inflation;

(2) but, as the normal practice goes, the dollar value of the
future benefits and costs of a project is estimated by.using
the current (referring to the time when the analysis of a pro-
ject is undertaken) market prices or their administrative
equivalents. In otﬁer words, the constant (present) prices
are used without any adjustment for expected inflation whereas

the interest rates (financial) already have "inflationary dis-
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count" built into them.

Two alternative methods have been suggested to
deal with the problem: (1) rate of discount may itself be
adjusted downwards for the expected rate of inflation;

(2) money wages and prices used for computing the future
benefits and costs of the project in question should be such
as include a premium for expec;ed inflation.

Which one of the two methods should be used? On
this qguestion the economists have different views. For ex-
ample, Otto Eckstein favours the second method.41 But Reuber
and Wonnacott have recommended the first one, largely on the
grounds that it requires less computational work and uses the
more familiar method of calculating benefits and costs of a
project. On the whole, however, they show that both the
methods yield approximately the same results.42

As far as our study is concerned, we use the money
wages and prices prevailing in each year of the project's
life. We can do so because ours is an ex-post study. To take
account of the inflation that occurred over the years, we
convert the "current dollar" values of the benefits and costs
of the program into 1949-constant dollars (see, supra, 151 and 166).

Interest rates which we use in our calculations should, there-

fore, be taken as the real rates of interest.

4. Adjustment for Risk

There remains one more point which deserves our
attention. It has been suggested often that the rate of in-

terest to be used for discounting social projects should be
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a rate which has been adjusted for risk involved in the pro-
ject.

The net benefits expected from the project will
remain uncertain and this is what is usually meant when we
say that an investment is risky. It is,'therefore, suggested
that a risk premium should be added to the discount rate used.
Tt will discount remote benefits progressively more heavily.
Seagraves favours adding a risk premium of the order of 2 to
4%, He favours the ideé of making one standard allowance for
risk in the case of all public projects.43

But even on this point, opinions among economists
differ. For example, it has been argued that there is no need
for making any allowance for risk. The government in any
country invests in a large number of projects and its invest-
ment is highly diversified. Therefore, under the 1éw of large
numbers the outcome becomes pretty much certain and the margi-
nal risk of any one project is so small that it can be ignored
easily.44

But those, like Seagraves, who favour adding a risk
premium to the social discount rate argue that not doing so
will be unfair to private enterprises that are not as diversi-
fied as the public sector.

Another type of argument which we come across in
the literature is that raising the rate of discount is not
the only way of dealing with risk. It can be taken account

of by making contingency allowances for costs or by shortening

the economic life of the project. We do not intend to enter
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this controversy; but these points have been quite frequently
brought out in the 1iterature.45

The question of adjusting the rate of discount up-
wards or making allowance for risk in any other way is not
very important for our calculations. Ours is an ex-post study
and we are dealing mostly with the actual costs and benefits,
though projections of costs and benefits are used in order to
compute the marginal benefits and costs of the program as
defined in Chapter IV. Keeping this in mind we have decided
not to make any adjustments for risk in the suggested dis-

count rates which are used for calculating the NPV (B-C) or

B/C of the TCP in Ontario.
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