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METHODS OF PROJECTING SUPPLY AND DEMAND HIGH -LEVEL OCCUPATIONS 

Harold Goldstein, U. S. Bureau of Labor Statistics 

The use of statistics as a guide to action 
often requires that they be drawn upon to make 
long -term projections. This is one of their 
most challenging uses because it implies the 
analysis of causation of economic and social 
events through the statistics. Not only do we 
gain insight into the underlying laws operating, 
but we also find out the inadequacies of the 
existing bodies of statistical data themselves. 
Thus, research on projections contributes to 
the never - ending reevaluation and improvement 
of the Nation's statistical programs. It is in 
this context that I want to review the research 
methodology in manpower projections. 

Projections of supply and demand in high - 
level occupations (which I take to mean occupa- 
tions for which higher education is the usual 
means of preparation) are used for several 
purposes: (1) planning educational programs 
and estimating what expansions in enrollments 
must be provided for in order to meet the 

Nation's needs for trained workers; (2) evalu- 
ating the feasibility of launching new programs 

requiring high -level personnel (studies were 
made, for example, before the United States 
launched the space program and the national 
communities mental health program); (3) evalu- 
ating the feasibility or the implications of 
attaining certain standards of services --such 
as reducing the pupil- teacher ratio in second- 
ary schools or attaining a desirable ratio of 
engineers to technicians in industry; and (4) 
the vocational guidance of individuals. 

Questions have been raised as to the value 
of such projections, in view of the substantial 
technical difficulties in making accurate pro- 
jections and the considerable amount of flexi- 
bility that individuals have shown in adapting 
themselves to occupations for which they had not 
been trained, and that institutions have shown 
in adapting their operations to shortages of 
certain occupations. However, this flexibility, 
while it should be encouraged, has its limita- 
tions: we cannot easily make physicians and 
physicists out of lawyers and social workers, 
and the process of retraining or reeducating 
can be costly in time and resources. Prudence 
requires that an educational establishment on 
which billions of dollars are spent annually 
be shaped with some regard to the best appraisal 
that can be made of future manpower requirements. 
The same is true with respect to attempts to 
launch immense new programs requiring special- 
ized personnel or to achieve substantial changes 
in standards of service. In view of the vast 
frictions, chaos, and costs, to individuals and 
to society, which could result if these 
expensive programs were launched simultaneously 
with no regard to their manpower implications, 
a modest investment in research on projections 
will clearly more than pay for itself. 

Kinds of Projections 

Different kinds of projections are required 
to meet the different needs outlined above. In 
planning educational programs, we need to know 
how many people should be provided with each 
kind of training. In this context we should 
assume that the demand is independently deter- 
mined, reflecting society's needs. The 

unknown for which this equation is being solved 
is the inflow to the supply from training 

programs. It is sometimes useful in such 
studies to illustrate the implications for our 

ability to meet future demand of a continuation 
of the present trend in the number receiving 
training; this would answer the question, What 
would happen if we did nothing to change our 
educational effort? Such a computation would 
be useful in showing how much of a change in 
enrollments in each field of study would have 

to be accomplished in order to meet the pro- 
jected demand. 

In another context, it may be the demand 
that is projected illustratively and the supply 
that is projected independently. For example, 
when the government is considering a large new 
program or a great expansion in an existing one, 
the question arises, Will we have the necessary 
manpower supply without taking any special 
steps to assure it? In this case the supply 

should be projected on the basis of current 
trends, and the total demand projected on the 
basis of the addition of demand resulting from 

the proposed program to the demand already 
existing in the economy projected in the absence 
of such a program. 

One must.recognize that in reality demand 

and supply are not independent, but rather 

interact on each other; that a short supply of 

workers in an occupation forces industry to 

adapt work processes and manning arrangements, 
and thus affects the demand for labor; and that, 

conversely, demand creates supply by drawing 

in workers from other occupations or from out- 

side of the labor force who can qualify in the 
shortage occupation. 

For vocational guidance, a student needs a 

realistic appraisal of the extent of employment 
opportunity. Both supply and demand should, 

therefore, be projected on the basis of the 

most probably course of events in the judgment 
of the analyst. This type of projection is 
most nearly like a ''forecast." 

For all of these purposes, projections are 

needed for years in advance, usually at least 

five, and often 10 to 20 years. For educational 
planning they are also needed at a State or 

local level, although this need is considerably 
less with respect to the high -level occupations 
considered in this paper, since they seek jobs 

in a nationwide market. 
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The same general body of techniques and 

data are required for all these types of pro- 

jections. They are, therefore, best made by 

a staff which is working continuously in the 

field and which develops the necessary 

expertise. At the same time it is essential 
that whoever makes projections keeps clearly 

in mind the questions each projection is 

designed to answer and the kind of projection 

that is needed. 

Methods of Projecting Demand 

The following discussion will be based on 

the experience of the Bureau of Labor 
Statistics in this area of work over the past 
two decades, and on studies by other govern- 

ment agencies and international organizations. 

There has been a great interest in this subject 
in recent years, arising in part out of the 

greater investments in education being made in 

all countries. Work has gone on in many 
different countries, and the OECD, UNESCO, and 

ILO have attempted to develop and encourage 

improvements in techniques through inter- 
national conferences, technical assistance, 
and publications. 1/, 2/, 3/* 

If one may define a general analytical 
approach to projections of manpower demand, it 

follows a logic something like this: 

1. Ascertain the factors affecting 
demand for the occupation, and 
study how they have operated. 

Identify, if possible, any 
economic variables that measure 

or serve as a proxy for each 
factor and that are capable of 
being projected independently, 

and study their past relation- 
ship to demand for the 
occupation. 

2. Project the factors or the vari- 
ables, and their relationship 
to demand for the occupation. 

3. Project demand for the occupation 
on the basis of these relation- 
ships. 

This procedure has been followed over 

the years for many occupations. In most cases 

it is found that the factors affecting demand 

for the occupation are the level of demand for 

the goods and services produced by the occu- 

pation (or the institutions in which the occu- 
pation is employed), and the way in which the 
work of the occupation is organized and combined 
with that of other occupations to produce the 
goods or services. This leads us to project 
(a) the demand for the products of each sector 

* References are at the end of the paper. 

of the economy in which the occupation is 
employed; (b) total employment in each sector 
(on the basis of a study of the relationship 
of output to employment); and (c) the changing 
patterns of use of the various occupations by 
each industry sector (affected by technological 
change and reflected in the changing occupa- 
tional composition of that sector's work force). 
4/, 5/, 6/ In order to project the demand for 
the products of each sector, we need a system 
of general projections of the patterns of 

economic growth and of the relationships between 
levels of income and general economic activity 
and patterns of expenditure of each type of 
goods and services. 

If I have seemed to be leading the college 
president, who simply wants to know whether he 
should expand his engineering school, down the 
garden path of an elaborate system of economic 
analysis that takes in the Nation's whole 
economy in all its complexity, I make no 
apologies. No occupation can be considered 
in and of itself; its demand arises out of the 
complex fabric of our society, out of the 
growth or decline of industries, the dramatic 
changes in technology, the availability of 
workers in other occupations related in the 
work process. Its supply, too, is not inde- 
pendent, but depends upon the total supply of 
educated workers, and the numbers entering 
other occupations. 

Having described above the logical steps 
leading us to making broad -scope economic 
analyses as a basis for projections, let me 

briefly outline the analytical steps currently 
followed in the work of the Bureau of Labor 
Statistics, and in that of many other agencies 
engaged in similar projections 

1. The general level of economic activity 
is protected.- -This way involves a projection 
of the population, a projection of the labor 
force, a computation of the number of persons 
who would be employed if this labor force is 

fully utilized (allowing for some minimum, 
inescapable level of frictional unemployment), 
and a projection of the gross national product 
that would be turned out by this number of 
employed workers, given an assumed growth in 
output per man -hour and an assumed change in the 
number of hours worked by each person. 

2. The general character of the economy is 
protected.- -This involves establishing a 
reasonable relationship between such strategic 
variables as investment, consumption, govern- 
ment expenditure, net foreign trade, net 
inventory change, and income payments to the 
various factors of production. 

3. Patterns of consumption are projected.- - 
This involves development of information on the 
expenditure patterns of families of different 
income levels, and projections of the numbers 
of such families. 



4. Industry production levels are pro- 
jected.- -The production generated in each indus- 
try by final consumption of each of certain 
quantities of each product or service is esti- 
mated by means of regression analysis or input - 
output analysis. 

5. Employment levels in each industry are 
projected.- -This requires a projection of the 
change in output per man -hour and of the change 
in annual hours of work per employee. 

6. Employment by occupation in each indus- 
try is projected. --This requires development of 
information on the past and present occupational 
composition pattern of each industry and an 
appraisal of how this will change under the im- 

pact of changing technology. The way in which 
the occupational composition of each industry is 
changing cannot always be projected by means of 
a study of the industry itself. Patterns of 
occupational use, particularly in relation to 
new technology, are introduced from one industry 
to another, and one can learn much from the 
experience of other industries. Thus, the mana- 

gerial occupations and the way they are used in 
industry have certain elements common in all 
industries. Similarly, the introduction of a 
new technology, such as numerical control of 
machine tools, spreads from industry to industry, 
and these phenomena have to be examined independ- 
ently of the study of changing occupational 
patterns of individual industries. Also, the 
relative employment of members of different 
occupations whose work is related (such as 
engineers and technicians, or nurses and hospital 
attendants) is affected by considerations of 
supply of the other occupations involved, and 
these factors have to be considered across the 
board and outside of the data we can accumulate 
on the occupational composition of each industry. 

There are cases in which a projection for 
an occupation can be made with considerably less 
than the elaborate analysis described above. 
Occupations directly serving people, for example, 
can be projected on the basis of the growth and 
changing characteristics of the population. 
Thus, demand for teachers has been projected on 
the basis of projections of population of school 
age, trends in the proportion of this population 
enrolled in school, and trends in the ratios of 
teachers to pupils, which have to be analyzed in 
terms of the many institutional factors affecting 
these ratios. 7/ In the same way the typical 
method followed-in projecting demand for medical 
personnel has been to project past ratios of per- 

sonnel to population, allowing for the effects 
of such factors as changing age composition and 
urbanization. But for the very large number of 
occupations whose employment is in industry, 
particularly those widely scattered in different 
industries, such as engineers, chemists, 
accountants, administrative workers, etc., a 

more elaborate economic analysis is needed. 
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In addition to the projections that can be 
made of population- serving occupations, there 
are other individual projection approaches that 
can be made independently of the general system 
described above. For example, the demand for 
automobile mechanics has been projected on the 
basis of the potential number of cars and trucks 
in use, which is related to the number of 
families and the average number of cars per 
family. Employment of scientists and engineers 
has been projected on the basis of expenditures 
on research and development. 12/ However, these 
projections are not completely independent of 
a general economic analysis for many of the 
ingredients that enter them derive from consid- 
erations of income levels, corporation expendi- 
ture levels, etc. As a general principle, any 
means of alternative independent projection is 
worth pursuing as a check against the system- 
atic projections and to get some sense of the 
range of error in the latter. Many cross- checks 
should be built into the system itself; e.g., 
employment or production in the building 
materials manufacturing industries ought to have 
some reasonable relationship with employment in 
construction or the volume of construction put 
in place. 

Recent developments in data collection and 

analytical techniques make possible some improve- 
ments in the projection of demand. An extensive 
research project on economic growth, in which 
the Bureau of Labor Statistics, the Office of 
Business Economics of the Department of Commerce, 
and several other government agencies and 
university groups are engaged, applies analyses 
of consumer expenditures, investment expend- 
itures, and input- output relationships among 
industries in a systematic approach to economic 
projections. 8/ New research by BLS and by 
some university groups on the interdependence 
of the size of the labor force and the level 
of employment opportunity has led to improved 
methods in this area. 9/ A major remaining 
gap is the lack of statistics on employment by 

occupation. An outline for a system to provide 
this is being developed by BLS; this would 
provide data for successive years on the 
occupational composition of individual industries, 
and aid in the projection of changing patterns. 

New data are also becoming available that 
will help in the projection of demand in certain 
occupations. This may be illustrated by a 
single example. The traditional approach to 
projections of demand for medical personnel out- 

lined above has some obvious weaknesses, but 

has been followed for many years, lacking a 

better one. Ratios of physicians to population 
need not be constant. On the one hand, rising 

standards of medical care and rising ability 
to purchase it (as a result of per capita 

income growth, prepaid medical plans, etc.) make 

for an increase in the ratio of physicians to 

population. On the other hand, changing medical 

practices and improvements in method may reduce 

reduce the need for physicians in relation 
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to population. An example of the latter is the 

rapid cure of many diseases by antibiotics, 
reducing the number of doctors' visits for 
each illness. In view of these considerations, 
when one makes projections of medical manpower 
requirements on the basis of ratios to popu- 
lation he is on exceedingly marshy ground. We 
may get some new light on this problem from 
the experience of prepaid full - service medical 
plans, such as that of the various Group Health 
Associations which have developed through expe- 
rience the necessary ratios of doctors required 
to serve their populations. 

These new sources of data and techniques 
of analysis will enhance the accuracy of pro- 
jections of demand. 

It should be clear from the above descrip- 
tion that the techniques for projection of 
demand are analytical in their orientation: 
they depend on the understanding of causes of 

economic change, not on any mechanical pro- 
jection of past trends in employment in any 
occupation. 

In view of all the difficulties I have 
described, I should not leave the subject of 
projections of demand without the reassuring 
note that it is indeed possible; that it has 
been done as part of a continuing research 
program and these projections are reviewed and 
revised repeatedly. The most recent general 
projection was published early this year in the 
Manpower Report of the President, and spelled 
out in more detail in a later publication. 11/ 

In this study requirements for professional, 
technical, and kindred workers, of whom over 
8.5 million were employed in 1964, were pro- 
jected to rise by more than two- fifths by 1975, 
almost twice as fast as the one -quarter 
increase projected for total employment. Demand 
in the technical fields was found to be rising 
most rapidly: needs for scientists and 
engineers (of whom 1.3 million were employed 
in 1963) were expected to rise by 50 percent by 
1975; for science and engineering technicians 
(825,000 employed in 1963) demand was projected 
to rise by two- thirds by 1975. The same rate 
of increase was projected for college teachers; 
but demand for elementary and secondary school 
teachers and most health professions was 
expected to rise more slowly. 

The growth in demand for managerial per- 
sonnel was projected at about one - fourth from 
1964 to 1975, with more rapid increase in needs 
for salaried managers and officials; slower 
growth for self -employed businessmen. 

Methods of Projections of Supply 

Although not all the problems of projected 
demand have been adequately solved, the art of 
projection demand is far more developed than 
that of projecting supply. The latter is the 

great neglected field in the area of manpower 
projections. This arises in part from the pre- 
occupation of economics with the various kinds 
of studies and the development of the kinds 
of data that lend themselves to demand 
analysis. It also arises because of some of 
the severe conceptual and measurement problems 
in the area of labor supply. One,group of 
these problems centers around the inherent 
flexibility and adaptability of human beings. 
People have multiple skills, and are capable 
of working in many occupations other than 
those for which they have had specific train- 
ing or in which they have been previously 
employed. Most people actually do move, during 
the course of their working lives, among a 
number of occupations, and this mobility is 
found not only among the less -skilled but even 
among the most -skilled and specialized occupa- 
tions. 10/ From this it follows that the labor 
supply in any occupation is difficult to 

quantify. If the analysis of the supply of 

labor is viewed as a system of stocks and 
flows, not only is the stock impossible to 
measure accurately, but also the flows into 
and out of each occupation are difficult to 

predict. 

For high -level personnel, the major inflows 
are persons who complete training (e.g., receive 
a degree), those who enter without having 
received the formal training (a significant 
proportion of persons employed as engineers, 
for example, have never received an engineering 
degree), or come into the country as immigrants. 
The major outflows are deaths, retirements, 
withdrawals of women from the labor force for 
family reasons, movement to other occupations, 
and emigrants from the country. 

For the inflows we have good measures of 
the number of persons receiving degrees at 
various levels. On the other hand, there is 

very little information on interoccupational 
mobility- -the number of people who enter each 
occupation without having received formal 
training. Such studies in broad terms have 
shown that the quantity of such mobility, 
even among professional occupations, is con- 
siderable. 13/, 14/ 

For the outflows we have reasonably accurate 
measurements of the impact of deaths and retire- 
ments by using tables of working life for men 
and women developed by the Bureau of Labor 
Statistics, which can be applied to the present 
members of each occupation separately by age 
to make estimates of the prospective losses 
resulting from deaths and retirements over the 
next 10 or 20 years. There are greater diffi- 
culties in developing techniques for estimating 
losses from occupations resulting from occupa- 

tional mobility. A series of two -year followup 

surveys of persons reported in certain occu- 
pations in the 1960 population census has 
provided some insights, but misclassification 
of these persons by occupation in the census 

makes the results difficult to interpret. 16/ 



Followup studies of people who receive degrees 
in.each field have found a substantial move- 
ment out of many occupations, even in the 
period immediately after graduation. 15/ 

One of the hopeful new developments in 
this area of measuring occupational mobility 
is the National Education Association's annual 
surveys of public education systems, in which 
they get data on the number of teachers who 
leave the system (classified by whether they 
went to another teaching job, retired, or 
withdrew from the labor force, etc.), and the 
number of teachers who entered the system 
(classified by whether they were new graduates, 
reentrants, or persons who moved to other 
teaching jobs). These surveys help to sort out 
the great amount of mobility from place to 
place within the teaching profession from the 
inflows and outflows from the profession, and 
also help to deal with the question so important 
in occupations in which large numbers of women 
are employed: What is the pattern of inflows 
and outflows associated with women's family 
responsibilities? 
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