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CENTER OF PLANNING AND 
ECONOMIC RESEARCH 

The Center of Planning and Economic Research was originally 
established in 1961 as the Center of Economic Research in Greece, 
in the expectation that it would fulfill three functions : (1) Basic 
research on the structure and behaviour of the Greek economy, (2) 
Scientific programming of resource allocation for economic develop
ment and, (3) Technical-economic training of personnel for key posi
tions in government and industry. Its financial resources are contri
buted by the Greek Government. The University of California 
at Berkeley participates in the process of selection of foreign scholars 
who join the Center's staff on an annual basis. It also participates 
in a fellowship program which supports research in Greece by 
American graduate students, as well as studies for an advanced 
degree in economics of Greek students in American Universities. 

Fellowships are also provided to young men who have graduated 
from a Greek University. They join the Center as junior fellows for 
a period during which they assist the senior fellows in their research 
and programming work and participate in seminars given by them. 

The Center's main task, naturally, is the carrying out of research 
on key aspects of the Greek economy and on the fundamental policy 
problems facing the country in its effort to develop rapidly in the 
framework of the European Common Market. This research is carried 
out by teams under the direction of senior fellows. The results are 
published in a Research Monograph Series. 

The lectures and seminars included in the Center's program are 
not only for the benefit of those working for the Center. Economists, 
scholars and students of economics are also invited to attend and parti
cipate in this scientific exchange which has been carried out in co-
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Operation with institutions of higher learning here and abroad. A 
"Lecture Series", a "Training Seminar Series" and a "Special Stud
ies Series" round off the publications program of the Center. 

On the basis of this satisfactory experience the Center was reorgan
ized in August 1964, under its new name, with the purpose of carrying 
out, on account of the Greek Government, its scientific programming 

functions in a more systematic way, both at the national and regional 
levels. 

Another need which the Center has set out to meet is the establish
ment of a library and a bibliographical service in the economic sciences. 
These two services have since been formed and are most successfully 
operating. Besides its usefulness for the education of the trainees of 
the Center, this service will be of particular interest to Greek econo
mists in general. 

The Center exchanges information and results with similar Centers 
in other countries, and participates in joint research efforts with 
Greek or foreign public and private organisations. 

Finally, one should emphasize that this is one more example of 
Greek-American cooperation, a pooling of human talent, funds and 
efforts, designed to promote the training of economists and to help in 
meeting Greece's needs in the field of economic development. 

The final aim is eminently practical: to help in creating a better 
life for the Greek people. 
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EDITOR'S INTRODUCTION 

This Symposium is the outgrowth of the Graduate Staff Seminar 

that the editor directed at the Center of Planning and Economic Re

search in 1964 - 65. The members of the Seminar, mostly economists 

associated with the Center on a permanent or visiting basis, were 

actively engaged in planning and in basic research for economic de

velopment. The purpose of the Seminar was to provide an outlet for 

regular professional «coffeeklatsching» : the members would get to

gether to discuss a paper, to present the work they had been doing, 

to invite criticism, to solicit aid on approaching a problem. One never 

expected then that such a multifarious seminar agenda would ever stim

ulate the shaping of some ideas that could be drawn together under 

a central Symposium theme. What, then is the unifying idea, the 

red thread, that runs through this collection of essays? 

« Shop talk» at the Center has always been motivated by the pur

pose of the Center itself: to stimulate economic policy recommendations 

which eventually might help in creating a better life for the Greek 

people. The theme of this Symposium is to circumstantiate the nature 

of the contribution that the economist can make in the shaping of 

policy recommendations. The crude schema borrowed from Martin 

Bronfenbrenner [«Balm for the Visiting Economist», JOURNAL OF 

POLITICAL ECONOMY, Vol. LXXI, No. 3 (June 1963), pp. 293-

97] might serve as a starting point: 

Economic Analysis Economic Facts Economic Value 

ψ judgments 

Economic Policy 

>- Recommendations < — 

Where, in this schema, does the comparative advantage of the pro-
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Editor's introduction 

fessional economist lie? Obviously in economic analysis and economic 
facts. Economic analysis has a certain property of international trans
ference: with only few exceptions, it crosses developmental levels. Hence 
the contribution of the international, visiting economist and his local 
counterpart is most crucial at this point. The professional economist 
who has been locally trained and has developed the feel for the country's 
economic milieu is the main provider of economic intelligence. This 
circumscribes the role for which the economist has received professional 
training. Of course, it does not exclude any normative content from 
economics. It merely recognizes the fact that the policy maker is best 
qualified to supply the economic value judgments, the targets of the plan 
which, together with economic analysis and economic facts, will go to 
produce the economic policy recommendations. The title of the Sympo
sium calls attention to the main contribution that the economist 
can make to economic policy, namely his kit of tools! 

Goldberger's essay brings out the interplay between economic anal
ysis and economic policy. Given the economic facts, he starts out with 
a simplified model that specifies the structural relations of the econo
my. The economic policy maker provides the value judgments : he de
fines the targets to be achieved and the instruments to be used in achiev
ing them. The role of the economist is to define the feasibility set. 
He specifies the mix of the stated targets that can be achieved given 
the mix of the instruments available. The solution also provides the 
trade-off between different targets. Going from the feasible set to 
the optimal set presupposes specification of the social welfare function 
— another value judgment for the policy maker to make. The economist, 
however, by having specified the trade-offs between targets, has already 
contributed to revealing the social welfare function. By probing the 
subconscious, one might say, he has let a minister think aloud about 
his problems and bring to the surface his motives and his judgments 
about economic policy; the economist in this role carries out the function 
of the psychiatrist of the subconscious of the collective will! 

Kuhn also sees the economist as an adjudicator who «presents evi
dence on the means-ends consequences of alternative courses of action 
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Editor's introduction 

to decision makers». In illustrating this role in the field of investment 
planning, Kuhn makes a plea for leaving the economist as unconstrained 
as possible to outline the feasibility set; otherwise, profitable 
investment alternatives may be excluded, simply by reason of having 
a priori narrowly defined the instruments available. On the other 
hand, in choosing the social rate of discount for use in intertemporal 
comparisons of means-ends, Kuhn follows Eckstein and argues that 
this is a question of value judgment which is properly left to the 
policy maker. 

Berney is concerned with the proper choice of yardsticks in the 
means-ends comparison. The use of improper shadow prices need not 
lead to a feasible set of programs ; certainly it will not lead to the 
optimal program from the social point of view. He examines the case 
of labor and capital. Is the shadow price of underemployed labor 
zero ? How are investment decisions made when the rate of discount 
is determined a priori? How can an «appropriate» rate of discount 
be endogenously derived from the list of alternative projects under 
consideration? 

The proposition that the market prices, when used as shadow prices, 
do not necessarily lead to a feasible program set, is demonstrated by 
Kyrtsis. The empirical example he provides illustrates that before 
the economic analyst accepts the economic facts he is supplied with, 
he should do some intelligence work on his own. 

The next essay, contributed by the editor, is another variation on 
the theme «how to live with poor (i.e., inappropriate) statistics». It 
turns out that capital stock data are not the appropriate variable for 
use in a production function. Tet, it was possible to transform the 
data into the relevant concept of current service flows of capital assets. 
This transformation is tried in a production function for a random 
sample of Epirus farms and it performs better than the commonly 
used capital stock concept. 

Drandakis' is the only paper that did not originate from the Sem
inar discussions, although it was presented and widely discussed 
there at several meetings. It is included here as a significant and as 
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Editor's introduction 

yet unpublished contribution to the highly specialized (and growing) 
literature on the Turnpike Theorem; but especially, it is included 
here as a dramatic answer to the question «whyplan?». Drandakisproves 
for a two-sector model that as the planning horizon increases; the lim
itations of initial endowments will have less effect on the final 
period plan and output, even if production techniques change. This pro
perty is shown by the production possibility locus that approaches a 
straight line as the future period to which it refers is made more 
distant. The second significant result that Drandakis shows is that 
the efficient range of production of the early periods of a long-run pro
gram is rather narrow. These two results combined indicate that long-
run planning is essential for permitting the economy to follow an effi
cient accumulation path over a long period of time. The editor feels 
that wading through the august-looking mathematics is a small price 
that the reader is called to pay in order to get the full essence of both 
the theoretical results and the empirical computations that Drandakis 
provides in his paper. However, the reader who is willing to take the 
results on faith is invited to read only Section 1, the beginning of 
Section 2, the statement of the theorems in Sections 3.4 and 4.6 and 
Section 6 that presents the empirical computations. 

Last, but not least, the editor feels obliged to convey the appreciation 
of the authors to the members of the Center's Graduate Staff Seminar 

for the exchange of ideas and the criticism that they contributed to 
the shaping of this Symposium. Special thanks go to Miss Sandra 
Schwartz, the Seminar recorder, who might even be considered, in a 
broad sense, a co-author of the essays. All the authors' early drafts 
benefited greatly from the meticulously-recorded and well-researched-
before-release Seminar Minutes that she was responsible for. 

PAN A. YOTOPOULOS 
University of Wisconsin-Milwaukee, 
November 1965 
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1. INTRODUCTION 

As a distinguished economist has written, «Economic anal
ysis cannot provide a complete treatment of problems of 
economic policy. <Extra-economic> elements are involved: 
especially the choice of aims, and, to some extent, the choice 
of means. But, nevertheless, analysis can make some impor
tant contributions.» — Tinbergen [4, p.9]. Our objective is 
to illustrate this familiar theme by means of a highly idealized 
example, also drawn from Tinbergen [4, pp. 245 - 246]. The 
presentation will emphasize the interplay between the eco
nomic analyst and the economic policy-maker. 

We consider an economist who has been assigned the task 
of providing the analysis relevant to the formation of macro-
economic policy. We suppose that the initial fruit of his re
search is the specification of the following structural model : 

(1) Y = E + X—M 
(2) E = A + ßY 
(3) M = μΥ 
(4) D = M—Χ 

where Y = income, E = expenditure, Χ = exports, M = 
imports, A = autonomous expenditure, β — marginal pro
pensity to spend, μ = marginal propensity to import, and 
D — balance-of-payments deficit. This system of four equa
tions, we shall assume, adequately describes the working of 
the economy in the recent past. 

2 
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The economist's role in policy formation 

2. FORECASTING 

Suppose then that the economist proceeds to forecast the 
performance of the economy under the assumptions that the 
structural parameters β and μ continue at their historical 
values and the variables A and X take on predetermined 
values. Given these data he will be able to solve the four-
equation structural model for the four unknowns Υ, Ε, M, 
and D — that is to forecast their values. For this purpose 
it will be convenient to express Y in terms of the data, that 
is to obtain its reduced form equation: 

(5) Υ = ( 1 - β + μ ) - ΐ ( Α + Χ ) ; 

the values of E, M, and D being then readily obtained from 
the structural equations (2) - (4). 

To sharpen the illustration we may as well assume numer
ical values. Suppose then that the data for the forecasting 
problem are: 

β = 0.8 μ = 0.3 A = 20 X = 20; 

the resulting forecasts are readily computed: 

Y = (1—0.8 + 0.3)-1 (20 + 20) = ~ 40 

E = 2 0 +(0.8) 80 = 2 0 + 64 
M = (0.3) 80 
D = 24—20 

3. FIXED TARGET 

Suppose next that, having provided this picture of the 
prospective state of affairs, the economist is informed that 

= 80 

= 84 
= 24 
= 4 
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The economist's role in policy formation 

the policy-maker is dissatisfied — not because of any objection 
to the analysis, but rather because the forecast value of Y 
is considered undesirably low. Suppose indeed that the 
policy-maker specifies a fixed target value for Y and has at his 
disposal control over the instrument variable A. Thus Y is now 
to be treated as a datum rather than an unknown, while A 
is to be treated as an unknown rather than a datum. «The 
logic of finding the best economic policy, that is, finding 
the extent to which certain means should be used in order 
to achieve certain aims is, in a sense, an inversion of the logic 
to which the economist is accustomed». — Tinbergen [4, 
pp. 8 - 9 ] . 

Given the new set of data β, μ, Y, and X, the analyst 
will be able to solve the four-equation structural model for 
the new set of four unknowns A, E, M, and D. For this pur
pose it will be most convenient to express A in terms of the 
data by turning (5) around into 

(6) Α = ( 1 - β + μ) Y - X ; 

upon solution of which the values of E, M, and D are again 
obtainable from the structural equations (2) - (4). 

For the numerical example, we take the target value of 
Y to be 140, so that the data for this one-fixed-target — one-
instrument problem are 

β = 0.8 μ = 0.3 Y = 140 Χ = 20, 

and the resulting solutions are readily computed to be: 

A = (1—0.8 + 0.3) 140—20 = 50 

E = 50 + (0.8) 140 - 162 
M = (0.3) 140 = 42 
D = 42—20 = 22. 

The key result provided by the analyst is of course the 
solution to (6) which informs the policy-maker of the value 
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The economist's role in policy formation 

of the instrument required to achieve the fixed target. Indeed 
(6) can be used not only to obtain such a one-shot answer, 
but also to provide a general expression for the relation be
tween ends and means in the present context. That is, it may 
be read as expressing A as a function of Y, assuming β, μ, 
and X are given. This expression — perhaps presented graph
ically as in Figure l1—will be of value if the policy-maker 
has second thoughts about the desired level of Y. In partic
ular, it indicates that every unit increase in Y would re
quire a (1—β+μ) increase in A. 

4. FLEXIBLE TARGETS 

To be sure, the other components of the solution may also 
be of interest to the policy-maker. In particular suppose that 
he again expresses dissatisfaction — this time because the 
level of the balance-of-payments deficit D associated with the 
achievement of the target Y by use of the instrument A, is 
considered undesirably high. The economist's contribution 
has been to call attention to the subsidiary consequences of 
a policy. Suppose, in fact, that the policy-maker now recog
nizes that he is really interested in both Y and D although 
he is unable to state in advance his relative preferences be
tween these two target variables. 

On the assumption that A remains the only available in
strument, the economist may now return to the structural 
model with β, μ, and X as the data. With four equations 
and five unknowns A, Y, E, M, and D, the «solution» now 
contains one degree of freedom. The key result is clearly 
the constraint imposed on values of Y and D, obtained by 
combining (3) and (4) : 

1. This figure, like those which follow, is drawn to the scale of the 
numerical example for the sake of concreteness. 
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The economist's role in policy formation 

Figure 1 

RELATIONSHIP OF MEANS TO ENDS! 

FIXED TARGET Y ; INSTRUMENT A 

- i — > 
IfcO γ " 

(7) D μΥ—X. 

With μ and X being data, this defines the possible combin
ations of Y and D. Once the desired point is selected — by 
a choice of Y, D, or perhaps their ratio — (7) is solved and 
then the solution values of A, E, and M may be most readily 
computed from (6), (2), and (3) respectively. 

For the numerical example, the data for this two-flexible-
targets — one-instrument problem are 

β = 0.8 μ = 0.3 Χ = 20; 

so that the resulting «solutions» are expressed as 

D = 0.3 Y—20 

A = (1—0.8 + 0.3) Y—20 =0.5Y—20 
E = (0.5 Y—20) +0.8 Y = 1 . 3 Y—20 
M = 0.3 Y. 
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The economist's role in policy formation 

Thus the economist is no longer able to provide a full 
solution to the policy problem — the policy-maker is still 

Figure 2 
POSSIBILITY L I N E : 

FLEXIBLE TARGETS Y, D ! INSTRUMENT A 

80 

free to choose among the possible combinations of Y and D 
permitted by (7). Still, what he has done is to narrow down 
the range of possibilities, so that the policy-maker is required 
to express preferences only over a limited set rather than over 
all conceivable combinations of Y and D. The importance 
of such a contribution should not be underestimated in real
istic settings where there are in fact a large number of target 
variables of interest to the policy-maker. 
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The economist's role in policy formation 

Graphically, the key result would take the form of the 
possibility line of Figure 2. The policy-maker must express 
preference only along this line, rather than across the whole 

D, Y plane. A key feature of the line is its slope -^ = μ 

which gives the possibility trade-off rate between D and Y. 

5. NEW INSTRUMENTS 

Still the policy-maker may not be content with this possi
bility line, feeling that the values of D associated with var
ious values of Y are undesirably high. He is naturally attract
ed to the portion of the D, Y plane which lies below that 
possibility line — that is, which associates lower values of D 
^with each value of Y. At this point, the economist may point 
out the constraining role played by μ and X. We suppose 
that upon reconsideration the policy-maker realizes that, by 
various measures, he is able to exercise control over X as 
well as A, so that both of these variables are in fact available 
as instruments. 

The economist is then led to return to the structural model 
with only β and μ as data. With four equations and six 
unknowns A, Y, E, M, D, and X, his «solution» now contains 
two degrees of freedom. The key result is the constraint im
posed on values of Y, D, and X, which may be expressed as 
(7) or more conveniently by 

(8) μΥ—D = X . 

With μ being the only datum now, this defines the possible 
combinations of Y, D, and X. Once the desired point is 
selected — say by a choice of Y and D — (8) is solved and 
then the solution values of A, E, and M may be most readily 
computed from (6), (2), and (3) respectively. 
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The economist's role in policy formation 

For the numerical example, the data for this two-flexible-
targets— two-instruments problem are 

β = 0.8 μ = 0.3; 

so that the resulting «solutions» are expressed as 

X = 0.3 Y—D 
A = (1—0.8 + 0.3) Υ—X = 0.5 Υ—X 
E = 0.5 Υ — Χ + 0.8 Y = 1.3 Y—Χ 
M = 0.3 Y. 

Once again the economist is unable to provide a full so
lution to the policy problem — the policy-maker being free 
to choose among the possible combinations of Y, D, and X 
permitted by (8). The economist's contribution has been to 
call attention to the bottlenecks which stand in the way of 
attainment of objectives and, by so doing, to point the way 
to overcoming them. The importance of such a contribution 
should not be underestimated in realistic settings where the 
economic structure is highly complex. 

Graphically, the key result would take the form of a possi
bility surface whose contours are plotted in Figure 3. The 
contours correspond to different values of X, the solid one 
corresponding to the X of Section 4, the ones below it to 
higher values of X. A key feature of the surface would be 
its partial slopes 

dY 
dX 

D constant 

- 1 A d O 

= «* a n d äx 
= - 1 

Y constant 

which effectively value the instrument X in terms of the 
targets Y and D respectively: a unit increase in X can raise Y 
by μ - 1 with no change in D, or lower D by 1 with no 
change in Y. 

2 4 -



The economist's role in policy formation 

Figure 3 
POSSIBILITY SURFACE: 

FLEXIBLE TARGETS Y, D ; INSTRUMENTS A, X 

6. WELFARE FUNCTION 

Although we are concerned with emphasizing the various 
partial contributions of the economic analyst to policy form
ation, to round off the discussion we may recall how the 
existence of additional information can lead to a complete 
resolution of the choice problem. 

Returning to the situation of Section 4 where A is the 
only instrument and Y and D the targets, we now suppose 
that the policy-maker is able to express his preferences be
tween Y and D in terms of a welfare function. In particular 
we suppose that he wishes to maximize 
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T h e economist's role in policy formation 

(9) W = aY—D2 

where of>0. The relevant constraint is that of (7), which in
serted into (9) gives 

(10) W = αΥ—(μΥ—X)2 

which is to be maximized with respect to Y. Differentiating 
with respect to Y we have 

dW 
(11) ™- = α - 2 μ ( μ Υ - Χ ) , 

which set equal to zero gives 

(That this is indeed a maximum is confirmed by the sign of 
dW2 

-j%y — —2 μ2, which is negative for μ">·0.) The solutions 
for the remaining variables A, E, M, and D may then be 
readily obtained from (6), (2), (3), and (4) respectively. 

For the numerical example we suppose that the welfare 
function is W = 1 2 Y—D2, so that the data for this maxi
mization problem are 

" / J = 0 . 8 μ = 0 . 3 X = 2 0 α = 12, 

and the resulting solutions are readily computed to be 

Y 1 2 | 2 0 _ , Q O 

, :• 2(0.3)2~^0.3 
A = (1—0.8 + 0.3) 133—20 = . 47 

. . v E =47+.(0.8) 133 = 153 
M = (0.3) 133 = 40 
D = 40—20 = 20. 
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The economist's role in policy formation 

Graphically, the key result would, as in Figure 4, take 
the form of superimposing the welfare contours on the possi
bility line of Figure 2 and locating the point of tangency. 

Figure 4 

WELFARE MAXIMIZATION 

A key feature of the welfare function is the marginal rate of 
substitution between D and Y with W constant, 

dD 
dY 2D 

W constant 

which gives the welfare trade-off rate between D and Y. 
The solution point is characterized by the fact that it equates 
this desirability trade-off with the possibility trade-off, μ, noted 
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in Section 4: at the Y of (12) we have D = μΥ—X = 

μ (s—„ -f )—Χ = s-, which indeed satisfies 7 ^ = μ. 
ζμ^ μ Ζ\χ l u 

7. CONCLUSION 

As our idealized example has indicated, there are various 
components to the contribution of economic analysis to eco
nomic policy. The nature and extent of the contribution, as 
we have seen, depends in good part on the data made avail
able by the policy-maker. When his preferences are expressed 
in a well-defined welfare function, then economic analysis 
can solve the full optimization problem. To be sure, this 
is rarely the case. «But, nevertheless, analysis can make some 
important contributions. It can... help to judge the consis
tency of the aims assumed, and of the aims and means as 
a combination... By detecting inconsistencies it may... narrow 
down the possibilities and so contribute to the solution». — 
Tinbergen [4, p. 9]. 

Despite the interplay between the analyst and the policy
maker it is important to emphasize the distinction between 
their roles. Essentially, in terms of Figure 4, the script makes 
the analyst responsible for the possibility line and the policy
maker responsible for the welfare contours. A blurring of 
this distinction is likely to result in irrational policy formation 
and is virtually certain to make intelligent discussion and 
evaluation of policy actions impossible. 

For detailed discussion of the subjects merely suggested in 
this paper, reference should be made to the works of Tinbergen 
[3], [ 4 ] a n d T h e i l [ l ] , [2]. 
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1. INTRODUCTION 

We used to say that our generation is living in the «atomic 
age». Currently it is more fashionable to speak of the «space 
age» or the «communications age». In my view these terms 
merely describe the superficial technical manifestations of the 
truly fundamental driving force of our time: knowledge. 
Surely this is the age in which knowledge, above all, is eagerly 
sought, analyzed, disseminated and applied. 

This spirit of our time has brought about a remarkable 
expansion in the volume of organized information that is 
placed at the disposal of decision-makers, before they embark 
upon important courses of action, be they economic, techni
cal, political or military. Arrayed on the information-seeking 
side are the international agencies, practically all governments 
and many private organizations. The information suppliers 
are civil servants, consultants, universities, research organi
zations and scientists of all descriptions (including planners). 
Quite prominent in the socio-economic sphere, is the pro
fessional advice that is continuously being given to public 
and private decision-makers on contemplated major re
source commitments. The range of problems that are being 
tackled all over the world is astounding : expansion of a sec
ondary school system; an anti-malaria campaign; modern
ization of a plant; new market outlets for citrus fruit; the 
best location for a new industry ; design of a supersonic air
craft; urban renewal; conversion of sea water into fresh water. 

What contribution can the economist make to such a bewil
dering variety of issues ? The scope is great : any action that 
generates recognizable input (resource sacrifice, cost) as well 
as output (revenue, benefit) streams, lends itself to economic 
analysis. Basically, means-ends comparisons are involved. For con-

3 
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venience, one may define the smallest discrete unit of deci
sion-making that has these characteristics as a project. Physi
cal sizes and technical properties are irrelevant; investment 
in a $100 million industrial complex or a $500 equipment 
purchase can both be regarded as projects. Of course, anal
yses themselves consume resources, so there are certain prac
tical limits to their usefulness. 

There, at the lowest or microeconomic level the informa
tion supply relates to proposed projects. The «bundles of know
ledge» on them that pass from the information suppliers to 
the information seekers, typically in well-documented, confi
dential report form, come under the trade names of «techni
cal and economic feasibility study», «benefit-cost analysis», 
«project appraisal», «pre-investment survey», «engineering-
economy review» and the like. Intellectually, they belong to 
the species investment analysis. The present paper will primarily 
discuss these basic analytical building blocks. 

At the other end of the scale, the macroeconomic level, 
much research and advice will go into the preparation of 
social and economic development plans for entire regions or nations. 
Such plans ideally embrace all projects in all sectors, the 
public as well as the private, with the time horizon for anal
ysis and action programs usually extending to at least five 
years. There are difficulties of making the individual project 
building blocks fit this comprehensive macroeconomic frame
work and vice versa. Other contributions to this volume de
velop this theme further. 

As one who has had some exposure to both the practical 
and the theoretical side of project planning, I am impressed 
by the contributions economists can make. Pressing problems 
cry out for rational solutions everywhere. However, certain 
antiquated dogmas must be discarded, fresh ideas must take 
their place, and the quality level of field work — unnecessar
ily low in many instances — must be raised. 
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The present paper can be no more than a brief, superficial 
introduction to the fascinating field of project and investment 
planning. Interested readers should refer to additional sources 
suggested at the end. 

2. FUNDAMENTALS OF PROJECT ANALYSIS 

2.1 ANALYTICAL BOUNDARIES 

At the outset, the true scope of decision-making powers 
and hence of the analyses must be clearly defined. This is 
a most important first step, regretfully often overlooked in 
field work. Boundaries are formed by: 

(1) Geographic and jurisdictional limitations (the nation? 
one region? one industry or government department?). 

(2) In the social-economic dimension, by the groups of 
people and economic entities of concern (entire community ? 
owners and management of just one company? all farmers?). 

(3) In the time dimension, by the intertemporal scope of 
the decision maker (to include only people living now? also 
their children? generations as yet unborn?). This boundary 
definition alone raises profound ethical issues. 

(4) By the decision maker's action range and instruments 
(what are his legal powers? fiscal? financial? managerial? 
regulatory ?). 

In economic development and public sector work, these 
boundaries will usually include all social groups within a 
nation, the time horizon will stretch far into the future, and 
the arsenal of action instruments at the disposal of the de
cision-maker will be quite impressive.1 As the focus of deci-

1. A comprehensive listing of policy instruments for economic devel
opment can be found in an important article by Hollis B. Ghenery [3]. 
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sion-making power is lowered from the national level to the 
government department, sector, industry or firm, the ana
lytical scope correspondingly shrinks. Any a priori notion that 
one particular analytical domain, for example that of the 
private firm, is superior to all others and must therefore 
serve as the master economic model, must be rejected. 

As a practical result, whatever falls outside the decision
making scope defined in these ways, is external to the anal
ysis and hence irrelevant. And whatever falls inside is internal, 
hence relevant, and must be considered. In my opinion this 
plain, common-sense working rule renders the large and con
fusing literature on «external and internal economies and 
diseconomies» plus related peculiar terms such as «pecuniary 
internal diseconomies», «spill-over costs», «induced benefits», 
«ofF-site gains» and the like, completely redundant. This is 
not the place to criticize these concepts again in detail [8, 
especially pp. 7 - 3 1 and 179-186] . But in a nutshell, it 
seems that past scholars arbitrarily started off from static 
models of minute economic units engaged in perfectly com
petitive, instantaneous adjustments. They thus created the 
awkward externalities themselves by their twin failure: (a) 
in a static world, to make the economic analysis and deci
sion unit large enough; (b) in a dynamic world, to extend 
the time horizon far enough into the future [15]. Such 
slipshod definitional work cannot be tolerated in project anal
ysis. 

To conclude, defining the analytical boundaries is a most 
important first task. Externalities are nothing bu t symptoms 
of an unduly restricted framework. They are signals that the 
system of inter-relationships to be investigated and the de
cision-making scope must be widened. Externalities, of what
ever type, are therefore redundant concepts. 
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2.2 ORIENTATION TOWARDS THE FUTURE 

Project analyses are meant to provide guidance for deci
sion-making. They are consequently exclusively oriented to
wards the future. For a decision once irrevocably made is 
past history — dead, irrelevant, and simply taken as granted 
for the next round of analyses and decisions. Jevon's dictum 
«bygones are bygones» indeed applies. Technically, already 
committed resources no longer represent opportunity costs 
— a most important economic concept — and are ignored. 

Figure 1 represents an effective way of looking at past 
and future, means and ends, and serves to conveniently por
tray complex economic patterns. Zero defines the analytical 
starting point; the world around taken as given, no resource 
commitments as yet, the date set at exactly the contemplated 
action time. Along the horizontal time axis everything to the 
left of the origin is irrelevant past ; to the right potential fu
ture events are faithfully recorded. By convention, benefits 
and costs — measured in some meaningful way — are shown 
upwards and downwards, again starting from zero. Of course, 
in the case of predictably repetitious series, the past may in
deed have a message for the future and should then be in
cluded in such a time chart. 

2.3 ACTION ORIENTATION 

Having taken stock of action instruments and action range, 
the only meaningful test of any proposed means-ends chain 
is simply operational effectiveness: will it work as specified? 
This is a most refreshing feature. I t quite properly forces the 
economist in his work «to put up or shut up». For example, 
general complaints about the alleged inefficiency of govern
mental institutions in country A, or the supposed laziness 
and greed of the trade unionists in industry B, or the hopeless 
ignorance of management in sector C, are just empty talk. 

- 37 



Projects, plans and investment decisions: The economist's contribution 

Figure 1 
BASIC PORTRAYAL SCHEME FOR PROJECT ANALYSIS 
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Vague dissatisfaction does not constitute a legitimate analyt
ical problem which implies remedial action possibilities. I t 
is the task of the analyst to come up with definite means-
ends recommendations, for instance, administrative reforms 
in the first case, progressive labor incentive schemes in the 
second, and a management training program in the third. 

Another important consequence of the operational effect
iveness criterion is the need to consider analytically any 
suitable action, however unorthodox. Here the analyst must 
have the mental agility to look beyond his own professional 
bailiwick, perhaps by bringing in other talent. Many times 
have I seen highway specialists come up over and over again 
with nothing bu t highway investment solutions to the most 
diverse urban, locational and transport problems. Likewise 
there are economists who never progress beyond the incredibly 
naive «marginal cost must equal marginal revenue» answer 
to all of mankind's ills. 

Fortunately, the growing recognition of operations research, 
a field that brings many different scientific disciplines to 
bear upon real life problems, has had a liberating effect upon 
professional thought processes. In project analysis a compre
hensive systems approach must be adopted, with the criterion 
simply being the effectiveness of means in relation to ends. 
Thus the raising of incomes in a depressed farming area, as 
a specific ethical end, may be accomplished in any of these 
ways, singly and in combination: new harbor, better high
ways, more trucks hence lower rates, irrigation scheme, co
operative storage and marketing arrangements, agricultural 
credit, direct government subsidies, tax concessions, teaching 
of new cultivation methods through extension programs, 
strengthening of local government, and so on and so forth. 
The real limitations to action are only too often imposed 
by the decision makers' and analysts' lack of imagination, 
and not by natural conditions. 
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2.4 T H E ESSENTIAL ELEMENT OF CHOICE 

Choice is absolutely fundamental to project analysis. In 
the presentation to the decision maker there must always be 
evidence on various courses of action among which he can 
choose, all designed to achieve the desired end. In fact, a 
«no alternative» proposal is not a reasoned recommendation 
— it is an ultimatum. 

It is important to note that the economist, in putting down 
«costs», is compelled anyway to consider alternative forms 
of resource commitment. For the true costs of one course of 
action — opportunity costs — are the benefits foregone from 
the next best source of action. Traditionally, the enjoyment 
one could have obtained from many different things in the 
market — appraised by the price yardstick — is taken as a 
measure of cost. Thus the cost of one dollar simply implies 
ten newspapers, five ice-creams, two units of electricity, and 
so on. «Numerous» alternative consumption offers, made 
under specified competitive conditions, are necessary to give 
the statement «cost of one dollar» some meaning. 

In many situations, especially in public sector and develop
ment work, perfect market conditions will not apply and the 
automatic registration of cost figures is not possible. Then 
the analyst has to generate his own, namely by synthetically 
designing meaningful alternatives. Thus the true cost of the 
social welfare scheme may, in essence, be the university ex
pansion program foregone. Often the analyst may have to 
work with several economic, financial, social, political and 
ethical value dimensions simultaneously — an intellectually 
demanding feature of modern public sector studies. 

It is axiomatic that the quality of decisions goes up with 
the number of alternatives that are available to the decision 
maker. But analytical blueprints for choice, and even the 
exercise of choice, cost time and resources. It has shrewdly 
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been observed that even use of the competitive market is 
far from costless [5]. How many potential choices are then, 
in practice, necessary to guarantee a good decision? It seems 
to me that at least three — of which the «do nothing» altern
ative is one — is the bare minimum for sensible decisi
ons. 

This «leave the present situations» option — the zero point 
in Figure 1 — can serve as the «before» of «before and after» 
or the «without» of «with and without» comparisons. 

Unfortunately, in field work one often sees «all or nothing» 
proposals that permit no comparisons, no action leeway to 
the policy makers. The latter are often to blame themselves 
for writing terms of reference for the advisors in such a way 
that many good alternatives are eliminated from the start. 
A recent case I am familiar with involved the transport prob
lems of two areas separated by a narrow body of water. 
Sensible instructions to the engineering and economic con
sultants would have been: «Investigate the best means of 
moving people and goods between the two areas». Instead, 
the experts were asked just to study a bridge solution, thereby 
needlessly excluding ferries, tunnels, causeways, floating pon
toons — or perhaps flying saucers for all the decision maker 
should care at that stage. 

In fact, it is usually possible for analysts to come up with 
a respectable number of alternative solutions, including sec
ondary design and location variations. Pierre Massé, for 
example, describes a model for choosing from thirteen different 
electric power plants —thermal, hydro, gas turbine, tidal 
power, etc. — certainly a rich selection [ 12, pp. 148 - 197]. A 
development study in which I participated [16] offered 
for its main action proposal, a $25 million road project, a 
total of eight alternatives, resulting from five location choices 
and several engineering design and construction options. 
Further subvariations involving the time dimension through 
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project postponement or advancement, are also always possible 
as we shall see. Options are not scarce commodity in this 
business.1 

2.5 THE ENDS 

What is the end purpose of these elaborate exercises in 
analysis, decision-making and resource commitment? There 
is agreement that they must somehow result in a recogniz
able improvement of society's well-being. But from that point 
on the discussion gets murky. What do we mean by improve
ment? Must everybody be better off? Can there be some 
losers, provided they are outweighted by the gainers? Are 
all members of society to be included, no matter what their 
initial status ? Must the rich, for example, invariably be made 
richer? And how do we interpret welfare? In the psychic 
sense? Are psychic sensations measurable? Are interpersonal 
comparisons in this sphere possible? 

These formidable questions have agitated many fine think
ers for decades. Originally it was thought that the yardstick 
of money income, for individuals as well as for nations, could 
serve as a proxy for the recording of private and social bliss 
sensations. But then, after unsuccessful wanderings through 
the intellectual maze of so-called «welfare economics», it 
was recognized that the distribution of income among mem
bers of society — and, one may add, among this generation 
and succeeding ones — definitely required ethical judgments. 
As one writer put it: «It is not enough to find quantitative 
expressions for [ economic ] policy standards — the standards 
themselves must be ethically attractive» [2]. As a further 
difficulty, how was one to account for the flow of bliss and 
anti-bliss sensations that simply did not generate any money 

1. The paper by Professor Goldberger in this series further discusses 
the importance of choices within the macroeconomic setting. 
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price signals in the market? What about air pollution, for 
example ? Or leisure ? Or opportunities for creative activities ? 
Or the supply of sunshine and fine beaches ? Other technical 
flaws in GNP and money income statistics, as standards of 
international and interpersonal welfare comparisons, were 
noted [19] [1]. 

Today the earlier, heavily money-oriented views have large
ly been abandoned. Those who still cling to them may ask 
themselves whether money income is the only, or even the 
most important welfare factor in their own lives. Or to bring 
international per capita income comparisons into perspective, 
they may estimate how much additional income would in
duce them to move permanently from, say, the shores of the 
Mediterranean to some northern metropolitan slum set among 
belching smokestacks. 

In recent years much of the intellectual steam has thus 
gone out of unadulterated «GNP growthmanship». The 
modern view still regards money income as an important success 
indicator, but insists that it must be supplemented by many 
other ethical and social criteria. With it has come great inter
est in all the diverse objectives society might pursue apart 
from money income maximization, ranging from the collec
tive wish to extend average life expectancy, through the in
tention to give everybody a better education, to the desire 
to render foreign aid to less fortunate people elsewhere [14] . 

This brings us back, full cycle, to the question of means-
ends comparisons which are the essence of project research 
and economic development planning. Meaningful analyses 
of this sort simply cannot be undertaken by economists and 
technicians without prior instructions on the ultimate objec
tives that are to be attained. Properly stated objectives are 
indispensable for the determination of operational goals and 
constraints, for measurement operations (especially on the 
benefit side) and for the application of preference ordering 
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and related decision rules. Of course, decision makers may 
often find it difficult at the outset to formulate goals precise
ly without knowledge of the potential courses of action. 
Here the analyst may become the economic psychiatrist of 
the subconscious collective mind, by exposing clearly the 
various «trade-offs», for example between higher money in
comes, military preparedness, educational achievements and 
social welfare standards. 

2.6 CONCLUSION 

It is now generally agreed that economics by itself cannot 
generate policy standards. But economic analysts can make 
a great contribution by giving decision makers evidence on 
the means-ends consequences of alternative courses of action. 
This enables decision makers to arrive at rational choices, 
that is, informed choices. While policy decisions are ultimate
ly based on ethical and other values held by society and 
its representatives, the rendering of information as such can 
be regarded as an unequivocal ethical «good» [4] ) . 

3. C H I E F ELEMENTS O F INVESTMENT ANALYSIS 

It is difficult to derive from such rather lofty considerations 
definite and down-to-earth working rules for project plan
ning. Elsewhere I have attempted to treat more fully the in
tellectual system within which analysts and planners function 
[9, especially Ch. V I ] . Here I can do no more than just 
mention the chief analytical components and their inter
relationships. The discussion refers to Table 1. Arrows shown 
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there indicate a progressive broadening of the intellectual 
vista. 

3.1 DEFINITION STEPS IN INVESTMENT ANALYSIS 

We have already mentioned the importance of properly 
determining the analytical boundaries of the problem in 
hand. Dimensions to be considered are the geographic and 
jurisdictional limits, social and economic spheres, the time 
horizon, and the action range and instruments. Likewise, the 
size elements must be chosen with care. As shown in the left-
hand column of Table 1, we have to ask ourselves whether 
we are dealing with just the individual project (production 
process, single enterprise), a project bundle (network, system, 
industry, sector) or with the entire economy. 

Taking an extremely restricted view in all these respects 
we might gear our analyses to just the short-run interests of 
the shareholders of one company in one little area, using 
price-output variations only as our potential action tools. 
Conversely, adopting a comprehensive planning view, we 
might study the application of a wide variety of policy in
struments to promote the public interest in an entire region 
or nation in the long run. Obviously these two analytical 
approaches are worlds apart. Yet they follow merely defini-
tionally. 

3.2 INVENTORY OF MEANS, ENVIRONMENTAL FACTORS 

The resource endowment inventory should be broadly 
undertaken to include human (manpower, skills), natural 
(climate, geography, soils) and material (production means, 
stocks) assets. Under the heading of supply, possible technical 
transformations, production functions, costs and quantities of 
inputs, as well as other relevant engineering-economic factors 
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should be determined. The category of demand would cover 
behavioral aspects, market research, consumers' attitudes and 
the like. Also, the given institutional factors are important, 
including their political, legal and organizational aspects. 

It is easy to see that the definitional steps must precede the 
inventory of means and environmental constraints. We must 
know whose resource endowment, supply and institutional 
factors can be utilized within what demand sphere. 

3.3 CLARIFICATION OF ENDS (OBJECTIVES, TARGETS) 

Gallant but unsuccessful attempts have been made in the 
economic literature, under the name of welfare economics, 
to construct ethically neutral precepts for economic actions. 
Economic welfare functions based on money incomes convey 
individuals' or community's overall well-being only partially, 
but can be useful if supplemented by other criteria. Social 
welfare functions would include both economic-material and 
othersocial success indices. They are often employed as a catch-
phrase for discussion purposes, but cannot be made operation
al without further criteria which are ethical in character. 
Outright specification of goals by decision makers is a bolder, 
more useful approach than the previous ones, but the prob
lems of society's value formation still have to be solved. 
Most promising is the contemporary shift away from absolute 
a priori objective criteria and the increasing emphasis upon 
value formation processes. Scientific information and choice 
among meaningful alternative courses of action is essential 
to rational decision-making. Knowledge per se can be 
regarded as an unequivocal ethical «good». This is the moral 
basis for scientific-analytical work. 

Again, one must be clear from the outset whose means are 
to be employed to further whose ends. 
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3.4 CHOICE AND OPTIMAL RESOURCE ALLOCATION 

These central concepts of investment planning enter into 
all analytical phases. The crucial ideal of «optimum» must be 
brought to life through conscientious comparisons of causes 
and consequences of various alternative courses of action. The 
quality of the «optimum» we are striving for is obviously re
lated to the number of alternatives considered. But how many 
comparisons, which themselves consume resources, should 
in practice be carried out ? At one end of the scale we observe 
in many field studies insufficient, crude «do or do not» choices. 
These are really ultimatums of no use to decision makers. 
In the intermediate range there are two potential action 
alternatives plus the «do not» option — the suggested mini
mum for sensible decision-making. The so-called perfectly 
competitive model in economics lavishly visualizes «num
erous» comparisons in the market place, making it the decision 
maker's dream. But unfortunately this model possesses many 
theoretical and practical defects (see Table 2). 

3.5 MEASUREMENT OPERATIONS 

The dichotomy of inputs (costs, means) and outputs (bene
fits, ends) is the basis of economic measurement. The power
ful principle of «opportunity cost» applies, that is to say, 
the cost of anything is the value of the best alternative 
foregone. This provides the intellectual link between measure
ment and the important ideas of optimal choice and value 
formation (see above). The opportunity cost concept is 
equally applicable to market values (money revenues and 
costs) and to all other social values. For example, the oppor
tunity cost of an irrigation scheme may be estimated at $1 
million. But it may also be expressed as the hospital expansion 
project foregone. Economists speak of «trade-offs» when there 
are other value scales besides the monetary one. 
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We may distinguish these sets of values in project planning 
(see bottom row of Table 1 ) : 

(1) Market (Monetary) Values: These represent a sub-set of 
society's total values. The requisite market price signals are 
often distorted or not generated at all. Therefore corrections 
or calculations of synthetic values (shadow and accounting 
prices) become necessary. This is a controversial topic in 
its own right. The science fictions of the «economic man», 
the profit-maximizing entrepreneur and the perfectly com
petitive firm belong to the realm of money price and market 
values. 

(2) Comprehensive Sets of Social and Economic Values: These 
incorporate ethical, political, historical, aesthetic, religious 
and other dimensions of human significance. Typical national 
values are internal and external security, income equity, 
distinctive national culture, social services, public health. 
Such real-life economic decision-making units as the family, 
community, nation, public enterprises and the modern, 
socially responsible private firm operate in the broader social 
value sphere. 

As far as validation of measurement is concerned, econo
mists have in the past strongly relied on a transaction theory of 
value, represented by the perfect competition perfect market 
place model. In this model, money transactions are taken to 
represent valid economic votes, provided they are cast in 
large numbers under specified rigorous conditions. The trans
action theory is basically static and excludes social values. 
Much more promising, in my view, are choice theories of 
values as represented by modern planning and decision-making 
models. Here the emphasis is on potential alternative courses 
of action and on the necessary information processes. Dynamic 
features and social values can be incorporated. 
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TABLE^l 

APPLICATION OF DECISION CRITERIA 

Size Elements 
(See item 3.1 in text) 

ejects 

ograms, 
items, 
tworks 

:onomy, 
itional Plaxi 

Possible Success Indices 
(See item 3.3 in text) 

Net revenue maximiza 
tion 
Maximization of benefit 
cost ratio 

A. For Single Projects 

Simple goal achievement 

Cost minimization, re
quirement approach 
Output or benefit maxi
mization 
Maximization of net so
cial and economic bene
fits 

B. For Project Bundles or Systems 

Net revenue maximiza
tion for project bundle 

(Examine all project com
binations; test interdepen-
dencies) 

Maximization of net so
cial and economic bene
fits for project bundle 

(Examine all project com
binations; test interdepen-
dencies) 

C. For the Economy as a Whole 

Maximization of net 
money income growth 

(Test combinations and in-
terdependencies) 
Comparisons of potential 
GNP's 

Maximization of net so
cial and economic bene
fits, subject to achieve
ment of society's multi
dimensional goals 

Comparisons of potential 
«states», as described by 
Social and Economic Plan
ning Accounts 

easurement operations 
(See item 3.5 in text) 

Market value subsystem Comprehensive set of so
cial and economic values 

4 
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3.6 O T H E R IMPORTANT ANALYTICAL DIMENSIONS 

Throughout project planning, two important analytical 
dimensions apply. The first is time dimension: depending on 
the selected horizon (see above), time subscripts have to be 
attached to all input and output values. The second is space 
dimension: similarly depending on the analytical boundaries 
defined initially, locational subscripts must be added through
out. This is very important for analyses of transportation, 
communications, location of social and economic activity, re
gional income distribution problems. 

3.7 APPLICATION OF DECISION CRITERIA 

This constitutes the final phase of investment analysis, just 
prior to submission of policy recommendations to decision 
makers. Success indices are generated by interactions between 
all of the preceding analytical elements — they do not arise 
spontaneously. Table 1 maps the decision criteria commonly 
employed in field work. We are still a long way from the 
infallible decision guide that would be applicable in all situ
ations. The «Social and Economic Planning Accounts», 
listed in the bottom right-hand corner, may become useful 
analytical devices for modern comprehensive investment 
planning. They are described elsewhere in detail [9, Ch. 
V I I ] . 
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4. TREATMENT OF ANALYTICAL ELEMENT: TWO 
ILLUSTRATIONS 

The ideas discussed above can be made clearer by illustra
tions. Table 2 summarizes the possible analytical treatment 
of two polar cases : the private firm under perfect competition 
in traditional economic theory; and an integrated develop
ment effort in a backward area, somewhere in the world, 
perhaps consisting of transport, agriculture, housing and so
cial rehabilitation projects put together in an action bundle. 

This juxtaposition speaks largely for itself. What are really 
astonishing are the great differences between these two «mo
dels» in practically every respect. It is plain that the traditional 
theories of the private firm are hopelessly inadequate for in
vestment planning and economic development work. Of 
course, to deride the static, perfectly competitive market 
model is a popular sport among economists these days. So why 
do it again here ? The answer is that many practitioners, and 
even quite a number of theorists, seriously believe in the per
fectly competitive scheme for development purposes. They 
may not claim that it can actually be achieved in any given 
situation, but they use it at least as an analytical bench 
mark, as a goal towards which one must strive in policy 
and research. In my experience the practical results are in
variably very poor: misleading advice is offered, unproduct
ive investments are proposed, unsuitable policies are sug
gested. Such outdated intellectual apparatus should no longer 
be tolerated. 

5. APPLICATIONS OF INVESTMENT THEORY 

Within a properly determined framework of definitions, 
objectives, measurement operations and decision criteria, the 
economic analyst can indeed make worth-while contributions 
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TABLE 2 
ECONOMIC MODEL OF THE FIRM VERSUS INTEGRATED DEVELOPMENT PROGRAM : 

ILLUSTRATION OF DIFFERENT ANALYTICAL TREATMENT 

Model of Private Firm Under 
Perfect Competition 

Integrated Development Effort : 
Transport, Agriculture, Housing, 
Social Rehabilitation Projects 

for Backward Area 

A. Definitional steps 

1. Analytical bound-

(a) Geographical, 
jurisdictional 

(b) Social and eco
nomic limits 

(c) Time horizon 

(d) Action range 
and instruments 

2. Choice of size ele
ments 

B. Inventory of means, 
environmental factors 

1. Resource endow
ment 

2. Supply 

Extent of market: 
Corporate Law. 

within 

Owner-entrepreneur only, 

111 defined in traditional 
model. Instantaneous pro 
cesses (price-quantity ad 
justments) predominate. 

Heavy emphasis on prie 
ing, market entry and exit, 
purchasing of factors of 
production. 

Rather rigidly defined 
«firm» (not the process 
within the firm, and not 
the industry, sector or eco
nomy) . 

This set of restrictions 
is usually not brought into 
the model. 

Production functions are 
assumed. Emphasis on 
price-cost-quantity rela
tionships. Basically static 
approach. 

Area economy: full extent 
of private and government
al authority. 

Public interest : analysis 
concerned with all social 
and economic groups. 

Determined by effective
ness of action instruments. 
Probably at least ten years. 

Very wide range of action 
possibilities. 

Analysis encompasses pro
jects, development pro
grams and plans for eco
nomy at large. 

Important set of restric-. 
tions in model; to be em
pirically determined. 

Emphasis on engineering 
and technical transforma
tion functions, cost forecast
ing, empirical research. 
Technical progress can be 
incorporated. 
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TABLE 2 
ECONOMIC MODEL OF THE FIRM VERSUS INTEGRATED DEVELOPMENT PROGRAM : 

ILLUSTRATION OF DIFFERENT ANALYTICAL TREATMENT ( C o n t . ) 

Mode l of Private Firm Under 
Perfect Competition 

Integrated Development Effort: 
Transport, Agriculture, Housing, 
Social Rehabilitation Projects 

for Backward Area 

3. Demand Different demand sched- Emphasis on empirical re-
ules are assumed (elastic, search, forecasting and 

4. Institutional factors 

Ü. Clarification of ends 
(objectives, targets, 
constraints) 

). Choice: optimal re
source allocation 

inelastic) and are tested in 
the model. Heavy emphasis 
on price-quantity relation
ships. 

Usually ignored. 

Money profit maximiza
tion. All other considera
tions extraneous to model. 

«Numerous» comparisons 
in market. Rigid specifi
cations for «perfect compe
tition» (many buyers and 
sellers ; homogeneous good ; 
perfect knowledge; free 
market entry and egress; 
ceteris paribus applies for 
each transaction). 

Confined to market (mo
ney) subset of society's 
total system of values. 
Fundamentally a transac
tion theory of value. Single 
scale of values. 

F. Application of decision Maximization of net mo-
criteria ney profit for firm. Every

thing else regarded «exter
nal» to firm, or «intan
gible» (not measurable in 
money terms) and there
fore ignored. Single max-
imand (or minimand). 

Measurement opera
tions 

planned «needs» for goods 
and services. Demand may 
be manipulated in model; 
may become policy vari
able. 

Very important in the anal
ysis. 

Multiple social and eco
nomic goals. Several impor
tant constraints likely. 

No fixed rules, but rather 
limited number of compa
risons envisaged. Mini
mum of restrictive assump
tions. 

Attempts to encompass 
both market (monetary) 
and all other social values. 
Fundamentally a choice 
theory of value. 

Maximization of net social 
and economic benefits, sub
ject to achievement of so
ciety's multiple goals. No 
single maximand (or min
imand) . 
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TABLE 2 

ECONOMIC MODEL OF THE FIRM VERSUS INTEGRATED DEVELOPMENT PROGRAM : 

ILLUSTRATION OF DIFFERENT ANALYTICAL TREATMENT (CONT.) 

Model of Private Firm Under 
Perfect Competition 

Integrated Development Effort: 
Transport, Agriculture, Housing, 
Social Rehabilitation Projects 

for Backward Area 

G. Important analytical 
dimensions 

1. Time dimension 

2. Space dimension 

H. Main features of 
models 

Main message of mod
el for policy purposes 

Largely ignored. Dynamic 
properties of model are 
ill explored. 

«Friction of distance» (i.e. 
transport costs) seen as an 
awkward limitation to «per
fect market». 

Static : no time depth, spa 
ce largely assumed away, 
frictionless transactions 
and information processes 
are essential to the model. 
Numerous, most restrictive 
assumptions are made. In 
measurement and decision 
criteria, large portions of 
human endeavor and so
ciety's values are ignored 
Unclear why firm, just 
one economic action unit 
of several, is given such 
emphasis. 

Enforce atomistic compe
tition, promote perfect mar
kets. Desirable results will 
then follow automatically. 
Passive, laissez-faire in ba
sic outlook. 

Important analytical 
phases devoted to time 
dimension. 

Important aspect in com
prehensive development 
planning. Much empirical 
emphasis on transport, 
communications, location-
al and regional income dis
tribution aspects. 

Comparative static or dy
namic model (if dynamic 
problems can be intellect
ually mastered). Relies 
very heavily on conditions 
found in the real world. 
Employs minimum of α 
priori assumptions. At
tempts to incorporate all 
of society's value dimen
sions. Can deal with any or 
all economic action units. 

Completely policy and ac
tion oriented. Outlines pos
sible choices and resultant 
potential «states» of society 
and the economy. 
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to project and development planning. His key motto, as stressed 
several times before, is «presentation of evidence on the 
means-ends consequences of alternative courses of action to 
decision makers». 

Three types of investment problems have received much — 
and in my view, undue — prominence in the literature [10], 
[11, Ch.l] : 

(1) The Point-Input and Point-Output Case (Figure 2): Here 
the resource sacrifice is concentrated at one point of time, 
with consumption occuring subsequently also in one period. 
We may think of seeding, followed later by harvesting. There 
are two variations to the point-input point-output theme. In 
one the time interval between seed and harvest, i.e. the in
vestment period, is fixed. In the other version, the interval 
can be varied. Usual examples are trees that grow and wine 
that mellows in the barrel, with some discretion when consump
tion of wood or beverage may take place. 

(2 ) The Continuous-Input and Point- Output Case : One may think 
of raw materials that pass through various processes and 
eventually emerge as finished products which are then con
sumed all at once. Input timing· is usually assumed to be 
variable within limits. 

(3) The Point-Input and Continuous-Output Case: Here invest
ment is concentrated at a single point of time, whereas out
put is spaced over a more or less lengthy period. Machines 
which are put up once and then render service for a long 
time are supposed to represent this case. 

To comment, the first and third formulations seem rather 
contrived and out of touch with reality. They assume that 
production is timeless and costless after the first input dose. 
This is hard to believe: crops have to be watered until they 
are ripe ; in the mellowing of wine there is the continuing 
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Figure 2 
THE POINT - INPUT POINT - OUTPUT CASE IN INVESTMENT THEORY 

Harvest i ng 

Outputs 

Inputs 

Investment Period 
(fixed or variable) 

Seedi ng 
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cost for use of premises and barrels; and machines have to 
be provided with motive power and must be housed and 
maintained. These two problem formulations do not have 
much practical significance and even the second case is 
somewhat restrictively formulated. Surely in most investment 
decisions in the real world — machines, buildings, project, 
research and development programs — the analyst is con
fronted by continuous inputs generating continuous outputs. 

In my view a fourth case, continuous-input continuous-output, 

is of paramount practical interest. It is perhaps not surprising 
that it has not received much attention in the literature, for 
it is conceptually difficult and mathematically messy to handle. 
The case possesses a number of components — inputs and out
puts of various types and magnitudes, their respective timing, 
the length of the time span — which singly and in combination 
generate not just one but several investment planning issues. 
We may think of them as variations on the main theme of 
continuous-input continuous-output. 

These themes are explained with the aid of Figure 3. In 
this time graph initial costs are indicated by area A, continuing 
costs by Β and outputs by C. The usual distinctions made be
tween capital costs (expenditure on physically durable objects 
like machines and buildings) and operating and maintenance ex
penditures (wages, fuel) are economically meaningless and there
fore do not apply here. All that matters is when resource sacri
fices occur in a project's life history. 

Eight discussion topics hinging on continuous-input contin
uous-output configurations can be found in the literature: 

(1) Pay-Off, Capital Recovery Period, or Capital Turnover Rate 

Problems. Here the question is asked how long it takes to re
coup initial costs (area A in Figure 3) from revenues (C). 
The length of the capital recovery period is supposed to be a 
success indicator: a project that takes six years would be pre
ferred over one that takes ten. 
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Figure 3 

VARIATIONS OF THE CONTINUOUS - INPUT CONTINUOUS - OUTPUT PROBLEM 
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Output 
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LEGEND 
Problem Categories 
"Π Capi tal Recovery Period Problems: A, vs. C and time 
2. Capital-Output Ratio Problems: A, vs. C 
3. Capital Intensity Problems: A. vs. B. 
k. Staging or Construction Phasing Problems: 

Aj, A
2
 vs. Β,, B« 

5. Various Input Mix and Timing Problems: Contents of A and Β 
and timing 

6. Various Output Mix and Timing Problems: Contents of C and 
timing 

7. Complex Input-Output Mix, Timing and Multiple Value Scale 
Problems: A, B, C, time and different value scales 

8. Various Partial Evaluation Problems: See text 

58 



Projects, plans and investment decisions: The economist's contribution 

This test unreasonably neglects the performance of assets 

beyond the recoupment period. For example, the six-year pro

ject may fall to pieces immediately afterwards, whereas the 

ten-year one may be serviceable for another fifty-year span 

and might therefore be preferred. Further, initial costs (area 

A) are singled out, and continuing costs (B) are ignored for 

no good reason. In this way, the problem formulation is a 

throwback to the point-input continuous-output case, not 

a very realistic one as was observed. 

(2) Capital-Output Ratio Problems.1 In this formulation the 

attempt is made to maximize outputs (C), measured in phys

ical or market value terms, in relation to initial inputs (A). 

Projects with lower ratios would be preferred to those with 

higher ones. Occasionally, this performance criterion is also 

called the «product-capital ratio». 

In retrospect it is hard to account for the popularity which 

this particular analytical device enjoyed a few years ago. 

After all, the definition of «capital» is quite shaky; and why 

eliminate from the calculations the continuing streams of 

inputs after the initial resource commitment dose (B) ? The 

only possible explanation is that there was a past presumption 

that capital resources were the only scarce factor. But such 

a priori reasoning is very dangerous in field work, for it pre

judges vital issues the analysis is supposed to solve. Again, 

the capital-output ratio problem formulation, by ignoring 

cost streams (B), is a throwback to the point^input continuous-

-output case. 

(3) The Concept of Capital Intensity. Capital intensity can 

conveniently be measured by the ratio of initial costs (A) 

to continuing costs (Β), usually discounted to present values. 

1. See the United Nations Manual [18, Part II, Chapter III, «Criteria 
Relating to the Productivity of a Single Resource», pp. 216-233], for 
an exposition of the various weird partial problem formulations which 
have been in vogue at one time or another. 
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For brevity one can refer to the «ratio of initial costs to 
future costs», as stated by Lutz [11, p. 125]. The higher the 
ratio, the more capital-intensive is the project. 

In field work the question is asked: what capital intensity 
is most advantageous ? It is presumed that the output stream 
(G) stays constant as (A) is substituted for (B), and vice versa. 
This then becomes a cost minimization problem with the 
interest rate being a crucial influence. When the usual dis
counting or compounding are applied, less analytical weight 
is automatically given to the later cost streams (B) relative 
to (A) when the interest rate goes up. It follows that less 
capital-intensive projects become more attractive as the interest 
rate rises, and the more capital-intensive ones show their 
merits as it goes down. At a zero rate of interest, costs (A) 
count just as much as costs (B). 

This extreme zero-interest formulation, which wipes out 
the time dimension as an economic factor, unrealistically fa
vours immediate heavy consumption sacrifices for the sake 
of possibly very late output enjoyments, all other things being 
equal. It may be called the «Mainland Chinese Planners' 
Syndrome», because apparently during one of the «leaps 
forward» zero rates of interest were used for planning steel 
mills, power dams and similar investments, much to the det
riment of the contemporary Chinese consumers. 

If some positive interest rate is used, indicating even only 
slight preferences for earlier over later consumption, the cap
ital intensity problem is a quite sensible one. However, the 
inherent assumption of output streams that stay constant 
with changes between (A) and (B) cost proportions is some
what restrictive. 

(4) Staging or Construction Phasing Problems. These are very 
similar to the previous ones. The question is asked whether 
it is advantageous to build a project all at once to full ca
pacity, with an outlay of (Ax), or whether (A2) can be post-
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poned until it becomes, say, the second construction phase 
(B2). Examples might be the building of a highway all at 
once to four-lane capacity, or in separate phases, with just 
two lanes to start with and the second set a few years later. 

If output stream (G) is supposed to be the same, regardless 
whether there is all-at-once or stage construction, then we 
are dealing with a straight cost minimization problem. Again, 
the interest rate is strategic : a high rate favors stage construc
tion, a low one all-at-once work. If output does change, then 
this becomes a more complex input-output mix and timing 
problem (see item 8 below). 

(5) Various Input Mix and Timing Problems. Again, with out
put stream (G) assumed to remain the same when different 
configurations of inputs (A) and (B) are being tested analyt
ically, this is a cost minimization problem. At issue is the 
best composition and timing of the input components that 
together serve to produce output (G). Typical questions are: 
Is a hydro-electric or a thermal plant design more advanta
geous ? Should a proposed bridge be built of masonry, lami
nated timber, steel or pre-stressed concrete ? Should relatively 
more labor or more machinery be used on the job ? Is rapid 
construction, involving severer engineering and management 
problems, or a more leisurely pace more advantageous ? Once 
there is knowledge of the costs of various input components, 
as well as of the technically best ways of combining them 
and of the interest rate, these questions can be answered un
equivocally. The solving of input mix and timing problems 
requires particularly close collaboration between engineers 
and economists. 

(6) Various Output Mix and Timing Problems. These are anal
ogous to the questions discussed under item (5) above. It is 
assumed that the input stream configuration (A) and (B) is 
given, but that different output types may be produced at 
various points in time. Briefly, this becomes an output maxim
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ization problem. Typical questions are: Should there be a 
great volume of lower-quality output, or higher-quality pro
duction in smaller amounts ? What kinds of products should 
be produced at what times? 

Market research expertise, in addition to engineering and 
economics talent, is required to solve output mix and timing 
problems. 

(7) Complex Input-Output Mix, Timing and Multiple Value 
Scale Problems. These combine the features of problems (5) 
and (6). The restrictive assumption that input and output 
streams will not affect each other is dropped. Now for every 
configuration of (A) and (B) there may be a different out
put stream, (C) and vice versa. Typical questions are: Is it 
worthwhile to sacrifice more inputs to gain more outputs? 
Will earlier yields of (C) pay for the additional inputs (A) 
needed to hasten production? By what losses in (C) would 
possible savings in (B) be accompanied ? Often there will be 
several value scales ; for example, output may be measured in 
physical terms (number of schools constructed, acre-feet of 
irrigation water provided, health service coverage achieved) 
but input in market values. This complicates the analysis. 

This formulation probably covers the bulk of problems 
encountered in the real world. An inter-disciplinary approach 
by planners, economists, engineers and experts in various pub
lic service fields is needed to find rational solutions. 

(8) Various Partial Evaluation Problems. These are discussed 
at some length in the U.N. Manual on Economic Development 
Projects [18]. Among them are maximization of employment 
per unit of capital, of labor productivity (i.e. of production val
ue obtained per person employed), and of foreign exchange 
earnings per unit of inputs. All of the partial evaluation prob
lems, and among them we must also count cases ( 1 ), capital 
recovery period, and (2), capital-output ratio, single out spe
cific components of the total input and output streams and 
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relate them to each other. It is not clear what is achieved 
by these procedures. Understandably, they have come under 
heavy criticism. 

Concluding, to somebody with field experience the contin
uous-input continuous-output case seems to be the most 
logical and realistic investment problem formulation. If so, 
the analyst then has to contend with variations and combi
nations of the following continuous-input continuous-output 
aspects : 

(a) The volume and timing of the input and output stream, 
independently and relative to each other. 

(b) The most advantageous internal composition of the 
input (labor, machines, different materials, etc.) and output 
mixes (different products). 

(c) Outputs (social services etc.) and inputs (in money 
terms) measured on different value scales. 

As a general rule, when confronted with continuous-input 
continuous-output problems, it is most expedient to treat 
each input-output stream configuration as a distinct project. 
Investment analysis then consists of systematic comparisons 
of discrete project proposals. 

EVALUATION 

We have established that various economic events — cost 
doses, accruals of outputs — will typically be spaced irreg
ularly over time. Mere inspection or aggregation of the in
put and output streams yields no answers for sensible econom
ic action. Somehow the basic notion must be accommodated 
analytically that a Dollar received or sacrificed today should 
count more heavily than a one-Dollar transaction five or ten 
years from now. This is generally accomplished by the appli
cation of the well-known discounting or compound interest 
formulations. Briefly, the dated input and output series are 
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reduced to simple present (or future) value terms and then 
compared. Projects with outputs greater than inputs are 
accepted, those that show outputs less than inputs are rejected. 
When several value scales exist — monetary plus other— 
more complicated procedures apply. Table 1 gives clues and 
the technical literature mentioned at the end may also be 
consulted for details. A few special points are of interest here: 

( 1 ) Equivalence of Discounting and Compounding. The former 
method works backwards, as it were, from the future to the 
present — the chosen viewpoint. Results are therefore «inputs 
and outputs in present terms». Compounding works in the op
posite direction, with the date of project expiration being the 
chosen viewpoint. Results are «inputs and outputs in future 
terms». Both procedures lead to exactly the same project 
choices and policy prescriptions. It is sometimes erroneously 
believed that discounting has unique merits of its own. This 
is wrong: given the same input and output data, there is 
nothing discounting to present values can do which com
pound interest calculations to terminal values cannot do just 
as well. 

(2) Differential Weighting of Future Events. Both methods 
essentially assign declining analytical-statistical weights to the 
future. This weighting is a function of the interest rate and the 
total project time span. At a zero rate, inputs and outputs 
expected in the year 2015 count just as much as those of 
1965, the present time. But given an interest rate of 4 percent, 
the weight is reduced to 14 percent five decades from now; 
and by applying a rate of 8 percent, it declines to a mere 2 
percent (see Figure 4). The rapid shrinkage of input and out
put importance during the first few years should be noted. 
As the time horizon expands to infinity the analytical weights 
will, at any positive interest rate, gradually approach zero. 
Such are the powerful effects of compound interest mathema
tics. 
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Figure 4 
ANALYTICAL WEIGHT OF FUTURE BENEFITS AND 
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In Figure 4 it can also be observed that changes in the 
length of time horizon and in the level of the interest rate are 
partial substitutes for each other. For example, boosting the 
interest rate from 4 to 8 percent has about the same effect 
on analytical weights as cutting the time horizon from 40 
to 20 years. Likewise, using 8 percent interest instead of 1 
percent, is equivalent to shrinking the time horizon from 40 
to as little as 5 years. Putting this another way, inputs and 
outputs in the year 2005 assessed at 1 percent will exercise 
the identical influence on analytical results as the same in
puts and outputs in 1970 appraised at 8 percent, assuming, 
of course, ceteris paribus. Practitioners, it seems, are often not 
aware of these interrelationships. 

(3) Choice of Interest Rate. The interest or discount rate is a 
most strategic project selection device — the higher its level, 
the more projects will be «rationed out». How, then, should 
the level be selected? At first it was thought that any project 
could, as it were, generate its own «internal rate of return» — 
the rate which just exactly equates the discounted or com
pounded input and output series. «Maximize the internal 
rate of return» would then be the project selection criterion. 
However, serious problems with this analytical artifact arose : 
(a) Some series generate not just one, but several internal 
rates of return [10] [7, especially pp. 348-51]. (b) For mu
tually interdependent projects of the type encountered in 
systems or networks1 the decision rule «maximize the internal 
rate of return» simply breaks down, (c) Any internal rate of 
return implies that funds can be re-invested elsewhere at that 
rate; this would be the case by coincidence only. 

The current view is that the input-output appraisal rate 
must somehow be determined outside the project framework. 
There are two schools of thought on how this can be done. 

1. For a discussion of network problems see [8, pp. 92 - 100,116 - 23]. 
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One school thinks of time preferences as a competitive market 
phenomenon, with people trading present for future dollars 
at a certain rate. It is this rate, or range of rates, which adher
ents of this mode of thought would use for project planning. 
Their approach is particularly applicable to shorter-range, 
purely commercial transactions, it seems, where money market 
phenomena do indeed furnish some guidance for the future. 

Other writers, and among them are highly regarded eco
nomists, take a rather broader view of what they term «so
cial rates of time preference». For example, Eckstein suggests 
that the capital market is «rife with rationing, ignorance, 
differential tax treatments» and so on, and is generally blatant
ly imperfect [6] , Fundamentally these scholars believe that 
investment changes consumption patterns over time. Conse
quently, the choice of interest rates for economic development 
work is essentially a matter of value judgments leading to 
income re-distributions among different generations of people. 

For purely financial analyses the first view is correct. But 
for broad social and economic planning purposes, one 
surely must subscribe to the second school of thought. It stands 
to reason that all the analytical devices which express time 
preferences — time horizons, salvage values and scrappage 
costs, high or low input and output estimates, and especially 
interest rates, — should ultimately be tailored to the results 
society wants to obtain. The interest rate then becomes a 
deliberate planning device: high rates will be used to encourage 
consumption and discourage investment; low rates to achieve 
the opposite effect. 
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6. PROJECT PLANNING AND EXECUTION: STATE 
OF T H E A R T 

Last year, colleagues of mine at the Brookings Institution 
and I tried to determine what the «state of the art» of contem
porary international project analysis is.1 We looked at a 
total of about 80 field reports, most of them confidential doc
uments prepared by consultants. Just to put our hands on 
them was a major feat — there is no library or documentation 
center anywhere in the world that stocks such material. 

Some twenty of these reports we examined carefully, 
emphasizing methodology, with the aid of a «survey format» 
which we developed specially for the purpose. These selected 
studies comprised roughly 5000 pages of print, with many 
tables, engineering drawings, etc., in addition. They cost 
about $4 or $5 million in professional fees to prepare, not 
counting staff and executive time of the clients for these 
efforts, mainly international development agencies. Alto
gether over $2 billion worth of investments were proposed 
in the reports, including such projects as a $475 million African 
power scheme and a $135 million highway network for 
a Latin American nation. Since that time I have read 
various other reports of this type. I have also had occasion 
to speak to development officials and planners in the field 
and to look at World Bank, US AID and Greek data on pro
ject execution speeds — so-called «disbursement patterns». 

To conclude the present paper, I want to convey briefly 

1. We did this as part of a comprehensive research program on de
velopment planning, with special reference to the transport sector, made 
possible by a grant from the U.S. Agency for International Development 
to the Brookings Institution. Wilfred Owen and Edwin Haefele of the 
Brookings staff looked after the research program as a whole. Glell C. 
Harral, Grace Finne, Ellie Steinberg and Tillo E. Kuhn participated 
in the particular study phase described here. 
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my impressions on the current status of project planning and 
execution gained in these various ways. 

6.1 TIME LAGS IN T H E INVESTMENT PROCESS 

There is general interest in «slippages» or «time lags» in 
project planning and execution. Tinbergen [ 17, p. 15] urges 
analysts to take account of them and the OECD [13, pp. 
2 5 - 6 ] , among other international agencies, has commented 
on the undesirable «growing lag between fund commitments 
and disbursements». Little factual information has been pub
lished on the subject. 

With the cooperation of the US Agency for International 
Development and with supplementary data from the World 
Bank, I was able to stitch together various pieces of evidence 
on time lags in the complex chain of events from the first 
substantial project idea to physical project completion. This 
information is summarized in Table 3. 

Various factors contribute to project speed or delay. For 
example, port, irrigation and mining projects tend to be 
rather slow, simply because they are technically difficult. 
By contrast, industrial plant, machinery and equipment 
loans can obviously be handled much faster. Again, general 
development and multipurpose schemes, which are composed 
of various sub-projects, naturally take much longer than 
single projects which are often fully designed before a de
cision is made. There are international differences in pro
ject execution speed, often thought of as indicating «absorp
tive capacity» of the countries concerned. There may be 
differences in time lags between internationally financed pro
jects (the category surveyed here) and purely national ones. 
Research on this point would be interesting. 

Nevertheless, even given these varied circumstances, it is 
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most interesting to note the very long lead times — five to 
seven or more years from project start to project finish — 
with which one has to reckon in this field. It will, of course, 
usually take further years until the project fully produces 
and its beneficial effects are really felt by the economy at 
large. And certainly many more years will go by until in
vestment costs are paid off. Time horizons may consequently 
extend very far into the future — as far as 67 years in one 
electric power study. 

I have various ideas on time lags and, in fact, would like 
to do further work in this area. There may be scope for 
speeding up some phases in the investment process through 
organizational-managerial improvements, but dramatic im
provements cannot be expected. The main conclusions are: 
(a) The investment planning process itself — perhaps not 
shortage of foreign exchange, or of capital in general, or of 
skilled personnel — may often be the really serious bottleneck 
in economic development, (b) Technology, planning and de
cision-making impose a rather stately, slow pace; perhaps 
the investment process, like nature, cannot be rushed, (c) 
The frequent failure of grandiose development plans to live 
up to expectations may partly be due to the extremely long 
gestation periods between idea, decision, action and harvesting 
of results. This is a most significant aspect. It should defi
nitely be looked at further, (d) Large construction projects are 
rather sluggish policy measures and therefore unsuitable for 
short-term anti-cyclical pump-priming purposes, unless they 
can be prepared in advance and put on a «public works 
shelf», (e) The time dimension is analytically most important. 
Lags are a fact of life and the economic planner clearly has 
to recognize them. Instantaneous economic recipes, all those 
methodological constructs which do not incorporate the 
time dimension, simply cannot be used for practical develop-
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ment tasks. Unfortunately, a good proportion of the economic 
literature seems to assume time away. 

6.2 STUDY LENGTHS AND COSTS 

Generally I find that the project studies themselves do not 
consume excessive amounts of time in relation to the entire 
project planning and execution process. There are great var
iations in study length — the range is from 2 to 23 months —-
largely because the technical-economic scope of the field re
search efforts differs greatly. Detailed location studies, soil 
borings and design work, for example, are quite time con
suming. It is possible that some field research has been un
necessarily rushed relative to the deliberation and decision
making stages. Offhand, a study period of, say, five or six 
months to appraise a $50 or $100 million investment, ap
pears too short. 

Study costs are obviously related to the size of the object, 
the complexity of the problem and above all the engineering 
inputs that go into the research work. Purely economic stud
ies tend to be cheap. Among a smallish sample I observed 
the following levels of study costs as a percentage of proposed 
total investments : (a) River basin economic survey in Africa, 
0.03 percent, (b) Electric power study in Africa, 0.03 
percent, (c) Port development in Asia, 2.27 percent, (d) 
Detailed technical report on specific road and bridge project 
in Latin America, 5.52 percent. From limited observations 
one may think of 0.5 to 2.0 percent as a typical range. 

In my view it should often be possible to first carry out a 
quick and reasonable economic reconnaissance study, with 
permissible cost-benefit estimate tolerances of, say, + 5 0 
percent, always provided the terms of reference are set broad 
enough by the clients, as reasoned before. Even on the basis 
of such rough first evidence it will often be possible to rule 
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out obviously unsound projects without getting drawn into 
cumbersome and expensive engineering work. Only if the 
economic reconnaissance results give grounds for optimism 
about the project, should one proceed to further field study 
commitments. This particular technique for saving research 
and planning resources was successfully used by US AID, 
with the advice of the Brookings Institution, in the case of 
an East African highway proposal. At very low cost it was 
possible to reject the project outright. 

6.3 TREATMENT OF THE TIME DIMENSION IN FIELD STUDIES 

With few exceptions, field studies are gravely deficient in 
the treatment of the time dimension. The typical report, 
apart from cursory references to interest rate aspects, ignores 
time. By claiming benefit flows right from the start, many 
reports imply that physical construction — from the first 
shovel of dirt to full operation — can be achieved instanta
neously. This biases results heavily in favor of the particular 
project. 

Drastic improvements in the analytical procedures of field 
studies — perhaps through personnel training or issuance of 
manuals — will be necessary to bring about competent treat
ment of the time dimension. 

6.4 RELIABILITY OF STUDY RESULTS 

I know of no organized, scientific attempt to compare anti
cipated project performance, as claimed ex ante by the con
sultants, with actual ex post performance. We may think of 
three aspects: (a) cost estimates; (b) benefit or revenue esti
mates; (c) policy recommendations drawn by the consul
tants from these two series and other evidence. 

I t should be fairly easy to make comparisons of estimated 
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versus actual project costs. It is common, although scantily doc
umented knowledge, that engineering consultants almost 
always underestimate costs. Part of the problem may be in
flationary price increases occurring between project study 
and execution, but one could allow for this very easily by 
«constant Dollar» adjustments. More insidious is the fact that 
project consultants often assume the role of deliberate pro
ject promoters, through the simple expedient of submitting 
artificially low cost and /or high benefit estimates. It should 
be possible to eliminate these practices through penalty clauses 
in consulting contracts. 

I have no knowledge of the quality of money revenue esti
mates in commercial and industrial project studies. However, 
most infrastructure project reports, the field with which I 
am familiar, come up with some quite fantastic benefit 
claims. One study attributes benefits equivalent to several 
times the GNP of the entire country to just one highway in
vestment. It is often alleged that particular projects can deliver 
growth contributions of, say,. 400 percent — implied by 
a benefit-cost ratio of 5 to 1 — when the economy as a whole 
is expected to grow at only 30 or 40 percent over the planning 
period. A priori, these are highly suspect results. 

Briefly, I commonly find three errors in benefit analysis : 
(1) Benefit Attribution Errors. The particular sector, for example 

transport, rapaciously claims the growth in the production 
of goods and services generated by the entire economy. 

(2) Double-Counting Errors. A number of sectors may indulge 
in double-counting of growth effects. For example, highways 
claim the same benefits that agriculture, industry, power, 
Tiealth and education are already crediting to their parti
cular investment schemes. 

(3) Benefit Valuation Errors. Studies may arbitrarily convert 
non-market effects (leisure time, smoothness of automobile 
ride, etc.) into market values, at the same time they may 
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pass off important market or non-market costs (accidents, 
air pollution) as insignificant or immeasurable. The highway 
sector is notorious for such practices. Other sectors may fall 
behind in this game and get less attention. 

Any of these erroneous analytical operations can introduce 
enormous distortions into investment analysis, leading in
evitably to poor resource allocation decisions. In my view, 
many of the troubles plaguing contemporary benefit-cost 
analysis can be traced to quite basic bookkeeping errors. 
These could be eliminated by the use of the so-called social 
and economic planning accounts which have been proposed 
by myself and others. Practical experimentation with these 
analytical devices, in collaboration with good sectoral, re
gional and macroeconomic studies, would be most desirable. 

Finally, as regards policy recommendations rendered by 
consultants, I must say that in my entire career I have come 
across only two reports that found their particular project 
proposals not feasible. This is quite shocking — surely a 20 
or 40 percent project rejection rate would be realistic. 

Vicious incentive links can partly be blamed. Many sup
posedly neutral, outside consultants have direct monetary in
terests in project acceptance: if they can show the scheme 
to be «technically and economically feasible», then a juicy 
engineering design and construction contract may come their 
way. Likewise, government departments have a natural ten
dency to push their particular brand of projects for purposes 
of «empire building». Highway departments in the United 
States and elsewhere — the biggest public money spenders 
these days — are well-known for their passion with which 
they bulldoze and pave anything in sight. And it has been 
said about the U.S. Bureau of Reclamation that dam build
ing is its raison d'être and its zeal to discover reasons against 
building a dam is conspicuous by its absence. Observers sug
gest that the Bureau is always prone to exaggerate the po-
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tential benefits and discount the potential dangers of any 
dam project anywhere. 

Some institutional reforms seem to be needed, so that pro
ject advocates are not also project beneficiaries and adjudi
cators of the project proposal. Further, it is most desirable 
to provide high-level decision makers with adequate study 
review capacity for the sometimes complicated project re
ports, whether through well-trained staff or through expert 
outside auditors, and also to provide time. It is a sad truth 
that few government departments and international agencies 
have the time to read voluminous consulting studies, let 
alone discover shoddy methodology and faked field data. I t 
is an illusion that entrusting a problem to outside, indepen
dent consultants automatically produces good results. Quality 
control through expert advisors who are mentally one step 
ahead of the experts retained for the job is definitely needed. 

In conclusion, I see great need for improvements in the 
theory and practice of project planning. At the same time I 
can see great scope for the worthwhile employment of good 
planners and economists. Series of development and invest
ment problems of great public welfare significance will 
always have to be solved as far as one can look into the future. 
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1. INTRODUCTION 

Market imperfections appear as the recurring theme-the 
kit motif-—in this collection of essays. Imperfections mean, 
for the economist, the failing of the well-known - and strict -
conditions that are associated with Paretian optimality. In 
fact, the violation of these conditions alone might have been 
sufficient to provide a raison d'être for the economic plan
ner. 

This essay focuses upon the labor and the capital market. 
It examines some non-optimal conditions that prevail in 
these markets and draws the implications for development 
planning. Consumer sovereignty is the formal condition 
most often violated in the labor market of an underdeveloped 
country. Inaugurating the consumer to the court of final re
course with jurisdiction to pass over the use of inputs and the 
production and distribution of outputs, presupposes the exist
ence of an acceptable distribution of endowments, or dollar 
ballots. Otherwise the Court of Free Choice becomes the 
jury to pass the death sentence on the underprivileged ! An 
ethical judgment on the existing income distribution may 
well underlie the surging interest that governments exhibit 
in combating unemployment (or underemployment and «dis
guised unemployment»). The capital market is usually con
sidered even more notoriously imperfect than the labor mar
ket. The condition of competitive behavior is the one most 
commonly violated there : the condition of behaving in such 
a way as to maximize profit by accepting the market price 
as externally determined and concentrating on the endoge
nous determination of output. Much uncertainty shrouds 
the question of which is the market price of capital. Also, it 
is generally conceded that the capital market is far from per-

6 
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feet in the sense that there are no unlimited amounts of ca
pital available at a constant set of terms ; instead, the terms 
on which capital is available vary rather sharply with the 
amount invested. The relevant discussion is familiar in the 
literature under the term «capital rationing». 

2. THE ALTERNATIVE COST OF EMPLOYING THE 
UNEMPLOYED 

Considerable literature has evolved after the war on 
the issue of «disguised unemployment». We will not be 
concerned with the main thesis here.1 We will simply discuss 
the premise that the alternative cost of the (openly or in 
disguise) unemployed workers is zero. And, we will indicate 
that the policy goal of a rapid increase in employment that 
derives from this premise often conflicts with other major 
goals that the government has in connection to resource allo
cation. 

Ragnar Nurkse suggests that underemployment in the 
rural work force can be a blessing in disguise. Investment goods 
can be created with little or no real cost to society provided 
two conditions are satisfied. First, that one can take the under
employed away from agriculture, and transfer them into 
industry, without decreasing the total farm production ; and 
second that the workers remaining on the farms can be 
forced to maintain their low level of consumption so that the 
«extra» food can be transferred to the new industrial workers. 
China seems to have had a great deal of success in this approach 
by making farmers «volunteer» portions of their slack 
employment time to work on large regional dam construc-

1. For a survey of the discussion see [3] ; also [8. pp. 32 - 37]. 
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tion projects. Since the workers remain on the commune 
and are fed by the commune, the cost of such projects to the 
society is zero. However, as we shall see, a deeper analysis 
of this procedure will uncover some disturbing implications. 

Rural disguised unemployment is the result of sharing the 
limited amount of work necessary to maximize output under 
the existing technological conditions. For analytical purposes 
one could assume that some of the farm members work full 
time while the others remain idle. This assumption is used to 
divide the work force into two distinct groups : the employed 
and the unemployed. Institutional factors, such as the 
extended family system, force those who are working to con
sume only a part of their income and to «save» the rest. This 
«saving» is «borrowed» and consumed by the non-working 
members of the extended family. This institutional pattern 
of forced saving has been developed from social necessity as 
an informal unemployment compensation scheme [1 pp. 
64-67]. However, should the unemployed find employment, 
especially away from the farm, the income sharing features 
of this scheme will break down and precious savings will 
be consumed by the employed unless other methods can be 
devised to keep consumption at the same low level. Whatever 
method is applied, it will be equivalent to a tax — one with 
little moral justification, for it must be borne by one of the 
poorest segments of society [4, pp. 9 - 10]. 

Theoretically, the government could levy the tax on any 
other segment of the society (the urban worker for instance) 
without changing the analysis of the problem. Total output 
in the economy would remain the same independently of 
who is taxed. The alternative cost of the investment so created 
will still be zero. The only difference would be the groups 
involved in this transfer of income. Economics can give no 
a priori reason for stating that this transfer of income would 
be either «good» or «bad». 
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The reader can now see that the ability to tax the workers 
who remain on the farm is not a necessary condition for the 
creation of a «free» investment. Furthermore, the investment 
is «free» regardless of the wage that is paid to the workers, 
if total agricultural production and consumption will re
main constant for the society as a whole. The argument 
can be further extended to include the case of the urban 
unemployed; for if one taxes the employed rural worker 
it makes no difference to the economy as a whole whether 
one pays these taxes to the unemployed urban worker or to 
the unemployed rural worker. Both can create investment 
projects. 

Does this mean that the planner should consider the 
shadow price of the labor input in an investment project to be 
zero whenever there is a substantial amount of unemploy
ment? The author does not think so. The shadow price of 
labor should still be equal to the wage rate paid. The effects 
of the zero opportunity cost of labor should be analyzed 
according to the benefits rather than the costs of an investment 
project. The reasons for this approach are as follows. 

Cost analysis is a tool for the allocation of the limited supply 
of investment funds available to the government. Funds that 
are spent on wages are not available for other uses. The fact that 
the funds were used for otherwise unemployed labor does not 
eliminate the alternative uses of the funds and, therefore, does 
not eliminate their positive cost to the government. On the 
other hand, benefit analysis should always include the alter
native use of the resources which the project consumes. The 
social benefits of a project are always the difference between 
the increase in output due to the new project, and the de
crease in output in the rest of the economy caused by the project 
(i.e., the gains of the project are always the net gains). 
If there is full employment the net gains of the project will 
be less than the gross gains, for labor will be drawn from other 
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sectors of the economy and output will decrease in these 
sectors. 

However, one must keep in mind the fact that one of the 
benefits of a project may be the increase (or decrease, a 
negative gain) in the ability of the government to collect taxes 
within the institutional framework. This additional dimension 
may be a necessary complication since it will definitely affect 
the government's future investment potential. The value 
that is placed on this increased ability to tax will necessarily 
vary from case to case and belongs in the realm of political 
decision-making. 

3. THE COST OF LABOR INTENSITY1 

Given a project whose only variable input is labor, planning 
involves a decision as to what labor intensity, or, alternatively, 
what rate of employment should be realized on the project. As 
one can see from Table 1 and Figures la and lb, the decision to 
employ more labor will cost the government increasing amounts 
of profits or «surplus» after level A is reached with employ
ment at 1000. Even though profits decrease, the total output 
(or national product) will continue to increase. Two possible 
extreme decisions regarding the level of employment can be 
taken on the basis of our hypothetical data. First, the govern
ment can act as if it were a private entrepreneur, and maximize 
profits. This policy is equivalent to that of hiring labor until 
the wage rate is equal to the marginal revenue product, as at 
point A (where the slope of the output function equals the 
wage rate). Second, the government can follow a policy 
that maximizes total output. This occurs at level D with 

1. Much of the following discussion, including Figure 1, is adapted 
from A. K. Sen [7, pp. 21 - 34 and 61 - 67]. 
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Dollars 
Figure la 

SELECTING THE EMPLOYMENT LEVEL 

T o t a l Wage 

E m p l o y m e n t 

1,000 i,aco ι,3οσ 1,400 

Figure lb 

GOVERNMENT SURPLUS AS A FUNCTION OF EMPLOYMENT 

Surplus 
or Profist 

1,200 1,300 ι,ψοο 
-> E m p l o y m e n t 
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Figure lc 
LOSS OF SURPLUS FROM THE MAXIMUM SURPLUS OUTPUT 

o t a l Output 

2?00 

2.300 

2,200-

2,100 

2,000-

_^ Loss o f Surplus 
(Subsidy) 
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1300 level of employment. This policy is equivalent to using 
a shadow price for unemployed labor equal to its alternative 
productivity, i. e., a shadow price of zero. Third, the govern
ment may maximize output consistent with the condition 
that the output covers the wage bill. This is shown at level 
G with employment of 1100. 

Figure 1 c illustrates the costs involved in increasing output 
beyond the maximum profit level. The curve defines the re
lationship between the loss of government revenue and the 
gain of national product. The slope of this function can be 
regarded as the subsidy multiplier, since it is the marginal cost 
to the government of an additional unit of national product. 
If the government had unlimited taxing facilities, or if it had 
sufficient funds to develop all the investment projects that 
it considered «feasible», it could as well decide to maximize 
output and thereby maximize national product. However, as 
all planners are well aware, governments work with extremely 
limited budgets. Any money that is paid as a subsidy for 
current production cannot be used for investment. The 
government must decide how much of its resources will be 
spent on present production and consumption, and how much 
will be allocated to investment and future consumption. The 
decision will depend on both the wage rate and the rele
vant production function, since different levels of subsidy 
will create wide variations in total output through the sub
sidy multiplier. 

Take for example a government project which has a 
maximum profit of 50 with employment of 1000 and output of 
2050 (see Table 1). An addition to employment of 100 will 
increase output to 2200 and will reduce profits to zero. Out
put increases by 150, while profits decrease by 50. The sub
sidy multiplier is 3.0, as Table 1 indicates. If employment is 
increased to 1200, output increases to 2320 and the project 
runs at a deficit of 80. The ratio of government expenditure 
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to increase in national product in this case is 1.5. If employ
ment is increased to 1300, the subsidy multiplier becomes 
0.33. 

Two important observations can be made on the basis of 
this example. First, the absolute level of profit of the project 
is not the most important factor in deciding the desired level 
of output and employment. Even if the project had only 
positive profit associated with alternative levels of output (see 
Alternative Project II in Table 1) the decision as to what 
level of employment should be realized would be the same. 

TABLE 1 

ILLUSTRATION OF SUBSIDY MULTIPLIER 

Project I 
at 

Different 
Levels 

Employment 
Wage rate 
Total wage 
Total output 
Surplus or profit 

Level 
A 

Level 
Β 

Differ
ence 

(B-A) 

Level 
G 

Differ
ence 

(G-B) 

1000 1100 100 1200 100 
2 2 0 2 0 

2000 2200 200 2400 200 
2050 2200 150 2320 120 
+50 0 —50 —80 —80 

Level 
D 

Differ
ence 

(D-G) 

1300 100 
2 0 

2600 200 
2370 50 

—230 —150 

Subsidy multiplier» 3.0 1.5 0.333 

Alternative Project II 

Total output 2300 2450 150 2570 120 
Surplus 300 250 —50 170 —80 

Subsidy Multiplier^ 3.0 1.5 

change in output 
a. Subsidy multiplier is defined : ; 

loss in surplus 

2620 .50 
20 —150 

0.333 
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There is no difference between the situation in which the 
government loses a positive profit and the situation in which 
the government must pay a subsidy. Both reduce the govern
ment's income and, therefore, limit its alternative expendi
tures. 

The second observation is that in certain cases the maxi
mization of income is not the correct policy for the govern
ment to adopt. One would imagine that an investment 
which would yield an immediate return of three hundred 
per cent (subsidy multiplier 3.0) would be worthwhile 
under any circumstances. However, when the returns are 
nearer to 100 per cent (multiplier 1.0) the government must 
find other reasons to justify the additional employment. The 
justification offered most frequently is the explicit objective 
of increasing employment for employment's sake. At best, 
this is a short-sighted objective, for it eliminates the possibi
lity that the workers could be engaged in other investment 
activities. 

By considering the loss in surplus to be the marginal in
vestment funds foregone and by determining the present 
value of these funds in the marginal rejected investment, one 
can carry the opportunity cost analysis one step further.1 

The sacrifice of investment funds for a present output of 
less than the amount of the sacrificed funds is a self-defeating 
policy in the long run for both the growth of output and the 
growth of employment. 

1. Alternatively, one can determine what rate of interest would make 
the present value of the investment funds equal to the increase in present 
national income created by higher intensity of production. 
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4. INVESTMENT CRITERIA WITH AN A PRIORI 
INTEREST RATE 

Capital theory involves a trade-off between the present 
and the future. The exhange ratio between the two is a very 
elusive price. Nevertheless, project evaluation is predicated 
on the existence of this price. This price, or interest rate, 
may be given a priori and used for the evaluation of projects, 
or it may be determined from the demand and supply condi
tions for investment funds. This section and the following 
one are devoted to these two cases. 

Planners usually evaluate a project with the help of an 
explicit a priori discount rate, obtained from the bank's 
lending rate, the government's lending rate, the marginal 
productivity of capital in the private sector, or the social 
rate of time preference subscribed to by the government [2]. 

Given the discount rate, the planner can determine the 
discounted benefits (B) and discounted costs (C) of all pro
jects under consideration. A few writers have proposed that 
the planner should use the ratio of B/C as the index of a 
project's worth. All projects with a ratio greater than one 
are acceptable; those with the highest ratio are the best. 
However, this procedure has not been widely accepted since 
the ratio of benefits to costs has no intrinsic economic signi
ficance [5, pp. 107 if.]. 

The discounted present value criterion has received a more 
favorable reception. With this criterion all projects which 
have a positive present value (B - C) are acceptable. Pro
jects are ranked in order of decreasing Β - C. The economic 
justification for this procedure is self-evident. One wishes to 
maximize the return from investment in an absolute, not in 
a relative sense. The advantages of the Β - C are that 
it makes the relationship between the criterion and the 
goal as direct and uncomplicated as possible and that it 
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obviates the problems of deciding whether negative costs 
should properly be counted with the costs or the benefits. 

Viewed in a macroeconomic context, as criteria used to 
choose among bundles of projects for the economy as a whole 
rather than to accept or reject a single project, the use of 
B/C and Β - G must be re-examined. Consider the applica
tion of the criteria within the government's investment 
budget. In this context project analysis is used to determine 
which bundle of investment projects, all with the same 
total costs,1 will maximize the benefits accruing to the economy. 
Under the budget constraint, the B/C criterion is just as 
valid as the Β - G criterion, since both will give the same 
results.2 

Furthermore, in the evaluation of a number of projects 
that are mutually exclusive and have different discounted 
costs neither criterion is sufficient. A numerical example 
will serve to illustrate this proposition. Consider two mutually 
exclusive projects A and Β in Table 2, with discounted 
costs of 5 and 1 and discounted benefits of 8 and 3 respec
tively. The Β - C criterion leads to the acceptance of the first 
project, which has a Β - C of 3, while the second project 
has a Β - C of 2 ; on the other hand, the B/G criterion favors 
the second project, which has a B/C of 3, far above the B/C 
of 1.6 of the first project. 

1. Since we are working with a budget constraint we will assume that 
all costs are positive money costs to the government. Negative costs and 
positive benefits will be included in the benefits side. 

2. Proof: If B ^ > B2-G2 and Gx = C2, 

then Bx > B2 and ^ > ??. 

92 -



Some aspects of project evaluation in an imperfect world 

TABLE 2 

COMPARISON OF ALTERNATIVE PROJECTS 

Mutually 
Exclusive 

Difference 

Possible Marginal 
Projects 

Independent 
of A and Β 

and Each Other 

Project 
A 

Project 
Β A-B C D 

Benefits 
Costs 
B - C 
B/G 

8.0 
5.0 
3.0 
1.6 

3.0 
1.0 
2.0 
3.0 

5.0 
4.0 
1.0 
1.25 

6.0 
4.0 
2.0 
1.5 

4.4 
4.0 
0.4 
1.1 

The observant reader will immediately realize that the 
decision to accept project A or project Β will depend upon 
what the alternative uses of the difference of 4 units of costs 
will be. One must first determine which marginal projects 
would be rejected if one were to choose project A. If a sub
set of these projects with a total cost of four units has dis
counted benefits of 5 units or more—or, alternatively, if it 
has a B/G ratio greater than 1.25 — project Β in combina
tion with these marginal projects would be the preferable 
investment bundle. If a planner is faced with the problem 
of choosing the five or ten best projects from a list of fifty 
he will have to choose one subset out of a possible (250 - 1), 
or approximately 1015 choices. This problem can be easily 
solved with the aid of B/G ratios. 

The algorithm is quite simple. The independent projects 
with their costs are arranged in order of decreasing B/G 
ratios. By adding cumulative total costs, the planner can de
termine when the budget has been exhausted. When two 
projects are mutually exclusive, the one with the highest 
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B/C ratio is included. After the marginal project has been 

found, the alternative project with the highest marginal B/C 

ratio is reintroduced.1 The introduction of an alternative 

project with a lower B/G ratio will mean that some of the 

marginally accepted projects will have to be rejected since 

the alternative project must have a greater cost.2 If the 

marginal B/C is greater than the B/C of the combined mar

ginal projects which must be eliminated, the alternative pro

ject is kept and the next alternative project with the next 

highest marginal B/C ratio is tested. This process is continued 

until an alternative project is rejected. In Table 2, project 

A will be excluded if project C is the marginal project. If 

project D is the marginal project, project Β will be excluded. 

The set of projects obtained in this manner satisfies the 

requirements tha t the sum of the benefits minus the sum 

of the costs is maximized. No better set of projects exists. 

5. D I S C O U N T RATES 

As was stated earlier, the procedure described above is 

based on the acceptance of an a priori discount rate. In this 

section we will attempt to shed some light on the meaning 

of a rate of interest that is used to discount future costs and 

benefits. In the process it will be necessary to demonstrate 

how the discount rate should be determined in order to ful

fill its proper role. 

Planners often accept an interest rate with no apparent 

1. The marginal B/C ratio is the ratio (Ba - B) / (Ca - C) where «a» 
stands for alternative. 

2. The alternative project must have a higher Β - G or it would be 
inferior by both criteria and could not be considered as an alternative. 
In order for an alternative project to have a lower B/G ratio and a 
higher Β - G it must have a greater G. 
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thought as to its relevance. They may choose it because it 
is the rate that is used in other countries, or because it is the 
rate that they will have to pay the government for the in
vestment funds if the project is carried out. They may even 
choose it because it is a rate at which the project will have a 
positive present value and therefore a greater chance of being 
carried out. Unfortunately, none of these reasons has any 
foundation in sound economic theory. 

The interest rate is a price. As with any equilibrium price, 
it equates the ex ante supply of funds to the ex ante demand 
for funds. In most underdeveloped countries the capital 
market is far from perfect. The supply of funds is inelastic with 
respect to the interest rate, while the demand for funds (i.e., 
the amount needed to undertake all projects with positive 
present values at the existing interest rate) is far greater than 
the supply. As a result, there is no existing price which can be 
called an equilibrium price. Two extreme discount rates are 
usually available as guideposts : the social rate of time pre
ference (SRTP), which is generally associated with a low 
discount rate; and the scarcity price of capital (SPC), which 
is generally associated with a high discount rate. 

The low SRTP discount rate rests heavily on a social 
value judgement: it is the rate at which society, or the govern
ment, opts to discount the value of future income. It has the 
feature of social desirability — however elusive and mercu
rial such an idea may be. On the other hand, the use of the 
high SPC discount rate rests on the proposition that the dis
count rate is the rental price of capital ; therefore, it should 
function to equate the demand for capital with the limited 
supply without creating a need for secondary decision rules. 

Countries that plan over long-time horizons are especially 
inclined to use the low discount rate, since it will give 
more weight to output in the later time periods. China is a 
good example of a country using this procedure. However, 
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a long time horizon — even if it is coupled with the extreme 
goal of maximization of income in the final time period — 
is not sufficient justification for the use of a rate of interest 
lower than the scarcity rate. The reason for this is that the 
SPG is the value of capital in the marginal project, the alter
native cost of the capital and the marginal alternative growth 
rate (i.e., it is the rate of growth of output associated with 
the marginal projects). Any lower interest rate will not re
flect the alternative cost of the investment funds.1 An example 
will serve to demonstrate this. 

Consider project A and project Β with their respective in
vestment return sequences of (—1, +2, +1) and (—1, 0, 
+4). The two projects have the same present value at an 
interest rate of 66.7% (See Figure 2). At a rate of interest 
below 66.7% project Β will be better, while at a rate of in
terest above 66.7% project A will be better. The shadow rate 
of interest will be the deciding factor in determining which of 
these two will be chosen if they are the marginal projects. 

If one were to use the low SRTP as the discount rate one 
would choose the second project. However, if the projects 
were bidding for the investment funds, the former project 
would be able to bid a higher price. In order to show that 
project A is better than project Β even with the extreme goal 
of maximizing income in the final period, one must show 
that by reinvesting the return of the second period one could 
obtain a higher third year return. The basic assumption one 
must make to show this is that the marginal rate of return 
on investment in the second year would be equal to the rate 
of return on the marginal rejected project in the first year. 
Under the conditions of uncertainty about future investment 

1. Note that if the SRTP is greater than the SPG one would 
always use the SPG. This would be a case where capital was rela
tively abundant. The difference between the two rates would be the 
Marshallian cosumers' surplus. 
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possibilities and future investment resources, this would appear 
to be a reasonable assumption. Surely there is no historical 
basis for believing that the marginal rate of return would tend 

Figure 2 
PRESENT VALUE PROFIT OF THREE INVESTMENT SEQUENCES 

esent 
a lue 

-> Discount Rate 
(percent) 

to be either higher or lower than it is at present. If the margin
al project is a project G with an internal rate of return of 
100%, project A would have an investment-reinvestment 
sequence of (—1, + 2 , + 1) plus (0, —2, + 4 ) , or (—1, 
0, + 5 ) . This is obviously superior to the sequence (—1, 0, 
+ 4). 

7 
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The major objection to this procedure is that the possi
bility exists that the returns of year two would not actually 
be reinvested. The argument suggests that if one is aiming 
for the highest possible output in period three the uncertainty 
about reinvesting the output in period two might tip the 
scales in favor of project B. However, if in period two we 
decide not to invest the returns, we must have a good reason 
for this decision. The reason can only be that our rate of 
time preference has changed over the intervening year and 
has become greater than the 100% return which we can 
get from this investment. The fact that in period two we 
may decide that we no longer wish to maximize our income 
in period three (preferring instead to consume our income 
in period two), should not cause us concern in period one. 
If we do reinvest our income in period two we will be better 
off with project A. If we decide to consume our income in 
period two we are still better off with project A since it has 
given us the added flexibility to take a second choice armed 
with additional knowledge. Surely the ability to change one's 
mind should not be considered as a negative factor in the 
evaluation of a project. 

We have suggested that the rate of interest which should 
be applied to the evaluation of discounted costs and benefits 
of a project is that rate which eliminates the need for other 
secondary criteria. Any project that is acceptable by our 
cost benefit analysis should not have to submit to further 
tests with respect to the availability of funds. This means 
that the marginal project should have a present value of 
zero when discounted at the «appropriate» interest rate. This 
interest rate must be the internal rate of return of the margin
al project. 

The problem confronting the planner is that of finding 
the internal rate of return on the marginal project when he 
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needs to know this discount rate in order to find the marginal 
project! 

The procedure that suggests itself for determining those 
projects which should be recommended simultaneously with 
the shadow scarcity price of capital is that of constructing 
a demand function for investment funds. By allowing each 
project to bid for investment funds, and ordering the projects 
by the price each is willing to pay, one can construct a simple 
Marshallian demand function for investment. The point at 
which the supply of funds function crosses this demand function 
will determine both the marginal rate of interest at which 
we should discount the benefits of the project and the pro
jects that should be recommended. One would have to deal 
with mutually exclusive projects by including the one with 
the highest internal rate of return. After finding the approxi
mate scarcity price of capital one could determine which 
of the projects is preferable according to the procedure out
lined above. It is necessary to redetermine the scarcity price 
of capital if the list of projects changes. 

The procedure outlined above would be sufficient if each 
project had one and only one internal rate of return. How
ever, many investment sequences have more than one 
internal rate of return. In general, an investment sequence 
will have as many internal rates of return as there are alter
nating periods of net investment and net return. The invest
ment sequence (—1, +14, —56, +64) has internal rates 
of return at 100%, 300% and 700%. In attempting to make 
a Marshallian demand curve, which internal rate of return 
should one use? 

The internal rate of return is used only as a tool to determine 
which projects are marginal. The planner is not interested 
in the cardinal or ordinal ordering of all the projects which 
are accepted. He is interested only in the discount rate which 
«creates» just enough acceptable projects to completely 
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allocate the available resources. In order to eliminate the 
problem of multiple internal rates of return greater than 
the marginal rate, the planner must recalculate the present 
value of all acceptable projects, using the internal rate of return 
of the marginal project. Any project which has a negative 
present value should be rejected. If a previously acceptable 
project is rejected the entire procedure must be repeated. 

The problem of multiple internal rates of return below 
the marginal interest rate cannot be handled as simply. One 
would have a difficult time deciding whether to accept or 
reject the above-mentioned project if the social discount rate 
was 200% and the marginal rate were found to be 400%. 
Although the project would be accepted by the previous 
criteria, it would lead to a socially undesirable flow of output 
(i.e., negative present value) by the social discounting crite
rion. The only way to solve the dilemma is to use the reinvest
ment assumption. If the marginal return is 400%, the above 
investment sequence would yield a new sequence of (—1, 0, 
+ 24,+64) after the reinvestment of the output of period 
two for use in period three. This new sequence has only one 
internal rate of return (slightly less than 500%). 

One further note of caution must be added. Projects with 
multiple internal rates of return may call for substantial in
vestments in periods outside the immediate planning horizon. 
Although commitments for periods beyond the planning hor
izon are difficult to justify, they are a necessary part of any 
long-range project such as a national highway system. How
ever, it should be remembered that nothing will force the 
planner to make this reinvestment when the time comes if 
the situation has changed enough to warrant reconsideration. 
Plans are made on the basis of imperfect knowledge and are 
likely to change as more information becomes available. T o 
expect that in a changing world a decision once made must 
be maintained is to invite disaster. 
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5. CONCLUSION 

This paper has attempted to demonstrate some ways of 
dealing with the analysis of investment projects when the 
market mechanism does not give sufficient price information for 
the optimum allocation of resources. When the price mechan
ism does not work correctly, the planner can no longer ex
amine his projects in splendid isolation, even if they create 
no external economies or diseconomies for the rest of the econ
omy. 

The planner must take into consideration the fact that un
employment is a major political and economic problem in 
the economy. At the same time he must realize that the use 
of this unemployed labor will absorb scarce resources which 
do have alternative uses. 

Most important, the planner must constantly remind him
self that the government budget is limited, and that any de
cision to initiate a project will inherently necessitate a joint 
decision not to inititate another project. The act of planning 
is fundamentally the act of choosing between the alternative 
uses of scarce resources and, therefore, must take into con
sideration all alternative uses of these resources. 

Of course, decisions are not nearly as simple as has been 
suggested in this paper. Many projects will indirectly affect 
the governmet's future budget. When a choice of projects 
affects the total availability of government funds as well as 
the costs and the benefits of the project, the interdependencies 
become far too complicated to analyze in a simple way. 
For instance, if a new road reduces the amount of gas con
sumption by motor vehicles for a trip, total revenues from 
gasoline taxes are reduced. The question of how to evaluate 
this loss of tax revenue is, unfortunately, far too complicated 
to be dealt with in this short paper. 

- 101 



Some aspects of project evaluation in an imperfect world 

REFERENCES 

1. PETER T. BAUER AND BASIL S. YAMEY, TL· Economics of Underdeveloped 

Countries. Chicago, 111. : The University of Chicago Press, 1957. 

2 O T T O ECKSTEIN, Water Resources Development : TL· Economics of Project 

Analysis. Princeton, N . J . : Princeton University Press, 1961. 

3 . CHARLES H. G. K A O , K U R T R. ANSCHEL AND CARL K. EICHER, «Dis

guised Unemployment in Agriculture: A Survey», in Carl K. Eicher 

and Lawrence W. Witt (editors), Agriculture in Economic Development. 

New York: McGraw-Hi l l Book Company, 1964, pp . 129 - 144. 

4 . N . KOESTNER, «Some Comments on Professor Nurkse's Capital Accu

mulation in Underdeveloped Countries», L'Egypte Contemporaine, Vol . 

44, (April, 1953). 

5 . ROLAND N. M C K E A N , Efficiency in Government Through Systems Analysis. 

New York: J o h n Wiley and Son, Inc . , 1958. 

6. RAGNAR NURKSE, Problems of Capital Formation in Underdeveloped Coun

tries. New York: Oxford University Press, 1953. 

7. AMARTYA K. S E N , Choice of Techniques. Oxford: Blackwell Press, 1960. 

8 . ADAM A. PEPELASIS AND PAN A. YOTOPOULOS, Surplus Labor in Greek 

Agriculture, 1953 - 1960. Athens: Center of Economic Research, 1962. 

< 



PARTIAL ANALYSIS AND SHADOW PRICES: 

AN EMPIRICAL EXAMPLE 

By 

ALEXANDER KYRTSIS 

Fellow, 
Center of Planning and Economic Research 





1. AN INTRODUCTORY DISCLAIMER 

Economists who address their writings to the layman 
usually end up by having them read by fellow economists. 
In order to avoid this embarrassing situation, I will direct 
this paper to the layman-economist: he who happened once 
to acquire the tools of the trade, but never had occasion to 
apply them to project appraisal and shadow prices. My pur
pose is to illustrate how the same tools cut differently in the 
hands of the private entrepreneur and of the government. 

2. SHADOW PRICES 
VERSUS MARKET PRICES 

The life of the businessman has been simple — actually, 
so simple that, we have it from authority, an Invisible Hand 
is sufficient to guide him. At the very least, the businessman 
knows what he does: he maximizes profit. The Invisible 
Hand frees him from all other cares. Recently, the government 
has also begun to take an active interest in business enterprise. 
By extension, the goal of government has come to be known 
as maximizing social welfare. As the scope of the goals is 
different, the elements of the economic analysis also differ 
for business and government. 

Take, for example, the life history of an economic project 
as viewed by a private enterprise and by the government. 
Perhaps the most difficult decision in project planning is 
whether an investment should be undertaken at all. The 
private entrepreneur is called upon to answer this question 
within a limited range of alternatives. In most cases, his field 
of choice is effectively restricted by important capital limit-
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ations. And in nearly all cases, the greater specialization of 
private enterprise so increases the costs of a project that lies 
outside its circle of operations, or so decreases its benefits, 
that it would never come up for consideration. So, the effect
ive choice is usually restricted to a narrow list of rather 
similar projects. The Chrysler Corporation, for example, 
may want to know if it would be profitable to build a plant 
in Greece; Puss'η Boots cat food may be interested in entering 
the European market; and the Macedonian farmer, after 
having waited twenty years for government support, may want 
to decide if it will be worthwhile for him to invest in irriga
ting his own land and to forget about the dam he has long 
been promised by the politician. It is highly unlikely that 
the Chrysler Corporation will be interested in irrigating a 
Macedonian farm, or that an American cat-food enterprise 
will be interested in building a car factory in Greece. 

On the other hand, the government's interest in the eco
nomic field is many-sided. There is hardly any boundary 
to its activities and it rarely recognizes its limitations. Besides, 
its budgetary constraint for purely economic projects is 
constantly further released, either by the secular increase in 
the gross national product, the also secular increase in the 
tax revenues (and rates too), or the gradual decrease of na
tional defense expenditures — at least for the countries that 
have the privilege of being too small to matter. 

After delimiting the range of projects, both the businessman 
and the government are faced with the problem of deciding 
priorities. It is convenient to rank the alternatives according 
to a criterion and to start choosing from the top. Although 
the criterion question has been confused by unnecessary 
hairsplitting in economic literature, I will be accommodating 
enough to be counted as one of the net benefits sympathizers. 
Accordingly, the projects with the maximum benefits minus 
costs are placed at the top of the list, while those with the 
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lowest are put at the bottom. It looks easy, but for the fact 
that inputs and outputs are not usually commensurate com
modities. It is fortunate for the economist that they are not; 
otherwise, the engineer might have finished the job single-
handed. The job of the economist is to translate. Both 
benefits and costs must be translated into money terms, so that 
a simple subtraction is feasible. The translation instruments 
are prices and the rate of interest (which is also a price). 

The rate of discount proposes to reduce all the inter-tem
porally different benefits for the lifetime of the project, as 
well as all the inter-temporally different costs of the project, 
to the same time dimension. Although the choice of the rate 
of discount is a difficult problem, it may still be easier for 
the private entrepreneur than for the government. A busi
nessman might be willing to take his lending or his borrowing 
rate of interest. The government, on the other hand, knows 
better than doing so. The main reason for this is that the 
government itself, more often than not, happens to be the 
oligopolist in the capital market, thus distorting the real 
rate of interest. Besides, the government has the privilege 
of being able to afford to be extravagant and to fix the rate 
of discount too high or too low. If the rate of discount happens 
to be high (the tendency in Western countries), then it will 
put a premium on projects with costs spread out in the 
future and with benefits that can be quickly realized ; if, on 
the contrary, the discount rate is low (the tendency in Com
munist countries), the premium will be on projects that 
have the highest net benefits regardless of the time path 
that they are cropped. In this case, it will be immaterial if 
all the costs have to be incurred at the outset, while the ben
efits begin to accrue twenty years thereafter. More import
ant than the obvious philosophical notions underlying the 
choice of the discount rate, is the fact that different choices 
are likely to provoke severe changes to the technical compo-
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nents of the projects, as well as to the actual ratings of the 
projects on the priority list. 

The second problem in quantifying the benefits and costs 
is the price tag which we must attach to each of them. 
For private enterprise in a capitalist country this process 
is rather easy because the market price can be used. 
Naturally, there may be some difficulties involved even 
in private enterprise, since projections of demand and 
price must be made; but at least there is a concrete 
foundation of data on which statistical calculations can be 
built. 

For government calculations, the problem is very different 
and much more complex. The market prices can still be used 
as general guidelines. However, the government is keenly 
aware of the flaws in the work of the Invisible Hand and 
knows that it is not to be taken for granted. Taxes, duties, 
quotas, subsidies, and the like have all been external forces 
distorting the free operation of the market. It is with these 
facts in mind that the government cannot accept the market 
prices as reflecting the true costs to society. It therefore sets 
itself in search of shadow prices : prices which do reflect the 
real cost of goods to society. 

Linear programming is one method for finding shadow 
prices. The object of linear programming is the establishment 
of the requirements for equilibrium. It assigns «accounting 
prices» instead of market prices and then proceeds by itera
tion to try successively different accounting prices which 
bring the system closer and closer to equilibrium. The ac
counting prices at the point of equilibrium are equivalent 
to shadow prices. 

Once again, the theoretical answer to the problem is 
comparatively simple. In many cases, however, finding the 
shadow prices through linear programming proves to be an 
impossible task. In most of the less developed countries the 
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available data are not sufficient for detailed programming 
which will indicate the shadow prices of specific inputs and 
outputs. This is a constraint that many mathematical theore
ticians overlook. Whatever the future may have in store for 
the practical application of their theories, they should not 
be blind to present realities. 

Perhaps the best one can do at this point is to take an 
imploring look at partial analysis — the evaluation of isolated 
projects — to see how shadow prices can be dealt with on a 
lower level of planning. This is a thankless task for the 
perfectionist, since it involves many inexact criteria. Whether, 
in the balance, it is better to have insufficient data or in
exact criteria will depend on the particular project, the spe
cific country, and the country's particular political outlook. 

For the remainder of this paper, I will assume that pro
ject decisions are made by partial analysis. 

3. AN E M P I R I C A L EXAMPLE 

I will take a somewhat extreme example in an effort to 
illustrate a number of the conundrums connected with 
shadow prices. In my example I will deal with an imaginary 
country : Cypreece. Its monetary unit is the drachle. Cypreece 
has an imperfect economy and an active government sector : 
it collects taxes and import duties; it has adopted a policy 
of fixed exchange rates ; it operates public enterprises ; it pays 
unemployment insurance; and it promotes social goals. 

A private entrepreneur has proposed a fertilizer plant as 
an import substitution industry. His technical adviser pre
sents him with the figures in Table 1. (Indeed, they are highly 
peculiar figures; however, they have the advantage that they 
illustrate the point while making numerical calculations 
relatively simple.) The adviser informs the entrepreneur that 
construction costs would amount to 5 million drachles a 
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year for four years, i.e., a total of 20 million drachles. There 
would be a 6-year gestation period before the plant could 
begin its production (!) ; then the plant would operate for 
10 years. The operating costs (including raw materials 
at projected market prices) would be 6 million drachles per 
year. The entry of the firm into the market could not be 
expected to influence any of the market prices during the 
ten-year active lifetime of the plant. Gross earnings could be 
expected to be 8 million drachles per year over the 10-year 
productive period of the plant. 

After studying the Table and the relevant Figure 1 and 
doing his homework, the entrepreneur is disappointed. He 
started his calculations with the notion that an inequality 
should hold if the project is to be profitable: discounted 
benefits — (discounted initial costs + discounted operating 
costs)>0. He realizes that, at best, the discount rate will 
be zero ; in this case, the total cost of 80 million drachles over 
the twenty-year lifetime of the plant will be exactly offset by 
the 80 million drachles benefit over the same period. For 
any discount rate greater than zero, the initial costs which are 
closer to year zero will receive a greater weight, and the 
project will be unprofitable.1 

The results of the entrepreneur's feasibility test reach the 
ears of the Government, which receives them with equal 
disappointment because fertilizer holds an important place 
in the Government's plans for agricultural development. 

Mindful of the fact that what is not profitable for the 
individual may be socially profitable, the Government com
missions its own feasibility study. In contrast to the entre
preneur, the government economists use shadow prices in 
their evaluation of the cost and benefit streams in an attempt 
to reflect the real scarcity value of the resources. In this case 

1. For positive interest rates, the compound interest tables are used to 
determine the benefits-costs discounted back to year zero. 
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TABLE 1 
SOCIAL AND MARKET PRICES OF A FERTILIZER PLANT 

A. Initial costs 
(over 4 years) 
1. Imported 

equipment 
2. Customs duties 
3. Domestic 

capital 
4. Skilled labor 
5. Unskilled 

labor 
(previously 
unemployed) 

Total 

Market Costs 
(million 

drachles) 

Annual Total 

2.50 10.00 
0.25 1.00 

0.75 3.00 
0.50 2.00 

1.00 4.00 

5.00 20.00 

Cost 
(dollars) 

Annual 

1.25 

Rate of 
Exchange 

(drachles per 
dollar) 

Official Parity-

2:1 3 .1* 

Social Costs 
(million 

drachles) 

Annual Total 

3.75* 15.0 
0* 0 

0.675* 2.7 
0.50 2.0 

0.50* 2.0 

5.425 21.7 

B. Operating costs 
(10th to 20th 
years) 
1. Skilled labor 0.50 5.00 
2. Unskilled 

labor 1.00 10.00 
3. Raw materials 2.00 20.00 
4. Upkeep 0.50 5.00 
5. Imported 

materials 2.00 20.00 

0.50 5.00 

0.50* 5.00 
2.00 20.00 
0.50 5.00 

1.00 2:1 3 .1* 3.00* 30.00 

Total 6.00 60.00 6.50 65.00 

C. Benefits 
(10th to 20th 
years) 8.00 80.00 12.00 120.00 

* Asterisk indicates use of shadow price in the calculation of social 
costs. See the text for explanation of each transformation. 
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they are able to build on the results of the entrepreneur's feasi
bility test, attempting only to transform the market prices 
into shadow prices: 

(a) They subtract the 10% sales tax from the 3.0 million 
drachles of domestic capital, leaving 2.7 million drachles as 
the shadow cost of the domestic capital. (Should there be a 
subsidy, it will also be subtracted.) 

(b) Since customs duties are artificial distortions of the true 
value of goods, they should be subtracted from the costs of 
importing foreign material. They, therefore, eliminate the 
1 million drachles payable for duties from Table l.1 

(c) Unskilled labor, previously unemployed, has received 
unemployment compensation; therefore, the social cost of 
employing it is the wage bill minus this insurance. It is esti
mated that the wages paid to unskilled labor in the fertilizer 
plant will be twice the amount paid by the Government 
as unemployment compensation. Consequently, the true 
social cost of employing unskilled labor will be only half of the 
wage bill. The initial costs are therefore reduced from a 
total of 4.0 to 2.0 million drachles, while the annual operating 
costs are reduced from 1.0 to 0.5 million drachles. 

( d) We have witnessed Cypreece's need to impose customs 
duties. Since these duties extend into the sphere of goods 
necessary for economic development (e.g., equipment) and 
are not restricted to luxury goods, there is an implication 
that the official rate of exchange is lower than what the free 

1. This correction is simple when limited to the direct effects of these 
taxes and duties. Indirect effects, on the other hand, are often impossible 
to estimate. Such an example is the indirect effect that a sales tax on 
margarine might have on the price of butter. The case is similar for sub
sidies; if the subsidy is direct, it will merely have to be subtracted; but 
if the subsidy is indirect, it will often be impossible to correct the subsi
dized price. Consider the case of raw materials being obtained cheaply 
because of subsidized transport. See [1, p. 203]. 
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rate would have been. If the foreign exchange market were 

completely free, it is possible that the market forces would 

establish an equilibrium rate. This, however, is not the case ; 

governments often set an over-valued exchange rate in order 

to avoid increases in the price of imports, or to reap some of 

the profits from the exports of certain goods. However, this 

leaves the social rate of exchange greater than the official 

one. That is to say that from the welfare point of view, the 

government is not indifferent about whether certain goods 

of identical quality are bought in the domestic or the foreign 

market; it will be to its distinct advantage to buy from the 

domestic market. The problem of correcting the exchange 

rate so that it reflects the true social cost of foreign exchange 

is extremely difficult and has yet to be solved satisfactorily. 

If we accept the validity of the parity rate, the social ex

change ratio of Cypreece is 3:1, rather than the official 2 : Γ.1 

Using the above figures, as summarized in Table 1, the 

economists carrying out the feasibility test draw up a new 

benefit-cost profile. This appears in Figure 2. 

By discounting back to year zero, we find that the benefits 

minus the costs are indeed greater than zero, from the 

Government's point of view. An internal rate of return of 8 

percent is found for the project by the inverse use of the 

compound interest tables. That is to say that if we were to 

discount the cost and benefit streams throughout the project's 

1. Estimating the true exchange rate by the "parity rate" method, 
we chose a base year when the foreign exchange market was compara
tively free and, hence, the official exchange ratio approached the real 
ratio. Assume that this was 2:1 in Cypreece, with respect to the U.S. 
In time, the prices moved unequally in the two countries : the price index 
in Cypreece moved from 100 to 150, while that of the U. S. remained 
stable. Then the parity rate will change by the inverse of the price in
dexes : 

Parity rate = ? = 3. Cf. [1]. 
1 100/150 
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lifetime back to year zero, the benefits would be exactly 
equal to the costs if an 8 percent discount rate were used. 
There is nothing, however, which tells us that the rate of 
interest is, in fact, 8 percent. All the economist can tell the 
government decision maker at this point is that if the social 
interest rate is lower than 8 percent, the project is profitable; 
if it is higher, it is not. 

Suppose, now, that the decision maker accepts the 8 per
cent interest rate, but expresses qualms about the parity rate. 
In this case, the economist will tell him that for exchange 
rates greater than 3:1 (say 4:1), the project is more profit
able, while for exchange rates less than 3:1, the project is 
not profitable. 

The decision maker is a bit concerned because he has 
accepted the 8 percent interest rate without any evidence 
that it is the correct one. What he would really like to know 
is whether a trade-off line can be found between variations 
in the interest rate and the rate of exchange. The economist 
then makes a graph for the politician, as in Figure 3, by 
plotting the ordered pairs of interest rates and exchange 
ratios that will make the project break even. The project will 
be profitable if the point describing the actual interest rate 
and the actual exchange ratio lies below and to right of the 
line. 

In this example, the Government's hunch was correct: 
even though the project is not profitable for the entrepreneur, 
it is socially profitable. 

Another interesting point resulting from the use of shadow 
prices is that the technical choice for the plant may be changed. 
Since we found that imported equipment is more expen
sive and labor is cheaper than the market price would seem 
to indicate, we may be able to achieve a technical trade-off, 
whereby less capital and more labor is used. The impli
cations of this are that the project can become even more 
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profitable if, after all of the above calculations are made, 
we call in the technical expert to re-determine the most 
efficient design for a fertilizer plant given the shadow prices. 

4. CONCLUSIONS 

In this paper I have touched on only a few of the many 
problems confronting project appraisal and the use of shad
ow prices. In many cases I could only state the problem, 
not solve it. Indeed, Tinbergen, speaking of the accounting 
prices which he proposes, warns that they, at least in principle, 
can be estimated only for complete programs and not for 
separate projects. Chenery advances the same idea in con
nection with the computation of equilibrium prices with 
the aid of linear programming. But, as Tinbergen admits, 
even this method works only in principle. 
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1. I N T R O D U C T I O N 

Capital is a multiperiodic input of production: it jointly 
supplies outputs with different time subscripts and it contri
butes a major part of its services to future rather than to 
current production. While the distinction between current 
and future services may be unimportant for some purposes of 
analysis, production theory is exclusively concerned with the 
former. Only the current service flow of capital goods belongs 
to the production function as an input. 

It is unfortunate that data on physical capital service 
inputs (e.g., tractor hours worked) are notoriously scanty; and 
besides we presently lack a well-organized service market 
which could readily provide a monetary evaluation of physical 
capital service inputs if such were available. Therefore, 
in the absence of an operational measure of the current flow 
of capital services, the production function analysis has tra
ditionally relied on a capital stock concept — be it in physi
cal terms or in its monetary value counterpart — to provide 
the relevant capital input. The first question is: how satis
factory is a capital stock input as a proxy for the ideal of the 
current service flow input? 

Mercifully, in certain cases either concept may be used, 
provided that we are willing to assume proportionality be
tween the capital stock and the current service flow. In a 
production function of a multiplicative form, the Cobb-
Douglas for instance, it does not make an essential difference 
if we measure any input up to a factor of proportionality. 
The constant term will absorb the proportionality and the 
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elasticities of production will remain the same.1 However, 
capital stocks and current capital service flows, both summed 
over a number of capital components for the purposes of aggre
gate production function analysis, are proportional only under 
the most restrictive assumptions. This is the familiar problem 
of aggregation: only if the relationship between stock and 
current service flow was linear for each capital component, 
stable relationships between aggregates, such as the sum 
of stocks and the sum of service flows, would be likely to 
exist [6, p. 65]. The next section demonstrates this pro
position. The suggestion is that only the gross stock capital 
concept provides a measure proportional to the current service 
flow, if, and only if, we assume that both stock and flow 
are aggregated over strictly homogeneous components, as the 
term will be defined below. Use of the other commonly em
ployed capital stock concepts usually results in a biased esti
mate of the contribution of capital in the production process. 

However, capital stock concepts may still be used in order 
to derive an estimate of current service flows, provided that 
these flows are first derived at the micro level, individually 
for each capital component and only then they are summed 
over the economic unit, for example the firm, that composes 
the unit of analysis. This microanalytic approach is demon
strated in connection with two different kinds of capital com
ponents. For capital assets that may be assumed to provide 
a regular (i.e., constant) flow of services in every period of 
production throughout their lifetime, the original capital 
stock value may be used to derive an estimate of the current 
service flow. On the other hand, in the case of capital assets 

1. Incidentally, the marginal productivity of capital will change, 
since it is the product of the capital elasticity times the inverse of the 
average capital-output ratio. But then we should remember that we do 
not talk about the marginal productivity of physical capital units anymore, 
but that of capital services. 
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that render an irregular (i.e., nonconstant) time distribution 
of service flows of unknown shape, the net capital stock func
tion is used to estimate the service stream function. Then, 
the service stream function is specified at the age of each 
capital asset to provide an estimate of the current service 
flow, which is aggregated over all the capital assets of a firm. 

A detailed questionnaire survey of 430 Greek farms pro
vided the data for the estimation of cross-section Cobb-
Douglas production functions [reported in 8] and also the 
opportunity to experiment with the two alternative capital 
measures, the stock and the flow. The capital coefficients that 
are reported in the penultimate section provide the empirical 
justification for the application of the microanalytic flow 
approach to the capital input problem. 

The computational procedure used to estimate current 
service flows involves the rate of discount as a parameter. 
Therefore, the last section of this paper provides an empir
ical example, also based on the same Greek data, to demon
strate how an approximate rate of discount may be stipulated 
for use in such cases. Mercifully, however, it" turns out that 
stipulating a rate of discount is only of secondary importance. 
Experimentation with alternative rates showed that the 
capital coefficients estimated are not sensitive to specification 
of this parameter value. 

2. STOCK VERSUS FLOW CONCEPT 
OF CAPITAL INPUTS 

In exploring the relationship that exists between the stock 
and the current service flow of capital, it will be instructive 
to think of capital as an onion : the bulb is the stock and each 
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skin layer is a flow. It turns out that we can approach both 

gross and net capital stock concepts by making different 

assumptions about the onion bulb and the skin layers. 

Suppose that our capital truck garden is planted with 

onions, each composed of ten skin layers of the same thickness 

and quality. Each year one layer is peeled off until, at the 

end of ten years, the onion disappears. Each year's peelings, 

then, are proportional to the original onion bulb. 

The lesson for capital is simple enough in this case. T h e 

analogy emphasizes the conditions that are necessary and suf

ficient for proportionality between stock and flow to hold. Both 

service flows and capital stocks should be homogeneous. Service 

flow homogeneity means a rectangular service flow distri

bution: capital renders the same regular stream of services 

each period until it is retired. In other words, we have the 

light-bulb case, or a one-hoss-shay world in which there is 

no deterioration of the current flow of capital services with 

age. Capital stock homogeneity means that all capital has 

the same durability. If these two conditions hold, the original 

stock of capital — or its money value — is proportional to 

its current service flow.1 This is the gross capital stock concept, 

1. This can be easily shown: Assume that there are two capital assets 
that have the same durability Τ (finite or infinite) and the same annual 
service flow R (also the same rate of discount i is applicable on both). 
Then we write for the (original) capital stock: 

Given Τ and i, the factor of proportionality between V and R is: 
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which carries a capital asset at its original value until it is 
retired. 

Land is an ideal input that conforms to the two stringent con
ditions about homogeneity. Suppose that we can solve the prob
lem of different land grades either by defining them as differ
ent inputs, or by converting them to a common grade 
through a physical conversion factor. It is convenient to em
ploy the Ricardian assumption that land (if properly main
tained) is «inexhaustible», i.e., its durability is infinite. It 
enters the production process in the beginning of the period, it 
renders its services, and it is still «intact» at the end and ready 
to be employed again. Then the gross capital concept of land 
is proportional to its current service flow. In a perfect market, 
of course, the value of the service flow of land is its rent 
and the proportionality factor between land rent and land 
value is the rate of discount. 

We now drop the assumption of the same number of 
layers. God's little acre of onions is composed of some bulbs 
with only five layers and some with ten layers. Still, though, 
each layer has the same thickness and quality. If the total 
number of bulbs is still the same as before, the number of 
one year's peelings is the same. But what is the stock of 
onions in this case? The answer is the same as before only 
if we sum together five-layer onions and ten-layer onions. 
But this does not sit well with our professional conscience be
cause we have learned that we cannot add non-homogeneous 
units. Assume that we at tempt to homogenize the different-
layer onions by the use of a conversion factor. An obvious 
conversion factor is two for the big bulbs and one for the 
small. But then, the total onion stock is only seven and one-
half times greater than the peelings of one year, rather than 
ten times as it was in the previous case. Thus the proportion
ality factor has changed while the current service flow re
mains the same. 
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The reading is obvious if we interpret onion bulbs to mean 

capital stocks. Although the present service flow does not 

change, the corresponding gross concept that is obtained by 

adding together the original value of capital assets of different 

durability varies with the life span of the assets. Thus the pro

portionality relation between flow and stock does not hold 

except for constant distributions of asset life spans.1 

Both cases of the gross stock concept may be illustrated 

with reference to Figure 1. In the case of equally durable 

assets, the sum of their $100 current service flows is propor

tional to the sum of their $1000 original stock value (for a 

zero rate of discount; otherwise it is proportional to the sum 

of their $615 gross stock value for a .10 rate of discount). 

This is no longer true when we are concerned with two assets, 

one of which lasts for ten and the other for nine years. While 

the ratio of the original gross stock value to the constant 

1. This can also be easily shown. To simplify, assume that there are two 
assets, both with life expectancies from 0 to, T; only that the second has 
already exhausted one year of its life. The ratio between stock and flow 
for the first is given by (In.); while for the latter we have: 

Vj = R f e_it dt = R I - -1 e" 
T 

R e _ i _ R e-iT = R Γ J _ _ J_ 
i i i l e » e i T 

ei(T-i) j ι R ei(T_i)_1 

eiT eiT J £ eiT 

Given Τ and i, the ratio between stock and flow becomes: 

VT 1 e ^ - l 
ι 

R 1 e 

(2n). 

Since (e l T — 1 )^> (e l ( T _ 1 ) —1 ), we may formulate as: 
Theorem: The use of the capital stock concept instead of the service 
flow concept places more weight to the more durable asset. 
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Value 
a l l a r s ) 

Age 
( y e a r s ) 

Figure 1 
ASSETS WITH REGULAR STREAM OF SERVICES I ORIGINAL GROSS STOCK 

VALUE ( t = 0 ) AND NET MARKET VALUE AS A FUNCTION OF AGE FOR 

TWO ALTERNATIVE RATES OF DISCOUNT 

( Vt for i=0 and V/ for i= . 10) 

9 
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current service flow is 10:1 for the former (and for zero rate 

of discount), it is only 9:1 for the latter. 

Now it is time to become pragmatists and to drop both 

assumptions of service flow and capital stock homogeneity. 

Different onions have different numbers of layers, and the 

quality (i.e., the thickness) of the top layer changes as we 

continue to peel the overlayer. We first take up the case in 

which the underlayers become worse (or thinner) as successive 

layers are removed until we reach the last one — and the 

onion does not exist any more. In capital terms, the present 

service flow deteriorates until the asset is retired. Clearly, 

the original capital stock is no longer proportional to the 

current service flow. Even if we had to count with only ten-

layer onions, the relationship of the peelings to the bulb 

differs according to whether we are peeling off the thick or 

the thin layers.1 This case is illustrated in Figure 2. Even 

for assets with the same original durability, the ratio of the 

original gross stock value to declining current service flow 

varies for the different-age assets, the older being the asset, 

the higher the ratio. 

The assumption of the deterioration of the present service 

flow of a capital asset with age introduces the concept of net 

capital. There exist several net capital concepts, but the 

1. This can also easily be shown. To simplify, assume s is a constant 
rate of deterioration (amelioration) of the service flow as a function of 
time, i.e., R(t) = Re-St. Then we have: 

VT - R Γ e- ( i + s ) t dt — - —- - (3n.) 
v o — K I e d t - i + s e(i+s)T v ; 

Also: V = J L ,. r ^ - — . (4n.) 
1 i + s e(i+s)T 

Since: [ e ( i + s > T - l ] > [ e ( i + s ) ^ - l ] , clearly X« > X i . 
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Value 
!do1I a r s 

Age 
» ( y e a r s ) 

Figure 2 
ASSETS WITH IRREGULAR (DECLINING) STREAM OF SERVICES: ORIGINAL 

GROSS STOCK VALUE ( t = 0 ) AND NET MARKET VALUE AS A FUNCTION 

OF AGE FOR TWO ALTERNATIVE RATES OF DISCOUNT 

(Vt for i=0 and Vt' for i= . 10) 
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basic idea behind all of them is that instead of looking at the 
original onion one looks at what remains after a relevant 
number of layers have been removed. The crucial concept 
is the current stock rather than the original stock. Of the 
many variants of net capital we will deal here with only 
two: one connected with the physical depreciation scheme 
and one with the market devaluation scheme. 

According to the physical depreciation scheme, the gross 
capital stock is written down by the factor of deterioration (or 
decay) of the capital service flow that attends aging (and/or 
use). This represents the decrease in the efficiency of a 
machine which will be reflected in rising operating or main
tenance costs with each successive period of production, in 
expense due to time loss or, simply, in less output per unit of 
time. In terms of our onion, deterioration is the difference 
in thickness between two successive layers. It has already 
been shown that there does not exist service flow proportion
ality to original capital stock under the assumption of a 
constant rate of service flow deterioration. The proof is basic
ally the same for the relationship between the annual de
preciated stock and the current service flow — although if 
we assume a variable deterioration rate it becomes more 
difficult to work out the mathematics of the case. 

In the market devaluation net capital concept, the gross stock 
is not written down simply by the difference in the thickness 
of the layer in the beginning and at the end of the period, 
i.e., by the physical deterioration of the service flow with age. 
Instead, we let the market evaluate the current onion (i.e., 
the layers that presently exist on it) at the beginning and also 
at the end of the period. The question is: what does this 
difference consist of? Indeed, part of it is due to the fact 
that the top layer is now thinner than the one that was re
moved. This is the deterioration factor that also entered the 
physical depreciation scheme. However, there is more to it. 
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The market evaluation takes into account not only the de
cline in the current service flow of the asset as a result of one 
period's aging, but also its effect upon the economic value 
of all future services derivable from the asset. We may call 
this future service effect devaluation in contradistinction to 
depreciation that refers to the current service deterioration. 
Following Griliches, [2 and 3 ; also for a general discussion 
cf. 1] we will distinguish two factors in the devaluation. Ex
haustion is the differential (penalty in this case) that the market 
attaches to the fact that now there is one less year of life 
"left in the asset (one more onion layer has been removed) 
and the configuration of future service streams will no longer 
be the same. We are closer to that last layer that makes the 
difference between onion and no onion. Obsolescence is the 
penalty that is attached to old machines because of the prob
ability of better machines becoming available. 

I t is clear that the market devaluation net capital concept 
takes also into account factors that are not relevant in a 
current service flow computation. In this sense it overdepre-
ciates capital.1 

At least for production function purposes, a capital input 
measure should allow for the aging of an asset only to the 
extent that this affects the current flow of productive services. 
This is the deterioration factor. Otherwise aging does not 
constitute the basis for a legitimate deduction from the gross 
capital stock. With respect to exhaustion, the fact that there 
is less life left in an old machine does not make its contribu
tion to the productive process any worse. Thus, it should not 
be reflected in the capital input concept — nor does it enter 

1. This explains why Griliches [3, pp. 121 -23] gets a concave to 
the origin physical depreciation curve for tractors while a convex market 
devaluation curve. The difference can easily by attributed to exhaustion 
(a factor in the latter which is not included in the former) without re
sorting to the extreme assumptions he makes about strong convexity of 
deterioration and obsolescence. 
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the machine rent. The same holds true for obsolescence: it 
leads to a decline in the value of a machine only if we assume 
that the price of output is not constant over time. The rela
tive market return for the productivity of an old machine 
decreases if the appearance of «better» (i.e., more efficient) 
machines leads to a relative decrease in the price of output 
in the face of unchanged demand. In this case it leads to 
capital losses for the owners of old machines. However, obsoles
cence per se does not make the current flow of productive 
services of an old machine any worse.1 

The foregoing discussion of deterioration and devaluation 
can be generalized to include the case in which the present 
service flow first increases and then decreases as a function 
of age. Returning to the onion bulb, removing successive top 
layers first reveals thicker underlayers and eventually thinner 
ones until the onion is spent. Clearly, there is no reason for 
the obsolescence factor to be affected at all by the new change 
in the service flows. On the other hand, deterioration will 
reflect this change. In this case, the deterioration factor is 
initially negative (representing improvement or amelioration), 
until the present service flow function reaches a maximum 
and then the deterioration factor turns positive again. We 
may call full maturity age the point in the lifetime of an 
asset at which the first derivative of the service flow function 
changes from positive to negative. The exhaustion factor 
now also operates differently. We have defined exhaustion 
as the differential that the market attaches to the fact that 
the configuration of future service streams irrevocably changes. 

1. There is, however, a case in which obsolescence may become rel
evant: if we assume fixed labor supply. Labor is reallocated between 
old and new machines so that it equalizes the marginal product in both. 
This would result in lower capacity utilization of old machines and thus 
a decrease in their rate of output per unit of time. I owe this point to 
Bert Hickman. 
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In the case of declining present service flows, the differential 
was a penalty, since the series of the remaining future service 
streams became «worse» each period on two counts: fewer 
and «poorer» productive years were left. In the present case, 
however, the effect of the exhaustion factor is not so un
equivocal. Again, with every year that elapses the number of 
productive periods left in the asset becomes smaller, and this 
warrants a penalty. However, they are not necessarily «poor
er» productive years too. On the contrary, when we are 
operating on the increasing segment of the service flow func
tion, every period that elapses brings us closer to the peak 
maturity age. The impatience factor attaches a premium to 
the asset's value for this proximity to the peak maturity age. 
The exhaustion factor, therefore, may be boosting or dampen
ing the asset's market value until full maturity age is reached 
(depending on whether the premium or the penalty is strong
er) ; thereafter it has a decisively negative influence. 

The case of market devaluated net capital stock is also 
presented in Figure 1 for constant current service flows and 
in Figure 2 for service flows that decrease in a straight line 
(i.e., by a constant amount). The case of first increasing and 
then decreasing service flows as functions of age appears in 
Figures 3 and 4, which will be presented in the next section. 

A postscript referring to time series, rather than cross 
section data : in proving the lack of proportionality between 
capital stock and service flow, we may have proven too much 
in relation to time series data. Actually, the assumption of 
equal capital durability may be easily satisfied in time series 
data. It boils down to the assumption of Wicksell's «staggered» 
capital asset structure, i.e., a constant age distribution of the 
assets in time that is obtained by adding to the capital stock 
each year a number of new assets which is equal to the num
ber of assets retired in that year [7, p. 281]. This is the 
case of a stagnant economy. 
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3. CAPITAL INPUTS WITH A REGULAR STREAM 
OF SERVICES 

The microanalytic approach for estimating the current 
service flow of capital assets will be demonstrated with re
spect to two different cases. The difference in methodology 
used in each case originates from the observed, or conjectured, 
properties of the service stream of capital assets. This 
section refers to capital assets which may be assumed to yield 
over time a current service flow that is rectangularly distri
buted. Some categories of plant and equipment may be 
assets for which this one-hoss-shay or light-bulb assumption 
might be applicable. On the other hand, we lack a priori 
information about the form of the service stream function 
that pertains to live capital assets as exemplified by animals 
and trees. Furthermore, the assumption of a rectangular 
distribution of their current service flows will not serve since 
it is not compatible with the observed market value functions 
of animals and trees. The next section will be devoted to 
these assets. 

The one-hoss-shay assumption, as applied to plant and 
equipment, implies that the productivity of these assets does 
not deteriorate (or improve) with age until retirement. 
Therefore an asset that falls in this category is expected to 
yield a regular, i.e., a rectangularly distributed, stream of 
services until it is retired at a pre-known date (and at a zero 
value for convenience). Then, under an equilibrium assump
tion, the original market value of the asset is the capitalization 
of this regular service stream, given the configuration of the 
expected future output prices. Using continuous discounting, 
this is written: 

(1) Voi - [TiR.e"rtdt, 
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where V0i is the original value of capital asset i, Τ\ is its 

life expectancy, R ; is the annual service flow from it, and r 

is the appropriate rate of discount.1 By the assumption of 

regular service streams (Ri = f(t) = Ri) and assuming a 

constant rate of discount, (1) can be written: 

τ. 
(2) Voi = ψ Ι ' (-r) e - dt; 

and evaluating from 0 to Τ gives: 

(3) Voi = - | [e- n ] ' '= |( l-e--. ) . 

This formula is conventionally used to find the rate to dis

count, or the internal rate of return, from annuity tables. 

Dividing both sides of (3) by R;, the internal rate of return 

is seen to be the value of r that will discount $ 1 for Τ years 

into equality with -^- . In our case, however, we stipulate 
Ri 

the rate of discount, and solving for % we have : 

_rV f t i 

1-e" 
( 4 ) Ri , ,τ. 

Equation (4) is an annuity formulation of the service flow 

for each asset. It is free from deterioration, since the annual 

service flow was assumed to be regular. It does not include 

exhaustion, since it is derived from the gross capital stock 

as represented by the original market value of the asset. It 

also overlooks obsolescence by keeping the expectation func

tion of relative output prices constant. The series of Ri (t) 

is actually Keynes' «prospective yield». It consists of the an-

1. Although i may be omitted, I prefer to keep it there as a reminder 
that this capitalization refers to each capital asset individually — or to 
a homogeneous group of assets. It cannot serve for all plant assets, e.g., 
lumped together. In this sense, the process is laborious. 
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nual receipts derived from an asset over its lifetime, after 

deducting the running expenses but not deducting depre

ciation (which is the contribution to the replacement fund 

of the asset, or what I called exhaustion) [5, p. 135; 4, pp . 

121-24] . 

For positive rates of discount the annual service flow is 

always non-negative, and as Τ tends to infinity it reduces to 

a rate of discount multiple of the original asset value. This is 

the case of land, as already mentioned. However, as the next 

section demonstrates, it is not unlikely for the current service 

flow to take on negative values under certain circumstances. 

This case fortunately appears to be unimportant since for 

production function purposes it is advisable to add to this 

current service flow the annual maintenance and operating 

expenses. The reason for this is that a gross current service 

flow is conceptually more correct when output is also expressed 

in gross terms. 

The cornerstone of this microanalytic estimation of the 

current service flow of capital inputs is the original gross 

market value of each asset of a firm. This was provided in 

the tape record of each component of the firm's capital assets. 

The record included the number of assets in each category 

that a firm owned, their original purchase value, their annual 

maintenance and operating expenses, and also supplementary 

information on the specific description of each asset, year 

of purchase or construction, age of asset, etc. The balance 

of the information required consisted of rates of discount 

and asset durabilities. Alternative rates of discount were 

postulated and one rate of discount was estimated from agro-

economic information, as it will be described in the relevant 

section below. The capital coefficients computed turned out 

to be insensitive to rate of discount changes. Finally, the 

capital durability for each asset was supplied by independently 

computed life expectancy tables for each capital category. 
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The crucial assumption I made by treating plant and equip
ment in this manner is that it renders a regular stream of 
services to the day it is written off at no salvage value. This 
computational procedure fails to take into account a likely 
deterioration of the services of capital with age. Deterioration 
could conceptually be incorporated in a fairly simple manner, 
as it will be shown in the next section. It was not, purely for 
reasons of research strategy, since it is easier to obtain data 
on original gross capital stock rather than on net stock. How
ever, in order to partially correct for the bias of this omission, 
when in doubt I took the estimate of the life expectancy of 
plant and equipment on the high side. 

4. CAPITAL INPUTS WITH AN IRREGULAR STREAM 
OF SERVICES 

We may no longer safely assume a constant service stream 
when animals and trees are concerned. One would rather 
expect that the current service flow of live capital assets is 
first an increasing and eventually a decreasing function of the 
asset's age. Eventually, one may reasonably suppose, the service 
flow reaches zero on the date of the asset's retirement. The 
case of irregular (i.e., non-constant) service streams for animals 
and trees is evidenced from their current market value 
that does not vary inversely with age, as well as from the 
scattered existing data on rental values for these assets. Our 
computational procedure should recognize this feature. 

Had we known a priori the form of the stream function 
(even up to a proportionality factor) we could have derived 
Ri (t) from the original asset market value by postulating the 
rate of discount. The procedure would have been in principle 
the one used for plant and equipment. This information, how
ever, does not exist. Therefore, we have to derive the irregular 
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service stream function from the available information on the 
market value function. These data consist of current market 
value observations for each asset; they comprise the market 
devaluation net capital concept. 

I have already indicated that the current market value of 
an asset, being the capitalization of all expected present and 
future service streams, embodies all three factors: deteriora
tion, exhaustion and obsolescence. In the absence of informa
tion on secular output price behavior, we may in this case also 
assume the configuration of future output prices to be constant 
i.e., we suppose that the obsolescence factor is trivial and may 
safely be overlooked. Deterioration and exhaustion, on the 
other hand, play an important role. 

To simplify (probably with no loss of realism), assume that 
the service flow of animals and trees is an increasing and, even
tually, a decreasing function of age with one maximum value 
at the point that we define as full maturity age. In a perfect 
market we would expect the net rental of the asset to be in
creasing up to the full maturity age and decreasing thereafter. 
This certainly should be reflected in the capital input concept 
that enters the production function. I t is the service flow de
terioration factor that is first negative (i.e., represents amelio
ration or improvement of the asset with age) and then posi
tive. We would not, however, necessarily expect the current 
market value function to have a maximum at the same age 
that the maximum of the service stream function occurs. 
Actually as Figures 3 and 4 below illustrate, the full maturity 
age tends to fall to the right of the market value peak. This is 
because of the role of the exhaustion factor. 

Exhaustion is the differential that the market attaches to 
the change in the configuration of the future service streams. 
The shape of this service stream distribution now presents two 
pivotal points : the pre-known age of the asset's death and its 
full maturity age. As we move from one net capital value to 
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the succeeding one, we get closer to the end of the asset's 

life — which elicits a penalty from the marketplace. But the 

same move, however, brings us closer to, or further away 

from, the full maturity age. If the latter happens, i.e., if the 

asset has passed its maximum value of the service stream, the 

market also attaches a penalty. However, if the converse is 

true, the impatience factor attaches a premium to the fact 

that the asset is closer to yielding its maximum current service 

flow. Thus, the exhaustion factor will both boost and dampen 

the current market value as long as we operate on the increas

ing section of the service stream function. When the difference 

between the premium and the penalty reaches a maximum 

value, the peak of the market value function will also occur. 

This may coincide with the peak of the service stream func

tion, or lie to the left of it. Figures 3 and 4 illustrate the point. 

In any event, the purpose of the identification of the exhaus

tion factor is to exclude it from the capital input formulation. 

The reason for this is that exhaustion refers to the market's 

valuation of the expected future services of capital. Production 

function analysis, on the other hand, is concerned with the 

available current flow of productive services. We are therefore 

faced with the problem of devising a way to exclude the ex

haustion factor from the present service flow formulation, 

while including the deterioration (amelioration) factor. 

The relation between the current market value V i t (i.e., 

the market-devaluated net capital stock) of asset i in the t 

year of its life and its current service flow R i t (for t = 1 

to T, where Τ is the retirement age of the asset) may be 

expressed as follows, if we assume perfect markets (and writ

ing for the discount factor d = T ) : 
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Vu- Riid + Ri2 d2 + Ri3 d
3 + . . . + RiT dT 

(5) V a ~ 0 + R 2 d + Ria d 2 + . . . +R i T dT"! 

V i 3=0 + 0 + R i 3 d + . . . + R i T d T - 2 

V i x = 0 + 0 + 0 + . . . + RiTdx . 

The general term of this power series, solved for Rit is1 : 

(6) Rit = rV i t-(V i t + 1-V i t) . 

What is the interpretation of the current service flow func
tion in equation (6) ? The term in parentheses represents the 
change in the market evaluation of the asset between two 
consecutive periods (i.e., the difference between two succeeding 
capital stocks). Start from the case that this term is zero for 
all time subscripts, i.e., the net capital stock does not change 
with time. This implies that the asset is inexhaustible (like 
land) and that the current service flow is proportional to the 
capital stock, as the first term on the right-hand side of equa
tion (6) shows. If the term in parentheses is positive, this indi
cates that the asset appreciates between two periods. In this 
event, however, the first term alone of equation (6) overesti
mates the current service flow, since the net capital value 
Vit is biased by the impatience factor that has attached a 
premium to it by reason of getting closer to the asset's full 

1. The proof is as follows. 

From the system of power series (5) we can write : 

Vit = R h d + R i t + 1 d
2 + R i t + 2 d

3 + · · . + R iT d1 

Vit = R i t d + d(R i t + 1 d + R i t + 2 d
2 + . . . + R iT d1). 

Substituting (R i t + 1 d + R i t + 2 d 2 + . . . + R ^ d 1 ) by V i t + 1 we write: 

V i t = R i t d + dV i t + 1 

· · · R i t = ^ - V i t + 1 = r V i t - ( V i t + 1 - V i t ) . 
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maturity age. This has been explained already. Thus, in the 
case of appreciating assets the subtraction of the corrective 
positive term in parentheses expresses the current service flow 
free from the operation of the exhaustion factor. The con
verse is true of depreciating assets. The first term of the equa
tion is increased by subtracting the negative term in parentheses 
in order to express the current service flow corrected for 
the penalty that exhaustion has placed on the asset's current 
net capital value because of its having moved away from the 
full maturity age and closer to the retirement age of the asset. 
Thus, equation (6) is interpreted as expressing the current 
service flow as a function of the asset's current market value, 
after correction for the exhaustion factor which is included 
in the market value. As in the case with regular service streams 
R i t represents «the prospective yield» of an asset. It is the 
annual receipts derived from the asset after deducting the 
running expenses but without including exhaustion. 

The question arises whether there exists a non-negative 
vector (Rit, . . ., RÌT) solving equation (6) which is meaning
ful as an input of production. Given the current capital value 
of the asset, V i t, the decisive factors are the rate of discount, 
r, and the difference of the terms in parentheses. The higher 
the rate of discount, the greater the positive first term on the 
right-hand side of equation (6). On the other hand, in the 
case of assets that appreciate rapidly within a period of pro
duction, the subtractive appreciation term may swamp the 
positive term and result in negative flows for certain years 
of the asset's life. This may happen with assets of relatively 
short life expectancy and/or with significant changes in value 
concentrated upon few periods of production. Chickens and 
certain other animals are a case in point. On the contrary, 
trees have, as a rule, a higher life expectancy with smooth 
changes in value, so negative values of R do not occur during 
their appreciation period. 

10 
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Conceptually it is not hard to imagine a negative net service 
flow (or rental) associated with an asset. It is only natural, 
for example, for one to ask to be paid a rent (negative R) 
if he is to keep an animal during the unproductive years of 
its life. Empirically, however, we can safely rule out negative 
values for the gross rental that also includes the complementary 
inputs of annual operating and maintenance expenses for each 
animal or tree asset. This can be formulated as follows. 

Suppose that the value of a capital asset at the beginning of 
the period is V0. After expending the annual complementary 
operating and maintenance costs Gl5 we wind up at the end 
of the year with a «new» asset of value Vx and the current 
service flow (gross rental) R1^ it yielded during the year. For 
reasons of simplicity of formulation we discount forward all 
three factors, Gl3 Vx and R*f. Assuming perfect markets, the 
formula is written: 

0) V.+ ̂ - ^ + g ; 
solving for Rf we write: 

(8) R ? - J V O + C ^ - C V J - V O ) . 

The gross current service will most likely be positive even 
for assets with a significantly positive appreciation value. 
When this does not occur, still summation over the current 
service flow of all assets that compose a capital input category 
for one firm may be counted upon to yield a positive input 
value. 

The principal information utilized in this microanalytic 
estimation of the current service flow of live capital related 
to market value functions of age for each live capital asset 
category. The tape record included information on purchases 
and sales of live capital assets and their age. This information 
was used by consulting agronomists and agricultural econo-
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mists to construct market value functions for each live capital 
category. The tape record also included information about the 
number of assets in each category that a firm owned, their 
original purchase value, their age, their annual operating and 
maintenance expenses, etc. The information on age was used 
in order to estimate the market value function at the actual 
age of each asset recorded. These estimates were summed 
over a firm to obtain the total net current service flow for 
all the firm's live capital assets. This was converted to gross 
by adding the operating and maintenance expenses. The same 
postulated rates of discount that were used for the assets with 
regular service streams were also employed here. 

5. T H E DATA AND T H E MAIN RESULTS 

The questionnaire survey of a random sample of 430 
Epirus farms which I conducted in Greece in 1964, provided 
the data to test the relative performance of the capital flow 
and stock concepts in a Cobb-Douglas production function. 
Complete specification of the variables is provided in my study 
on Epirus farm productivity analysis [8 ] . The discussion 
of the data that follows will be limited only to the plant, the 
equipment and the live capital flow capital inputs and to the 
plant, the equipment, the live capital and the current ex
pense capital stock inputs. 

The basic relation for the computation of both plant and 
equipment capital flow inputs is given by equation (4) above. 
This is summed for all the plant assets of a firm to provide 
the relevant plant flow input; it is summed over all the rel
evant equipment assets of a firm to provide the equipment 
flow input. Therefore it is written: 
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(9) Ri+tf-i-Äk, 
i=i l c 

where the superscript denotes the firm (j = 1 to 430) and the 
subscripts the time period and the asset. Thus RJ is the annual 
service flow of all plant (equipment) assets of farm j , MJ is 
the annual maintenance expense for plant (maintenance and 
fuel expense for equipment), Voi is the original gross market 
value (at the beginning of its lifetime) for plant (equipment) 
asset i, Tj is the durability of the same asset (expressed in 
years) and r is the appropriate rate of discount. 

The questionnaire classified agricultural plant assets in 14 
categories, each with a two type-of-construction subclassi
fication to indicate whether it was a permanent structure 
(cement, stone, iron, steel, etc.) or a light structure (wood, straw 
adobe, etc.). Therefore, i ranges for plant assets from 1 to 
28. The original gross market value of each individual asset 
was provided in the questionnaire. It was deflated to 1964 
constant prices. The relevant durability (in years) of each 
asset category and subclassification was procured by consult
ing agronomists and agricultural economists who used for 
the purpose both the questionnaire and independent infor
mation. The annual maintenance and operating expenses in
formation was also provided in the questionaire. 

The questionnaire classified farm equipment assets in 40 
categories, some with a number of subclassifications to account 
for type of material, horsepower, capacity, etc. Therefore i 
ranges for equipment assets from 1 to 53. The gross market 
value of each individual asset, as provided in the questionnaire, 
was deflated to 1964 constant prices. The relevant durability 
(in years) of each equipment asset category and subclassifi
cation was procured in the same way as for the plant assets. 
The maintenance and operating (e.g., fuel) costs were also 
provided in the questionnaire. Finally, to the capital flow 
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measure of equipment assets were added the annual expenses 
of the firm for rentals of farm equipment and work animals 
and the expenses for small tools, implements and raw 
materials incurred by the farm during the year. 

The basic relation for the computation of live capital in
puts in flow terms is given by equation (6) above. This ex
pression, when summed over all the live capital assets of a 
firm and after adjustment to provide for the complementary 
operating expenses of live capital, is written : 

(10) R] + M ^ r Ì ; { Vit - (Vlt+i - v i ) } 
i = l 

where the superscript denotes the firm (j = 1 to 430) and the 
subscripts the asset and the time period. Thus R3 is the annu
al service flow of all live capital assets of farm j , M1 is the an
nual complementary and operating expenses for live capital, 
V|t is the current market value of the asset i (i.e., the market 
value function of the specific category in which the asset i 
belongs evaluated at the asset's age), the term in parentheses 
is the asset's change in value in the current year, and r is 
the appropriate rate of discount. 

Live capital assets were classified in the questionnaire in 
5 categories for work animals, 19 categories for stock animals 
and 22 categories for trees. Therefore i ranges from 1 to 46. 

It behooves me to explain in greater detail the construc
tion of market value functions of age for live capital assets. 
The compilation of «blue book» values is an awesome task 
and smacks of arbitrariness even in the case of well developed 
markets — let alone in the case of the relatively unorgan
ized markets for animals and trees in an underdeveloped 
rural region, such as Epirus. The task was simplified by limit
ing it to a seven-age-step functional approximation. The def
inition of the age steps for animals and trees, as provided by 
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the consulting agricultural economists and agronomists, is 
detailed in the main study [8]. 

For the compilation of market values by age-step and live 
capital category, the consultants of the study utilized the avail
able scattered information on secondhand market prices in 
Epirus. This presented no great problem with respect to ani
mals, especially slaughter animals, which constitute a capital 
asset with a significant degree of liquidity. Transactions on 
trees are more scarce and the personal estimates of the ex
perts had to be used as supplemental information where data 
were not available. The basic information consisted of market 
prices observed in the area for sales of tree-planted land. The 
value of land, as estimated in the vicinity, was subtracted 
from the sales price in order to give an estimate of the value 
of trees. This was expressed on a per tree basis. Therefore, 
the market value obtained from the functions represents the 
asset's price for each category and age step — net of land 
value in the case of trees and net of other concomitant expen
ses for both animals and trees. Two illustrative cases of the 
plotted market value step functions appear in Figures 3 and 
4 for foreign breed cows and citrus trees. 

The current market value for each animal and tree was 
obtained by evaluating the market value function of the 
respective category at the age of the specified asset. The ques
tionnaire provided the relevant information about the age of 
each live capital asset of a farm. Obtaining this information 
was relatively simple in the case of big animals and scattered 
and systematic trees — the latter since systematic trees in an 
orchard are usually planted simultaneously. In case the asset's 
age was unknown — a common occurrence with small animals 
— the respective market value functions were evaluated at 
an estimated mean age that was also provided by the technical 
consultants. In the case of animal herds an approximate 
mean age, which was estimated in the questionnaire, was 
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used for the evaluation of the market value function. The im
plicit assumption here is that herd animals are normally 
distributed around this mean estimated age. 

The term representing the live capital asset's change in 
value in the current year is derived from the first derivative 
of the relevant market value function, evaluated at the 
asset's actual age in 1963. In order to make the market value 
step function differentiable, I smoothed it by connecting the 
mid-step points with linear segments. The slope of these seg
ments represents the change in asset value for the period from 
mid-step-function point to mid-step-function point. For a 
graphic example the reader is again referred to Figures 3 and 
4 above. 

The computation of the capital stock inputs is rather 
straightforward from the questionnaire information. The 
original gross value of plant and equipment assets, as 
defined above in the derivation of the capital flow concept for 
assets with a regular stream of services, served as the relevant 
plant stock and equipment stock input. The annual expense 
on small tools was in this case also added to the equipment 
stock input. The market value functions of age for live capital, 
as defined above in the derivation of the capital flow 
concept for assets with irregular service streams, were used 
to estimate the capital stock inputs for animals and trees. 
Finally, the current expense input was defined as the vector 
of all other annual costs of a farm: it included the cost of 
purchased and own-produced animal feed; purchased and 
own-produced seeds; manure; fertilizer; pesticides and 
insecticides; veterinarian expenses; irrigation fees; rents of 
pastures, animals, and machinery; plant and equipment 
maintenance costs; fuel expenses; etc. This current expense 
vector was decomposed and its components added to plant, 
equipment and live capital inputs in the previous formulation 
of capital as a flow concept. 
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The main results of the regression analysis of the capital 
flow variables as compared to the capital stock variables are 
summarized in Table 1. These results indicate that all input 
coefficients estimated on the basis of the flow concept of capital 
are surpisingly constant in the three alternative runs. The use 
of the stock concpt has a significant effect upon all input 
coefficients: it increases the coefficients of labor and equip
ment and it makes the coefficients of land, plant and live 
capital statistically non-significant. Therefore, two general 
conclusions may be drawn from Table 1: (1) the flow 
concept of capital does better in the estimation of the pro
duction function relative to the stock concept of capital; 
(2) the estimates of the coefficients are insensitive to the rate 
of discount that was postulated for the computation of the 
current flow of capital services.1 

6. ENDOGENOUS STIPULATION OF THE RATE OF 
DISCOUNT 

Given the service flow R t and the capital value Vt , equa
tion (6) above — also equation ( 1 ) — is conventionally used 
to estimate the internal rate of return for a capital asset. 
Lacking exogenous observations for R t , this cannot be done 
in our case because we have one equation with two unknowns 
and the solution contains one degree of freedom. 

Assume that there exists an asset that returns zero service 
flow during the period of its lifetime from τ to τ + n. In this 
case, the net rental for the period would be zero. If we know 
the market value of the asset at the beginning and the end 

1. For a detailed discussion of the results of the regression analysis 
the reader is referred to the main study [8]. 

152 -



A microanalytic measurement of agricultural capital inputs 

ο § 
CU Ο 

t i υ 

* 0 

ti 

0 « * 
Β jJ t ! 

t ~ - — < 

χ 

ο 

co 

Χ 
cu s 

ft +J 

aTäS 
δ S 

. » fi 

*y* fi 
rN ci 

Η Ο 

χ-s 

CO Φ CO "* ΟΊ Φ
1 

•φ CO ςο co m co 
CM Ο CM Ο CM Ο 

•Φ IO 
Ο CM 
CM Ο 

Ο <•£> 
LO CM 

ο ο 

·—' Φ CO Φ1 ·—ι Ό 
ä ΐ co ί •* Ζ! Ο Ο ο ο ο ο 

m CM c o CO CO CM 
φ ι - H ^ , ^H , φ —; 
ο ο ο ο ο ο 

•-1 5ί m *τ! CM CM 
^ 3 co t σ> ä —ι Ο ο ο ο ο 

- Η 1 ^ 

ο ο 

Γ-» Ο CO Ό CM 0 0 

(Ν ÎS m !2 1 * ^ 
•ψ Ο Τ$Η Ο -Φ 

m 
ο 

Is 

Pi A 

Pi Pi Pi 

O H 
Ci 

Ü 

ο S 

çn Φ 

Ο ° 

Μ LO 
LO Ο 

OH 

ci 

Ο 

ο β 
% β 2 
ju OHS 

"Γ LO "D 

Ivi ,Ο 

,Ο 
Ο 

ci 

ci 

Ο 
I H 

cu 

13 > 
co 

•b 

rf i 
X! 
ci 

J2 
Ο 
u 
OH 

Ο 

υ 

ν .> 
u 
<u 
OH 
en 

l-H 

«J 

-g 

12 

£ I l S 
^a ο s +j 

"3 S * g 
o r a J J ^ H 

* C "S ci 

i-Η s 
' , - T c i 

υ cu 
ΧΛ H-> 

O M ci CU 

g § Ν S 
8 g J > 

Β Ή ce 
I l m Η U 

<υ 

ep υ rtcS 

fiiË.S O D 

α υ 

«J 
r^ Ο, 
Φ Χ 
CM «U 

• bo 

ο.S 

co 3 

•2 Β Η <J 

S j § ω 

β " Α Λ t « 
h , f t y ο 

• P H H (ij 
« O u " 3 

i l « Ό n 

^ ß fi M 

T3 « ci *j 
J3 +J >-H fi 
J5 fi ft U 

a <-> 3 V , 
u t B l i ° 
ci > <υ 

δ Σ? S 
ci 

l< 2 o r i " 
Ο -w H3 Ci 
^ «ι ci fi 

"3 § "̂  ^ » 
SHOH •" " — S s fi 

S-ti a 

' c u Ό ci 

, a fi"ö 

OH 
ο ci 
ci υ 

O H C 

C T - M 
cu tì 

ci o 
> u 

«S-3 S-a 8 ~ 

c i . 

'oJ.SP-S fi 
•δ Ή t i fi „ 

Si ss ο 8 Λ δ 

ci · 

g D ω 

π a bo bo bo 
ö Ο Ο Ο fi '.S S S ·Β S S 

— CU 

ci " 

l-S 1 
>—Su 
Ο ο ^ 
bßbo^ 
Ο ο fi 

5Ρ HHC» 

.^ 
_ , Χ · · bO bo Ο Ο Ο 

3 

„ c o . . , , , 
h a ci ο 
Ci ι-Ξ e« co 

« Z Ol « 
r / i M ü 1) " · • 
*•»-< — U H Η A n n 4 

; £p £fX X X X X 

υ ? 

BS 

73 S 

Ci »"H 

• O H ^ 

" OH 

Λ fi 
«*. « 
0<*Η 
CJ ° 

a « 
ci M > fi 

eu 

•a s 
S - H 

S § 
a e u a « rt ^ 
eu ci 

I M <H-H 

Ο ο >-> 
bo bO > o o C 

- . - H g 
. . .. t/D 

ο υ Ώ 

S 2 2 
c/D c/5 "ÔH 

! I W 

- 153 



A microanalytic measurement of agricultural capital inputs 

of this zero-rent period, from equation (7) above, we can 
write : 

n n y , Cx + 1 | CT + 2_ . . Cx+n-l Vx+n 

where Vx and V T + n are the market values of the asset for the 
beginning and the end of the zero-rent period, respectively ; 
GT+j is the annual expense for the asset; and r is the rate of 
discount. For given market values and annual expenses we 
may solve for the rate of discount r. 

Trees and animals are assets that go through a zero-rent 
period between the beginning of their life and the date of 
their first economic contribution (fruition, milching, etc.). 
For certain animal and tree categories it is feasible to obtain 
agroeconomic and market information about costs and market 
values during the zero-rent period. Then the solution of 
equation ( 1 ) would give the rate of discount r. The relevant 
information was available for two asset categories : citrus fruit 
and young calves (foreign breed). Table 2 presents the data 
for the two cases. 

Solving equation (11) for citrus fruit and foreign breed 
calves gives a rate of discount of approximately 14 percent 
for the former and 20 percent for the latter. This rate of dis
count is gross of risk. We know nothing about the different 
degrees of risk involved in various agricultural production 
activities. We also have a complete lack of information about 
the appraisal of different risks by different individuals. We 
may, perhaps, assume that there is an «average» risk that 
tends to prevail in agricultural operations and that there is 
also an «average» rate of discount. Although the information 
procured is only indicative, covering just two cases, one may 
argue that an actual «average» rate of discount should lie 
in the neighborhood of our estimates. The reason for this is 
that if this rate varied significantly among different assets, 
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we would expect to observe a change in the asset mix that 
would tend to equalize the rate of discount. There is no reason 
to believe that in perfect markets the farmer would be content 
to produce milk products if the marketplace imputes a higher 
rate of return to fruit production — assuming, of course, 

TABLE 2 

BEGINNING AND ENDING MARKET VALUE AND ANNUAL EXPENSES DURING 

THE ZERO - NET - RENT PERIOD FOR CITRUS FRUIT AND YOUNG CALVES 

Asset Category Period (approxi
mately) 

Citrus fruit 
(per stremma)a 

Young calves 

0 Planting of saplings 
Value of landb 

1 First year 
2 Second year 
3 Third year 
4 Fourth year 
5 Fifth year 

Value of landb 

0 Newborn calf 
1 To fifth month 
2 Fifth to twelfth month 
3 Second year 
4 Third year 
5 Fourth year 

525 
2,000 

5,000 
2,000 

1,000 

10,000 

714 
165 
284 
273 

800 
1,150 
1,950 
1,200 

14% 

20% 

a. One stremma is equal to 0.247 acres. 

b. Since CT does not include the rent of land, for lack of data, I 
included the value of one stremma of land both at the beginning and 
the end of the discounting period. 

that roughly equal risk factors prevail. Little need be said 
about the extreme assumptions of perfect markets or purity 
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of competition, not because they are true, but because of 
the absence of a simple alternative. 

In practice one may use such an estimated rate of discount 
to provide guideposts for experimenting with alternative 
rates. In the empirical application of these computational 
methods, I experimented basically with the rates of 25 percent 
as an upper limit and 6.741 percent as a lower limit for the 
«true» rate of return. The present service flow function R t 

is sensitive to the rate of discount used, as one would expect, 
and as Figures 3 and 4 above indicate. The surprising finding, 
however, has been that the values of the crucial elasticities 
derived from the production function are, mercifully, entirely 
insensitive to the rate of discount adopted between these two 
extreme limits. 

7. SUMMARY AND CONCLUSIONS 

This paper was devoted to the comparative discussion of 
two capital concepts that may be used in production function 
analysis: the service flow concept and the capital stock con
cept. Although the former is the conceptually correct input 
of production, the latter has been almost exclusively used in 
production studies for the eminently practical reason of data 
availability. 

If a necessary and sufficient condition were satisfied, viz., 
if service flows were proportional to capital stocks, it would 
have been immaterial which of the two concepts was used — 
at least for purposes of production function estimation of the 
Cobb-Douglas form. It was demonstrated that this condition 
holds (at least for cross-section data) only if we make the 

1. This rate is the weighted average interest rate that the Agricul
tural Bank of Greece charged for different categories of loans for the 
period 1947 - 1963. 
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most restrictive assumption that capital assets have the same 
durability and that they yield a regular stream of service 
flows until they are retired. 

The paper developed a methodology for estimating service 
flow inputs from easily available capital stock data. If the 
assumption of a regular stream of services is acceptable in con
nection with a specific capital asset — as is the case in Oliver 
Wendell Holmes' one-hoss-shay world — the original gross 
value of the capital stock may be used to estimate the current 
service flow of an asset. If we assume that capital yields a 
stream of services that has some other (unknown) functional 
relationship to time, the observable net capital stock value 
as function of the asset's age can be used to derive current 
service flow estimates. 

The price tag attached to the estimation of current service 
flows from capital stock data is knowing (or being willing 
to postulate) the rate of discount. This, however, is not as 
prohibitive a price as it might sound at first. Indeed, in the 
last section of the paper I used an empirical example to 
illustrate how approximate bounds for the applicable rate of 
discount in Greek agriculture might be established. Anyway, 
the actual estimation of Cobb-Douglas production functions 
demonstrated that the coefficients of the capital inputs are 
highly insensitive to the rate of discount used in the estima
tion of the current service flow from the relevant capital stock 
concept. Besides, the same empirical application showed that 
indeed it matters which capital concept is chosen for the 
estimation of production functions. Functions computed 
for current service flow capital inputs are in general more 
satisfactory than the ones computed for capital stock inputs. 

- 157 



A microanalytic measurements of agricultural capital inputs 

REFERENCES 

1. DENISON, E D W A R D F., «Theoretical Aspects of Quality C h a n g e , 

Capital Consumption and Net Capital Formation,» in Problems in 

Capital Formation: Concepts, Measurement and Controlling Factors. (Confer

ence in Research in Income a n d Wealth 19.) New York: Nat iona l 

Bureau of Economic Research, 1957, p p . 2 1 5 - 6 0 . 

2 . GRILICHES, Z V I , «Measuring Inputs in Agriculture, A Critical 

Survey,» Journal of Farm Economics, Vol. X L I I , N o . 5 (December 

1960), Proceedings, p p . 1411 - 33. 

3 . , «Capital Stock in Investment Functions: Some 

Problems of Concept and Measurement,» in Measurement in Economics. 

(Studies in Mathematical Economics and Econometrics in M e m 

ory of Yehuda Grunfeld.) Stanford, California: Stanford University 

Press, 1963, p p . 1 1 5 - 3 7 . 

4 . HANSEN, A L VIN H., A Guide to Keynes. New York: M c G r a w Hill Book 

Company, I n c . , 1953. 

5 . KEYNES, J O H N MAYNARD, The General Theory of Employment, Interest 

and Money. L o n d o n : MacMil lan a n d Co., Ltd., 1936. 

6. O R C U T T , G U Y H. , «Microanalytic Models of Socioeconomic Systems: 

A New Approach to Forecasting,» in Proceedings of the Ninth Annual 

Conference on the Economic Outlook. Ann Arbor, Michigan: University 

of Michigan Press, 1962, p p . 64 - 74. 

7. WICKSELL, K N U T , Lectures on Political Economy. L o n d o n : Routledge 

a n d Kegan P a u l Ltd., 1934. 

8. YOTOPOULOS, P A N Α., Allocative Efficiency and Economic Development: 

A Cross Section Analysis of Epirus Farming. Athens: Center of Planning 

and Economic Research (forthcoming). 

1 5 8 -



ON SOME EFFICIENCY PROPERTIES 
OF THE TWO-SECTOR PRODUCTION MODEL 

By 

EMMANUEL DRANDAKIS* 

Assistant Professor of Economics 
Yale University and 

Center of Planning and Economic Research 

* I am much indebted to T. C. Koopmans for many illuminating 
discussions and also to W. Brainard, T. Srinivasan and M. Yaari for 
their helpful comments. I am also indebted to K. Suryatmodjo for his 
fine graphs and to G. Bowman and G. Sadowsky for the extensive cal
culations needed for the examples presented in the last section of the 
paper. The research for this article was undertaken by the Gowles Com
mission for Research in Economics under Task NR 047 - 006 with the 
Office of Naval Research, and was completed under a grant from the 
National Science Foundation. 





1. I N T R O D U C T I O N . 

1.1. In this paper we consider a two-sector production 

model with a time structure. In each time period the available 

quantities of the two goods are used for the production of 

the same goods emerging in the next period. Each of the 

goods is produced separately under constant-returns-to-scale 

and diminishing rates of input substitution, and under possibly 

changing production conditions. 

Our attention is focused to T-period accumulation pro

grams. Namely, we assume that the proportions in which 

the two goods will be available at time Τ are exogenously 

prescribed and we aim at maximizing the quantities of both 

goods at Τ in these proportions, given the initial endowment 

at time 0. 

1.2. The first of our objectives is to examine the shape of 

the envelope of all t-period production-possibility loci, t = 

1, 2, ... . The 1-period envelope coincides with the production-

possibility locus determined by the initial endowment at 

time 0. This locus is described by a concave curve (towards the 

origin) in the two-dimensional commodity space.1 E.g., in 

Figure 1 the curve E 1 shows how much is producible from 

the initial endowment, E. Any point on it, like A, repre

sents the output bundle of an efficient 1-period program, 

and it is associated with an appropriate output price-ratio, 

p 1 , which is equal to the rate-of-output-transformation be-

1. This curve is a strictly concave curve, if the production conditions 
in the two sectors are different. 

11 
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tween the two outputs emerging at time 1. Also, the convex 

curve IB describes the aggregate input isoquant for the pro

duction at time 2 of the output bundle 1 represented by B. 

We see that at the point A the locus E 1 is tangential to the 

aggregate input isoquant IB, namely that the rate-of-output-

transformation between the two goods considered as outputs 

emerging at time 1 is equal to the rate-of-input-substitution 

between the goods considered as inputs to the subsequent 

production at time 1 in the two sectors. This equality ex

presses the well-known intertemporal efficiency conditions, 

which were first considered systematically in the celebrated 

Chapter 12 of Dorfman, Samuelson and Solow [ 1 , pp. 310-

316]. We thus conclude that the 2-period program from 

E to A and then to Β is an efficient one. In other words, point 

Β lies on both the production-possibility locus, LA, producible 

from the point A, and on the envelope E2, of all 2-period 

production-possibility loci like L A . 

All subsequent envelopes, E l, are generated in the same 

way as it has been illustrated in Figures 1 and 2. 

The question which arises is whether we can say some

thing about the changes in the shape of these envelopes E* as 

the economy evolves through time. We will establish that the 

t-period envelope tends to become less concave as t increases, 

and moreover that it converges to a straight line as t—>oo . This 

will be proved by showing that the range of all the t-period 

price-ratios, with which an efficient accumulation program 

for t periods is associated, tends to decrease as t increases. 

A moment's reflection may convince the reader that the 

above property of the envelopes of the production-possibility 

loci is to be expected, and may also provide him with some 

1. The derivation of the isoquant IB from the individual isoquants 
IB and IB is illustrated in Figure 2. 
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FIGURE 1 

FIGURE 2 

- 163 



On some efficiency properties of the two-sector production model 

intuitive arguments in its favor. If, e.g., we consider an effi
cient 1-period program, a specific change in the output pro
portions will correspond to a certain change in the output 
price-ratio, depending on the differences in the production 
conditions in the two sectors as well as on the initial endow
ment. If, on the other hand, we consider an efficient t-period 
program, t ^> 1, changes in the final price-ratio necessitate 
appropriate changes in the price-ratios and thus in the out
put proportions in all previous periods. Thus the limitations 
imposed by the technology and the initial endowment on the 
possibilities of output substitution at the end of the program 
horizon become less severe as the horizon becomes longer. 
The same specific change in the final output proportions will 
correspond to a much smaller change in the final price-ratio. 
But this means that the t-period envelope is becoming less 
concave as t increases. 

Finally, we should emphasize that constancy of the technol
ogy in successive periods is not required for establishing the 
above property.1 What is of course required is the existence 
of some «real» production possibilities in every period (and 
not, e.g., merely the availability of storage facilities for both 
goods). 

1.3. The second objective of this paper is to show that the 
part of any period's envelope from which the economy can 
reach any point on the envelope of the following period is 
only a small segment of the first envelope. This property is 
illustrated in Figure 3. As the horizon of the program be
comes longer, the segments of the envelopes in the beginning 
periods, from which we can reach any point on the envelope 
of the final period, become smaller. 

1. In the special case of a constant technology one can show that as 
t—> + oo this range of t-period price-ratios converges to a unique 
price-ratio, which is the von Neumann price-ratio. 
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I n other words, all efficient accumulation paths of long-run 
programs keep very closely together in the beginning periods. 
This clearly indicates that long-run planning is essential for 
permitting the economy to follow an efficient accumulation 
path over a long period of time. For if only short-run planning 

1 
FIGURE 3 

is practiced, then various paths may be followed which will 
not be efficient paths over a longer horizon. 

1.4. However, both of these properties of the envelopes of 
the t-period production-possibility loci are asymptotic prop
erties. Consequently, their significance can be judged only 
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on the basis of actual quantitative information about the 

speed of convergence of the successive envelopes to straight 

lines, and the rate of shrinkage of those segments of the en

velopes, as the program horizon becomes longer. An attempt 

in providing such quantitative information was made. By 

means of an iterative computer algorithm the intertemporal 

efficiency conditions of Section 2.4 below can be solved, 

if the production conditions are given by Cobb-Douglas 

or Constant-Elasticity-of-Substitution production functions. 

Some examples with Cobb-Douglas functions are presented 

in the last part of the paper. 

1.5. The above results are not of course true only in a two-

sector model. They also hold in an η-sector generalized 

Leontief model with neoclassical production functions. The 

proof of the theorem depends on a basic property of the 

sequence of successive intertemporally efficient prices which is 

manifested in a model with no joint production. E.g., in the 

case of constant technology this sequence converges to the 

von Neumann price vector. This result has been proved by, 

e.g., Morishima [7], McKenzie [6] , and Uzawa [10]. How

ever, in [7] , [6], [10], attention is focused on the turn

pike property of efficient accumulation paths, rather than 

on a direct examination of the shape of the loci of all such 

efficient paths in successive time periods. 

Reference must also be made to a paper by Hicks [3] , 

in which a remarkable combination of solid economic intui

tion and of simple mathematical argument is exhibited in 

proving the turnpike theorem in the two sector model with 

Cobb-Douglas production functions. Hicks also describes the 

tendency of the t-period envelopes to become straight lines. 

The present paper is an extension of [ 3 ] for more general 

production functions and for changing production conditions 

from period to period. 

1.6. The asymptotic flattening of the t-period envelope as 
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t—> -f- oo can be classified as an asymptotic non-substitution 
theorem analogous to the well known static non-substitution 
theorem of Samuelson [9 ].* If the program horizon is fairly 
long, the price-ratios in the time periods near the end of the 
horizon are almost constant (for each period) and they are 
determined by technology alone. Thus the input proportions 
in both sectors, which are determined by the price-ratio of 
the same period, are almost constant (for each period) in 
these last periods. Consequently, no change in the final out
put proportions can result in an appreciable change in prices 
and input proportions in the last periods. Changes in the 
final output proportions can only affect the relative import
ance of the two sectors in the last periods. 

1.7. The reader who is not directly interested in the techni
cal part of the paper is advised to read the description of 
the model in Section 2 and the last section of the paper in 
which the results of some specific examples are presented. 

2. THE TWO-SECTOR CLOSED PRODUCTION 
MODEL 

2.1. We consider a two-sector production model in which 
two goods are produced separately, with a uniform lag of one time 

period, under constant-returns-to-scale, positive and diminishing rates 

of input substitution, and no external (dis-) economies. The conditions 

of production may be different in successive periods, but they 

1. In [9] an η-sector model is considered, in which the η goods are 
produced separately by the use of the same goods and of a primary 
factor, labor, under constant-returns-to-scale. Samuelson showed that the 
prices of all the goods in terms of the wage rate are determined by tech
nological conditions alone. Since the input proportions in each sector 
are determined by these prices, they are constant and cannot be altered 
by any change in the final demand. The state of final demand determines 
only the relative importance (i.e., the level of operation) of each sector. 
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are known throughout the horizon. The model is closed 
because any consumption of the two goods which is not 
purely exogenous is assumed away. Exogenous consumption 
can be handled without any difficulty. For simplicity, how
ever, we assume that there is no even exogenous consumption. 

2.2. The production possibilities in each time period are 
described by two production functions 
(1) Yi+1 = Fat(Xîi5 Xi) =F f t(Xi) , i = 1,2, t - 0,1,2,..., 
where Y*+1 is the quantity of the ith good at t + 1 produced 
at t by the use of X^ and X2, units of the first and second 
good, respectively, available at t. The functions1 F1, defined 
for all nonnegative inputs Xj — (X l i ; X2j), have the follow
ing properties: 

(a) Fi(X0 :> 

> 

0 for X; ;> 
1>J 

Θ; 

(2) 

(b) F* is twice continuously difTerentiable ; 

(c) F(XXi) = XFi(Xi), for all λ>0 and X ; > Θ; 

(d) Fj(Xi)>0, j = 1, 2, for all Χ>>Θ; and " 

(e) Ρ(μΧ ΐ + (1~μ)Χ/)>μΡ1(Χ ί) + ( l - μ ) F ( X / ) , 

for all 1 > μ > 0 , and all nonproportional Xi5 Χ;'^>Θ.2 

Then, P ( X „ , X2i) =X2i F (X u /X a , 1 ) Ξ Χ 8 fit (x;), for 
X · 

X2i^>0, where x; — ~^ denotes the input proportions in the 
-X-2Ì 

ith sector, and L· is defined as above.3 

1. The time superscript is suppressed whenever no explicit reference 
to a specific time period is made. 

2. Namely, Fi is a strictly concave function for nonproportional inputs . 

3. We see from (2) that f;, defined for all nonnegative χ;, is twice 

contini tinuously difTerentiable, that fi (XJ) j = i 0 for Xi j ^ I 0, and that 

fi '(xi)>0, fi(xi)—xifi '(xi)>0, f i"(xi)<0, for all X i > 0 . 
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2.3. Let Y° - (Υ?, Υ?)>Θ denote the quantities of the 
two goods available to the economy at time 0, and let γ{ ^0 , 
i = 1, 2, yi + y 2 = 1, be the prescribed configuration of the 
two goods at time T. The quantities of the two goods, which 
are available to the economy in each time period, namely, 
Y|, t = 0, 1, ..., T- l , are allocated to the two sectors for 
further production purposes. We assume that both goods 
are freely transferable as inputs from one sector to the other. 

Thus, in every feasible accumulation program for Τ 
periods, the following inequalities hold: 

Χ,- î+Xi^YÎ , 

YI^O, Xj j^ 0, i, j « 1, 2, t - 0, 1, ..., T - l . 

2.4. An efficient accumulation program starting from Yf , 
and having outputs at Τ in the prescribed proportions, y^ , 
i = 1, 2, can be found as a solution to the following pro
gramming problem (I) : 

Maximize μ 

Subject to 

γ « i _ V ° < V ° Y ° ι Y° < v ° 
Λ 1 1 Τ Λ 1 2 ^ I I , ^ 2 1 -+- Λ-22^; Ï 2 j 

(I) X „ + XI
1^Yl=F10(XI

0„ X20i)3X2
1i+ X22^Y2=F20(Xi02,X2°2), 

μ Υ ^ Υ ί = Ρ 1 Τ - 1 ( Χ Τ τ 1

5 Χ ^ 1 ) , 

μ Υ 2 Τ ^Υ2 Τ =Ρ 2 Τ - 1 (ΧΤ2 1 ,ΧΪ), 

a n d X j ^ O , i,j = 1 , 2 , t = 0, 1, ..., Τ - 1 . 

The above programming problem is a problem of concave 
programming. The existence of a solution to (I) is insured 
by our assumptions.1 Furthermore, the Kuhn and Tucker 

1. Namely, that Y°, Y° < + OD, T < + », O ^ y * y^and 

Υ ι + y 2 — lj a n d the continuity of the functions Fh. 
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results1 provide us with necessary and sufficient conditions 
for a solution to (I). 

The Lagrangean function associated with (I) is denned by: 

(3) L(XJ, p}) = μ + pî (Y?- X,î - X,°2 ) + p5 (YÎ- X2Ì -

-X2°2) +. . . +pT [FIT-i (X^i1, Χ^ί)-μγΤ]-

+ pï[F*r-i(X15f, Χτ£Ϊ)-μγϊ]. 

Since all F i l are concave functions, a particular (Xy), 

X | j^0, i, j = 1, 2, t = 0, ..., T - 1, achieves the maximum 

if and only if there exists (p{), pî^O, i— 1, 2, t = 0, ..., T, 
such that the following intertemporal efficiency conditions are 
satisfied :2 

(4) PSip{+»ïf(XÎ,,Xi), 

with equality if X}i>0, i, j = 1, 2, t = 0, ..., T—1, 

and 

Xii + X ^ Y Î , 
(5) 

μγϊ^-'ίΧΉ,ΧΪ), 
with equality if pj > 0, t = 0, ..., T - 1. 

2.5. We observe initially that, because of the strict conca
vity of the functions F u for nonproportional inputs, the so-

1. See Kuhn and Tucker [5], and Uzawa [12]. 

2. See Kuhn and Tucker [5, theorem 3], and Uzawa [12, theorem 

2]. We note that, in accordance with our assumptions, there exists a 

feasible (Xj.) such that the restraints are satisfied as strict inequalities. 

Thus the Slater condition is satisfied and consequently we may apply 

Theorem 2 of Uzawa and then Lemma 1 and 2 of Kuhn and Tucker. 
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lution to (5) is unique and such that all conditions in (5) are 

satisfied as equalities. We will see in Sections 3 and 4 that 

the conditions in (4) are also satisfied as equalities. 
v t t 
M P2 

Let now y l - — , p* = —-, (t = 0, ..., T) and 
12 P i 

X* X1· 
Xi = — ρ 0\ =—~3 (t = 0, ..., Τ — l ) . 1 The intertemporal 

X2i Y2 

efficiency conditions (4) and (5) become: 

0 fio (xQ _ 0 : _ 1 2 

f;'o«) I 
(β) D i =

 f " (χ1;) _ χ ί = fiqMl i - ι ' 
( ) p fu(xi) ' 4(4) ' " 

T-l s 

Ρ 
Τ _ flT-l ( x i ) 

T-1N 
fir-i ( Χ Γ 1 ) 

and 
,,° « Ο ι . 0 . 0 ο Λ ο ι „ο ι 

xi ^ι + Χ2 h = y , 2\ + Hi= 1 : 

t-l\ -t-1 

UJ χ ι ft + ftχ2 = y = -—— t ZU T T ' ft + ft = ι, 
f2t-l(x2 ) il 

τ fiT-i (x?"1) * Γ 

ΐ2Τ-ΐ(Χ 2 ) 6 

where y 0 and y T are exogenously given and y ° > 0 . 

The conditions p* = & Î ± Î Î L i = J j ^ î L _ x | 
fat-iCx?1) fÎt (χί) 

establish the equality of the rate-of-output-transformation 

between the outputs at t and the rate-of-input-substitution 

1. If any of the denominators in these ratios is zero, that ratio is 
defined to be equal to + 00. 
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between „he same goods considered as inputs to the sub-

sequent production at t. E.g.,—^-^p is equal to the slope of 
f20 (X2) 

E1 in Figure 1, whereas 
Ç 1 \\ 

11 - γ -χ', i = 1, 2, is equal to the slope of IB (as well as 
f ' i l ( x i ) 

of I B l and IB2 in Figure 2). 

3. EXISTENCE OF A UNIQUE AND POSITIVE 

EFFICIENT ACCUMULATION PROGRAM 

FOR Τ PERIODS 

3.1. Let 

(8) ait(xO = ^ - ) - x i , ( t = 0, ..., T - l ) . 

We know that ait(x;)]>0 for x£>0 holds, and we can easily 
see that a' i t(xi)>0 for Xi">0. We will assume that the pro
duction functions in every period are such that1 

(A) lim. ait ( χ i ) = 0, lim. ait ( χ, ) = -f GO . 
X;—>0 X i—•+ GO 

1. It can be shown that (A) is satisfied by a wide class of production 

functions, as e.g., the constant-elasticity-of-substitution production func

tions; see e.g. G u h a [2]. Figures 1 and 2 have been drawn on the basis 

of (A). E.g., we see that the production conditions are such that 

good 1 can be produced even if the input of the goods 1 or 2 is zero. 

However the input-isoquant IBJ is tangential to the axes at both b x a n d 

b 2 , in conformity to the assumption (A). Similarly, I B , is asymptotic 

to parallels to the axes, indicating that both goods are needed as inputs 

for the production of the 2. 
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Hence for each p > 0 there exists a unique x;^>0 for which 

p = a i t(x ;). Therefore, for every positive price-ratio p*, (t = 

0, 1, ..., T - l ) , the corresponding equation in (6) can be 

solved for a unique and positive input-ratio Xj = χ, (ρ ) in 

each sector. 

We thus see from (6) that, on the basis of (A), we can 

determine for any p°^>0 unique and positive1 xf = χ? (p ), 
1 1 / 0\ 1 1 / 0\ T-l T-l / 0\ Τ Τ , 0\ 

ρ = π ( ρ ) , χ , = χ , ( ρ ) , ..., xj = χ{ (ρ ), ρ = π (ρ ) . 
3.2. The question which immediately arises is whether the 

remaining conditions, (7), can be satisfied for any p°^>0. I t 

is apparent that this depends on, first of all, the value of y° 

also. We may illustrate the situation by means of Figure 4. 

In Figure 4 the functions χ°(ρ°), determined by (8), are 

plotted along with the value of y°. 

For simplicity in the text of the paper the following assump

tion will be made : 

Input-Intensity-Assumption: For each period, ocit(xi) = a2t(x2)5 

with x;>0, implies that either Χχ>χ2 or x2^-xv 

We will show in the Appendix that I IA is not critical for 

any of the results in this paper. Now considering the first 

three conditions in (7), we immediately see from Figure 4 

that the initial-endowment-ratio y° determines a compact 

1. We must emphasize the following point about the notation used 

in the paper. In writing any function, as e.g., χ](ρ ), the first time su

perscript refers to the time period corresponding to the function value, 

namely x*. However, the time superscript on the argument of the function 

is also needed for its complete specification. Thus χ*(ρ* ) is an entirely 

different function from χ | ( ρ ι ), if t '=^t", where t', t "<t . For this reason 

symbolisms like χ\(ρ ) will denote both the relevant functions and the 

particular function values. The shorthand symbolisms like x| will be 

used only when the time dimension of the argument of the function has 
been clearly indicated. 
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interval [p01, p01] of positive price-ratios p° for which y1 is 
non-negative. As p° increases from p01 to p01 the relative 
importance of the two sectors (i.e., the value of êi versus that 
of 2̂) is changing, with that of sector 1 constantly declining 

FIGURE 4 

(for the case illustrated in Figure 4). Thus the value of y1 

is constantly declining from -fco at p01 to 0 at p01, and we 
can safely exclude from any consideration all ρ which 

:oi are outside the interval [ρ , ρ ]. Actually, since the 
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aggregate input-ratio y* must assume a value between the 

equilibrium input-ratios in the two sectors, x\ = χ] (p°), 

depending on IIA, it will be seen in the next section that a 

much smaller interval [p° , p° ] cz [p°\ p 0 1 ] contains 

all (0-period) price-ratios ρ , which are feasible for our T-

period programming problem. 

Consequently, f o r a l l p ° e ( p ° , p° ) unique and positive 

values of i\, t = 0,..., T - 1, and yl, t = 1, ..., T, are de

termined by 

0 0/ 0\ 0/ 0\ ο 

χ ι ( ρ ) - Χ 2 ( ρ ) χ ι ( ρ ) - Χ 2 ( ρ ) 

(9) vi_fio[zî(p°)] λ?(ρ°) _ , ο, 
f20[X2(p)] λ 2 ( ρ ) 

τ _ fiT-iEx^'^p0)] λ ^ ρ 0 ) _ , Τ, Οχ 
y r r τ-ι, 0\Ί .τ-ι, 0\ — τ VP )· 

ΐ2τ-ι[χ2 (ρ )] λ2 (ρ ) 

3.3. Since in our programming problem (I) y is exo-

genously prescribed, we must see if a unique solution for 

Ρ e (ρ j Ρ ), through (9), is possible. 

From 

fat-iixr1) xr 1 -/ 

we get 

l '_ < W ) p'- '+y- d t f V ) 

(10) ψ'(ρ») = - ^ X i j f ^ Γ ^ Γ , t - 1, ..., τ , 

(H) 
ψ'(ρ°) dp" (xi-'-y-')(p-'+xS-') dp 0 

p'-'+ y'"' d xTV) 

(y-'-xi-')(p-'+x·-') dp" 
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.t-1 „t-1 j it-1/ 0\ 
Χ Γ - Χ Γ άψ"(ρυ) 

( x F - 0 ( y -χΓ) d P 

The sisrn of——v-^- for all successive values of t from 1 to sign _ 
d p 

t-1 / 0\ 

Τ depends on the signs of — ~ , i = 1, 2, t = 1, . . ., T, 
d p 

which in their turn depend on the sign of o~ J 
d p 

t = 1, . . ., T. We thus have to examine the function 

(i2) *'(P-')=é4xû-
f2t-l(X2 

where χ|_ 1 = χ|_ 1 (p t _ ) are determined from 

p M « a ^ X i " 1 ) , t = 1, . . . , T . 

We have: 

p - d , ' (p ' - ' ) ρ - p -
tr t-l\ ι „t-1 „t-1 , „t-1 t-1 , t-1 ( 1 3 ) π ι ( ρ Μ ) d p 1 " 1 ρ'-' + χ Γ Ρ

ι " + χΓ 

It is thus seen that Γι ^ ^ wherever IIA holds. Its sign 

d p -

depends on the particular form that IIA takes at 

t = 0, . . . , T - 1 : 

If xTV) {\ J »"(ρ"), then ̂ fp- { > } 0. 

Therefore, if I I A holds for all t = 0, . . ., Τ - 1 , all d π (P \ 
d ρ 

dxi(p°) :dV(p°) άπ2(ρ°) d x V l d ψ2(ρ°) 
d p 0 ' d p 0 ' d p 0 ' d p 0 ' d p 0 ' 

j i T / 0\ 

-%—, are non-zero and, consequently, for any T-period 
d p " 
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output-ratio y , a unique and positive price-ratio ρ is determined 

^ ( 1 0 ) . 
Having determined a unique and positive p° from (10), 

unique and positive solutions for p* = π*(ρ 0 ), xj = χ!(ρ°), 

2\ = λ!(ρ°), y* = ψ ι(ρ ), are thereby obtained as it was shown 

in Section 3.2. We also note that the price-ratio p° deter

mined by (10) is such that 

(14) xV) {^} ΨV) {^} ÄP0) 
holds for t = 0 , . . . , T — 1 , 

3.4. We have thus proved the following: 

Theorem 1: Under the input-intensity-assumption, for any 

y°^>0, y ^ Θ , the intertemporal efficiency conditions (4) and 

(5) of the programming problem (I) are satisfied by unique 

and positive (Xjj) and (pî). 

4. T H E ENVELOPE OF ALL t -PERIOD P R O D U C T I O N -
POSSIBILITY LOCI 

4.1. The function ψ*(ρ°), for t = 1, . . ., Τ, and for p° 

in a compact interval to be specified below, describes the 

envelope of t-period production-possibility loci given the 

initial endowment y°. T h e fact that under I IA y1 = ψ*(ρ°) is 

uniquely determined by p° implies that the t-period enve

lope is described by astrictly concave curve in the 2-dimensional 

commodity space. 

Let us consider each one of these envelopes more carefully. 

We have, y1 - M * V » ^ f f Ρ ° > m ψ V ) , with y°>0 

kotzte)] xi(p)-y 
given; see e.g. Figure 5. As it was explained in Section 3.2, 

under the form of IIA at time 0 considered, there exists a 

12 
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unique p 0 1 > 0 for which χΪ(ρ01) = y° and thus ψ^ρ 0 1 )^ 

= + GO, and a unique p 0 1 for which χ° (ρ01) = y° and 

thus ψ1 (ρ01) = 0. [ρ 0 1, ρ0 1] is compact, and for any 

P° e [p01> p01]> the corresponding output price-ratio p 1 is 

given by ρ1 = π^ρ0) e |V(p 0 1) 5 π1 (ρ0 1)]. Here π^ρ0) is an 

increasing function of p°e[p°\ p 0 1 ] . 

Let us now consider a 2-period problem and thus the 2-
period envelope described by 

Uxiip)] χι(ρ)-Ψ (ρ) 

under the conditions contemplated in Figure 5. Xi(p°) 

is a strictly increasing function of p° e[p0 1, p 0 1 ] . On 

the other hand ψ^ρ0) is a strictly decreasing function of 

p°e[p°\ p 0 1 ] . Thus there exists a unique p 0 2e(p 0 1, p01) 

for which χ ^ ρ 0 2 ) ^ Ψ^Ρ02) > 0, and thus ψ2(ρ02) = 0. 

Similarly, there exists a unique p02e(p01, p01) for which χ}(ρ02) = 

= Ψ1 (P02) > °> a n d t h u s Ψ2 (P°2) = + °°· S i n c e both ψ^ρ02) 

and ψ1 (ρ02) are positive and finite, we see that [p02, p 0 2]cz[p 0 1, 

p 0 1 ] holds. We also have [π 1 (ρ02), π ^ ρ 0 2 ) ] ^ 1 (ρ01), π!(ρ01·)]. 

4.3. We can proceed in the same manner and examine 

the 3-, . . . , T-period envelope. We thus establish that the 

following relations hold: 

lAf), *' (?0·)]=.[π·(ρ0·+'))π·(ρ0'+1)]=>.·.= [π,(ρ0Τ)> 

π'(Ρ° Τ )], fort= 1,2,..., T. 

Considering our T-period programming problem, the in
tervals 
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•0 r 0T — OT-, ·1 r 1/ OTs 1 /~0T\ -, ·Τ Γ T , 0T\ 

ΐ τ = [ρ , ρ ], ΐ τ = [π (ρ ),π (ρ )], ...,ιτ = [π (ρ ), 
π τ (ρ0Τ) ], are, respectively, the sets of all T-optimal O-period, 
1-period, ..., T-period, price-ratios. The first purpose of the paper 
is to establish certain relations between the intervals iT, ii, 

•τ 
. . . , i T . 

4.4 We have seen that the function p t + 1 = nt+1(pt) is 

a strictly increasing-or decreasing-function of ρ*>0 if ^Ϊ(ρι) > 

X2(P1) -or (xì(p*) > χί(ρ1))· Consequently!, P t + 1 - log p t + 1 is 
a function of P* = log p*, given by 

p t + i = n t + i ^ pt e R > 

such that 

(U) o ^ i d n , + 1 ^ ι -ι p t Ρ i < r i 
dP ρ + χ 2 ( ρ ) ρ + χ ι ( ρ ) 

holds for all P'eR. II t + 1(P t) is an increasing (decreasing) 

function of P* if π*+1(ρι) is an increasing (decreasing) func

tion of p*. 

We can also see that 

(15) 0 < I " ^ F 1 < δ < ι 

for all t = 1, ..., T - 1, and all P'eR. 

Considering any P l, P'^R, with Ρ*>Ρ'1, we get 

p t + i _ F t + i = n

t + 1 ( F t ) - I I t + 1 ( F t ) - d n t + 1 ( î > t ) (Ρ 1-Ρ'4) for 

some ρ ε(Ρι, Ρ'1)· Hence, Il t + 1(P t) is a real-valued function 
on R such that there exists a number δ <^ 1 and 

(16) | Ρ ' + 1 - Ρ ' ι + 1 | < 8 | Ρ ι - Ρ η | 

for any P'.F'eR. 

1. This transformation to the logarithms of the original variables is 
the basic tool used by Uzawa [11] for the proof of the turnpike theorem 
in the 2-sector model. 
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4.5. Let us now return to our T-period programming prob
lem and examine the intervals 

I Î - [log p0T, log p 0 T ] , ..., I? = [log π τ ( ρ ο τ ) , log πΡ 

( p 0 T ) ] . For any P°, P'°eIT, P° > F°, P1 - P'1 - U\?°) -

Π ι ( ρ , 0 ) = dIT^(P^ ( ρ ο _ ρ , 0 ) for s o m e ^o e ( po F o ) c I o a n d 

; dPo v 

by the argument in Section 4.4, 

I P1 - P ' 1 i < δ I P°- P'° I holds. 

Similarly, | P 2 - P ' 2 | = |Π 2(Ρ !) - Π2(Ρ' !) | - | - ^ ^ - | | P 1 -

-P ' 1 | holds, and thus | Ρ 2 — Ρ'2 |<δ | P1 - Ρ'1 |<δ 2 | P ° - P'°|. 

Proceeding in the same manner we get1 

(17) | P ' - P ' 1 | < δ1 | P°-P'° I, t = 1, 2, ..., T. 

(17) immediately shows that the lengths of the interval I T are 

strictly decreasing as t increases, and also that the length of I T con

verges to zero as t, Τ —• -f- oo . 

Since all Ιχ are compact intervals, (17) also shows that the 

li (17) actually shows that each one of the functions Π ι + 1 (Ρ*) is a 

contraction mapping on R into itself: A mapping A on a metric space X 

into itself is a contraction mapping if there exists a number <x< 1 such 

that for any, x, yeX ρ (Ax, Ay) < α p(x, y), where ρ is a metric on X. 

For an analysis of the principle of contraction mappings and its appli

cations see e.g., Kolmogorov and Fomin [4, pp. 43-51] . 

By the main theorem on contraction mappings each Π*+ 1(Ρ ι) has a 

unique fixed point, i.e., the equation P t + 1 = Π*+ 1(Ρ ι) has a unique so

lution in which P t + = P*= P*. Consequently, the price-ratio P*, with 

P* =log p t , is the unique solution of ρ 1 + 1 = π ι + 1(ρ*) for which p t + 1 = p \ 

P t may be called the von Neumann price-ratio under the production 

conditions at time t. 

- 181 



On some efficiency properties of the two-sector production model 

lengths of the intervals ix are similarly decreasing as t in
creases,1 and that they converge to zero as t, Τ —> -{- co . 

4.6. For every T, the T-period envelope corresponds to 

the set of T-optimal T-period price-ratios, ΐχ, since the final 

output proportions, y , can be given as a function of the 

final price-ratio ρ e ΐτ. Since the length of ix is quasi-de
creasing as Τ increases and it converges to zero as Τ—>-\- co , it 
becomes evident that the concavity of the T-period envelope 
tends to diminish2 as Τ increases and that the T-period 
envelope converges to a straight line as Τ—> -f- co . 

We have thus proved the following theorem for the pro
duction conditions specified in Section 2.2-3.2: 

Theorem 2: Given the initial endowment with goods at 
time zero, the envelope of all t-period production-possibility 
loci tends to be less concave as t increases and it converges to 
a straight line as t —> + °° · 

4.7. We must be careful in our interpretation of the above 
result. It shows that the lengths of the intervals Ιχ are strictly 
decreasing as t increases. However, the interval Ιχ itself does 
not converge to a unique point as t, Τ —> + co, as long as 
the sequence of functions (ΙΓ+1(Ρ*)) does not converge to a 
function Π(Ρ). Consequently, although the T-period envelope 
approaches a straight-line, for Τ large, the normal to this 
line is not the same from period to period. 

1. The lengths of i T are not necessarily monotonically decreasing as 

t increases. However, (17) shows that for each t>0, there exists a finite 

t ' > 0 , for which | i T | > | i T

+ t | , T > t + t ' . To indicate this properly 

we will say that the length of i T is quasi-decreasing as t increases. 

2. Since the intervals [π'( ρ o t ) , π 1 (ρ°*)], t = 1, 2, .... T, properly 

contain the T-optimal t-period intervals, ί τ = [π ί (p° ), π* (p° )] the ten

dency for each period's envelope to become less concave is even stronger 

than it is indicated by the result that | I T | > | I T + 1 |, t = 1, 2,..., T. 
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5. THE T-OPTIMAL SUBSET OF THE 
t-PERIOD ENVELOPE 

5.1. Theorem 2 established that the lengths of the intervals, 
ίτ, of all T-optimal price-ratios at time t are quasi-decreasing 

as t increases, and that they converge to zero as t, Τ—> + co. 
To these sets of price-ratios iT there correspond subsets of 
the 1-period, ..., T-l period, envelopes, which may be called 
the T-optimal subsets of the 1-period, ..., T-l, period, envelopes 

Ε τ, ..., Εχ"-1, respectively. 
Let us consider Ε τ, ..., Ετ"1, as Τ increases from 1 to + co. 

A careful examination of the argument of Sections 2.5 and 
3.1 shows that Ετ+i is a proper subset of Ετ for any t, T. 
This follows immediately from the observation that not all 
points on the t-period envelope, El, can lead us to a point 
on the t-f- 1-period envelope, E t + 1 ; see e.g., Figure 3. This 
last property is, in general, a consequence of the strict concav
ity of the t-period envelope, El, and the strict convexity 
of the aggregate input isoquant at t for the production of 
any specified output combination at t + 1 ; because, as we 
saw in Section 2.5, all points on E* which can lead us to a 
point on E t + 1 are points at which E1 is tangential to some 
aggregate input isoquant for the production of the corres
ponding point on E t + 1 . In particular, a relatively strong 
sufficient condition for this property is our assumption (A) 
of Section 3.1, that the slope of the input isoquants becomes 
parallel to the axes if one wishes to produce a specified output 
with continuously increasing quantities of only one of the 
inputs. Therefore, although the production of both goods 
may be possible by the use of only one of the inputs, such 
production is never intertemporally efficient if (A) holds true. 
Thus the t+1-optimal subset of the t-period envelope, E\+i, 
is a proper subset of E l. Similarly, E|** is a proper subset of 
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E t + 1 , and thus Εί + 2 is a proper subset of E{+i and in 

general E{>+i is a proper subset of Ε\· , t' = t, ..., T. 
5.2. We thus see that, under the production conditions 

specified in Sections 2.2 and 3.1, as the length of the horizon 
increases, all intertemporally efficient accumulation paths 
move very closely together in the beginning periods.1 This 
result may be formulated as follows: 

Theorem 3 : Given the initial endowment with goods at time 

zero, the T-optimal subset Εχ of the t-period envelope E l 

is a proper subset of it, for any t, T, with f<TT. The sequence 

of Εχ, as Τ increases, is a strictly decreasing sequence con

verging to one point as Τ —• + oo. 

6. FINAL REMARKS AND SOME EXAMPLES 

6.1. Nothing so far has been said about the speed of conver
gence of the envelopes of all t-period production-possibility-
loci to straight lines as t increases. A common regrettable 
feature of all papers dealing with properties of efficient accu
mulation paths in closed models is the absence of any quanti
tative information about the length of the horizon required 
for the convergence of the path to a neighboring cone of 
the von Neumann ray for a specified part of the horizon. In 
other words, in all these papers asymptotic properties of 
efficient paths are established without any information on 
the speed of convergence of these paths. 

Casual examination of simple examples for our two-sector 

1. This property confirms for our very special model a general con
jecture of G. Debreu, communicated to me orally by T.C. Koopmans, 
that in quite general multisector production models, even under changing 
but foreseeable production conditions, all intertemporally efficient accu
mulation paths keep closely together for most of their duration if the 
program horizon is long enough. 
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model appeared to support the conjectures that: (a) the 
convergence of the envelopes established by Theorem 2 is 
very rapid, (b) the t -f- 1-optimal subset of the t-period enve
lope is a small segment of this envelope and, (c) the t + t'-
optimal subset of the t-period envelope shrinks very rapidly 
as t' increases. In order to get accurate information on these 
questions, a series of examples with Cobb-Douglas and 
Gonstant-Elasticity-of-Substitution production functions have 
been worked out, by means of a computer algorithm. The 
results of the first of these examples (with Cobb-Douglas 
production functions) are reported below. 

6.2. Let us first consider a constant technology model de

scribed by the production functions, Yj = A X?! Xàï", and 

Y2 = Β X?2 X ^ 3 . Suppose that A = 4, Β = 2, while α and β 

are either α = 1/3, β = 2/3 or α = .1, β = .8. With initial 

endowment Y? = 1, Yjj = 1, the envelopes for the first 3 

periods appear in Figures 6 and 7.1 

For the example depicted in Figure 6, the von Neumann 
price-ratio is p * = 1 . 6 8 , and the von Neumann output-ratio 
is y* == 1.68; while for that in Figure 7, p * = 1.67 and y* = 
1.48. 

We first observe the rapid flattening of the successive 
envelopes in both Figure 6 and 7. We have: 

1. In Figures 6 and 7 all paths leading to the 20-period envelope 
are given by the path εε. Those leading to the 10-period (respectively 
5-period) envelope are included between the paths ζζ and ηη (respec
tively cc and dd). The example of Figure 7 was specifically selected so 
that each envelope will exhibit a pronounced curvature. It can be 
seen that its curvature becomes greater if the difference α-β is greater. 
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Length of the Interval of the 
t-period Price Ratios 

Period 

1 
2 
3 

In Figure 6 In Figure 7 

.93 5.78 

.08 1.62 

.01 .93 

Length of i j 

In Figure 6 In Figure 7 

.10 2.21 

.03 1.01 

.01 .93 

FIGURE 7 
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We also see that the T-optimal subsets of these envelopes 

shrink rather rapidly as Τ increases. However, the «turnpike 

property» of intertemporally efficient paths manifests itself, 

only for the long-horizon paths εε, ζζ, and ηη. Finally we 

see that in both Figures 6 and 7 all efficient paths move 

in a wavelike fashion. The necessity for this kind of motion 

is due solely to the fact that in these examples χ-^ρ*) > χ! (ρ1) 

holds, i.e., that sector 1 uses relatively more of input 2 than 

sector 2 does.1 

6.3. In Example 2 we consider a changing technology 

model with a program horizon of 20 periods. We have: 

Yî + 1 = A(t) Xfi Χί"α, and Y^ + 1 =B(t) ΧΪ2

β X£fß, with A(t) = 3, 

B(t) = 1.051, α = . 8 , ß = . l , t = 0, . . . ,20, a n d Y ? = 1, Y°2 = 1. 

Namely, we examine the simple case of neutral technological 

progress, which is unequal in the two sectors. Here, the von 

Neumann price-ratio (under the production conditions at t) 

21 71 *' 
is given by p t = -. * , while the von Neumann output-

. . . , * . 10.85 -
ratio is given by yt = γγρμ ' 

The envelopes for the first five periods appear in Figure 

1. This wave-like motion of efficient paths should not be confused 
with the well-known «cyclic» exceptions to the Turnpike theorem. As 
a matter of fact, in our model the input matrix (at the von Neumann 
prices) is strictly positive. Thus its positive eigenvalue is strictly greater 
in absolute value than the second eigenvalue, and the «cyclic» exception 
to the Turnpike theorem cannot occur. 

We may note however that, whenever Xj >x.£ holds, both eigenvalues 

are positive, while if x ^ x f the second eigenvalue is negative. 
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8, while those for the 5-, 10-, 15-, and 20- period are drawn 
in Figure 9.1 

First, we observe again the flattening of the successive 
envelopes. The envelopes from the 10th period and on are 
virtually straight-lines. However, their corresponding 
price-ratios are continuously declining, because of the neu
tral technological progress in sector 2. 

Second, we see in Figures 8 and 9 that the 20-optimal sub
sets of the 1-period, ..., 5-period, and even of the 10-period 
envelopes are extremely small. This strong verification of Theo
rem 3 above is naturally very encouraging. It clearly indicates 
the importance of long-run planning. Our economy is 
severely restrained in its selection of a multiperiod accumu
lation path, if this pa th is to be intertemporally efficient. 
Long-run planning appears to be indispensable. It would be 
very interesting to test the importance of long-run planning 
by a systematic examination of such models (with Cobb-
Douglas, or more general C-E-S production functions), and 
to derive an index (as well as some quantitative estimates) 
of the loss of efficiency which can result if only short-run 
(e.g., 5-period) planning is practiced. 

6.4. It is of course true that the production conditions 
which are likely to prevail in the future are never known 
with certainty today. Moreover, the uncertainty surrounding 
them increases as we consider longer planning periods. A 
satisfactory answer to this problem is not possible within 
the confines of our model. However, the following example 
is offered for illustrating purposes. We consider our economy 

1. The scale in the axes of Figure 9 refers to the 20-period envelope. 
In order to get the actual scale of the 15-period, 10-period, and 5-period 
envelopes, this scale must be divided by 8, 25, and 50, respectively. Of 
course, absolutely no change in the essential feature of Figure 9 can 
result from such a normalization. The data for Figure 9 are summarized 
in Table 1 (a) below. 
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FIGURE 9 
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as described by Example 2 for t = 0, ..., 9, but we now sup
pose that from the 10th period and on neutral technological 
progress occurs faster in sector 1 than in sector 2. Namely 
we have: 

A(t) = 3(1.10) t_9, and B(t) = B(9), for t = 10, ..., 19. 

Under the changed conditions, our economy starting again 
with Y? = 1 and Y° = 1 at time 0, has naturally very differ
ent production possibilities in the last 10 periods. 

These possibilities are summarized in Table 1 (b). However, 
as the data in this table for the 5-period, and 10-period en
velope show, the 20-optimal subsets of these envelopes are 
hardly changed as a result of the new production conditions 
in the latter half of the planning horizon. This is an interest
ing, and at the same time a very intriguing, finding. If 
such a property of intertemporally efficient paths is true 
under fairly general conditions, then the existence of uncer
tainties with respect to the conditions of production in the 
more distant future does not render useless all long-run 
planning conducted on the basis of known production condi
tions. 

13 
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APPENDIX 

1. In the text we carried out our analysis on the basis 

of (ΠΑ). We have now to indicate why (IIA) is not critical 

for the proof of the existence of a unique and positive solu

tion to the programming problem (I). 

For simplicity, let us first consider a one-period problem 

and suppose that the functions χ{ (p°) are as in Figure 10(a). 

The price-ratio at 1, p 1 , as a function of the price-ratio 

at 0 is also described in Figure 10(a). We note that the inverse 

function of π 1 for all non-negative p° does not exist in this 

case. However, this is of no importance for our problem be

cause we will immediately see that the initial-endowment-

ratio y always determines an interval of feasible p°'s over 

which the inverse function of π 1 exists. If e.g. the initial-

endowment-ratio is equal to y0 ', then in accordance with the 

argument of section 3, a compact interval i?' = [p 0 1 ' , p 0 1 ' ] of 

feasible 0-period price-ratios is detemined. π 1 is strictly 

increasing over ii and thus the inverse function of π 1 over 

i? exists. Also in this case y1 = ψ1 (p°) is a decreasing function 

of p °e i? ' , with <j/(p01') = +00, and ψ1 (ρ0 1 ') = 0. Thus 

ψ (p°) over \\ may be illustrated as in Figure 10(b). 

If y° = y , we see that the intersection of χ°(ρ°) and of 

y = y occurs at a unique point p°", since both χ?(ρ°) are 

strictly increasing functions of p°>0. Thus again the inverse 

οι π at ρ exists. 

Since in this programming problem y1 is exogenously 

prescribed, and since χι = /j (p° ), we can determine unique 

and positive values of fi from y l = M^L . iL and fi + fi = 1 

I20(X2) 2i 
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0>> (d) 

FIGURE 10 
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By changing y , we only move both inputs from one sector 

to the other without changing the sector-input-ratios, xf, or 

the prices. The relation between y1 and p° in this case is 

also described in Figure 10(b). It is clear that the production-

possibility-locus is a straight-line with normal equal to π ^ ρ 0 " ) . 

2. The situation in multi-period problems is similar. If 

e.g. we consider a T-period problem, in which the 0- and 

1-"period conditions are as described in Figure 10(a) and (c), 

and y° = y°"', we see that from p° = p°" all subsequent price-

ratios, p*, and sector-input-ratios, xj, are determined by (6). 

Since y is exogenously given, unique and positive values 
T-l\ „T-l 

of di'1 are determined from y = 1 " * , i. ., 
f2x-i(xJ-1) il"1 

and tl~x + 02~l = lj those of yT - 1 are determined from 
T" 1 T" 1 Τ 1 τ 1 Τ" 1 

Xi" di' +X2 di = y " j etc., till unique and positive values 

of y1 and d\ are determined from 

xiri + ̂ fi-yV-l^^aiidrf + d-l. 
f2o(xS) it 

In this case not only the production possibility-locus at 1, 

but all subsequent envelopes are straight-lines (with normals 

equal to nx (p 0")). If for some t, 1 < t < T , χΪ (ρ0") φ £ (ρ 0 "), 

(as e.g. in Figure 10(c) for t = 1), then as y moves from zero 

to + c o , y* moves from χ2 (p°") to χί(ρ 0 ' ) · Clearly if 

χί(ρ°") = £tf"), »hen y' = χ!(ρ0") for any yT. 

3. Finally, let us suppose that in a multi-period problem 

the 0- and 1-period conditions and the initial-endowment-

ratio y° are as in Figure 11. Further, suppose that the 1-

period conditions are such that forp0 = p 0 / χ1(ρ0/) = ψ1 (p°')= 

= %2(p ). Then ρ is the unique 0-period price-ratio which 
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is feasible for our T-period programming problem. With 

p* = π*(ρ0') and Xi = χ1(ρ0') we can determine for any given 

y unique and positive l-x

 _ 1, y - 1 , ..., y2, β\, by 

T _ flT-l(Xl") l\~ T-l , Λ-Ϊ _ , 2- 2 , 2 .2 _ 2 
y ΓΊΤ-~κ τΐΓ> «ι + ^ 2 — l> •••s Χ ικ ι -h Χι Ιίι — y , 

f2T_i(x2 ) L· 

y

2

 β J k Ë i l . b e\ + ri - 1, respectively, y1 = <j/(p0') is equal 
f2i(x2) ri 

to χ! (ρ 0 ') and $ = λ?(ρ0 '). Consequently, we obtain again 
a unique and positive solution to (6) and (7). Here, although 
the production-possibility-locus at 1 is concave, all the 
succeeding envelopes are straight-lines; see e.g. Figure 11(c). 
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(c) 

FIGURE 11 
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