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FOREWORD

This working paper is part of a larger manuscript which we are
preparing as the final report by NPA's Development Planning Project to the
Agency for Intevnational Development. We eventually intend to publish a
book from the material comprised in our final report,

For this reason we wish to give the reader some idea of the
broader perspective which encompasses this present working paper. The
larger study covers our empirical and theoretical work on the open,
dualistic economy. In approaching this larger subject we begin by survey-
ing the present state of the art in growth and development studies. This
assists the reader in understanding the evolution of our own analytical
framework,

Four chapters {(of which the present working paper is one)
are devoted o surveying four rather distinctive approaches to the study
of growth and development, In addition to the planning approach discussed
in this paper, we survey the historical approach, the institutional approach,
and the theoretical approach in other chapters now being written.

This worling paper, however, goes somewhat beyond wmerely reviewing
and evaluating the planning approach. We attempt to make an original

contribution by developing techuiques both for investigating planning



methodology and for use in the analysis undertaken in later parts of the
larger study mentioned above, These techniques are presented in Sections 2

and 3 of the present paper.

We have attempted to write this paper as a unit in order that
we may circulate it to interested students of development economics. Oux
purpoge in this advance circulation is to invite eritical comments on any

of the large number of issues discussed. Ve shall be grateful for any

reactions the reader may wish to express,

Douglas S, Paauw
John C. H, Fel
August, 1968
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1. BACKGROUND, SCOPE, AND METHOD: GENERAL FEATURES

1.1 Background of the Planning School

During the years after World War II an important group of
practitionexs gradually formed azmong professional economists. This group,
known as the planning school, is dedicated to the application of economic
knowledge in the formulation of development plans for less developed
countri.es.1 The emergence of the planning school on the postwar scene can
be attributed to two historical events. On the one hand, less developed
countries became aware of their economic backwardness and, more importantly,
the belief emerged that their economic problems should be attacked at the
national level under the leadership of the central governmment. On the other
hand, a revolution in economic methodology occurred. Professional
economists in the Western world became iIncreasingly oriented toward
econometrics-~broadly interpreted to mean an emphasis upon analytical rigor
in the formulation of economic theory (as typified by the use of
mathematical models) and empiricism (as typified by the liberal use of
statistical data). The planning school is the practitioner's answer to the
demand for national planning based on the use of this new econometric

methodology.

1Led by Hollis Chenery and Jan Tinbergen, other representatives of this

school of economists are Richard Eckaus, §. Chakravarty, H. C. Bos,

Alan Manne, Michael Bruno, Alan Strout, Paul Clark, Irma Adelman, and

Jan Sandee. This list is by no means exhaustive. Works of several of these
writers will be cited, )



The planning methods developed ia the last two decades may be

broadly classified as two major types: partial planning and fotal plauning.

Partial planning is concerned with allocation criteria; i.e., eriteria for

the allocation of investment funds among various industries or investment
projects,2 This approach is referred to as partial planning because it does
not postulate a framework for understanding the operation of the whele
economy. The mwajor characteristic of ftotal planning, by contrast, is
precisely its framework of reference which depicts the operation of the whole
economy at a selected level of aggregation. In this chapter we are
concerned with reviewing the planning school from the viewpoint of its
contribution to the methodology for amalyzing economic growth. Since growth
analysis inevitably involves a perspective appropriate to investigating the
operation of the economy as a whole, our survey is limited to methods
developed for total planning.

The circumstances of its origin have given the planning school a
mique place among the various schools concerned with economic growth.3
The planners' approach differs from the other approaches to growth in two
major vrespects: the planners' emphasis upon a direct policy output of their

work and in the formalism of their methodology. The policy consciousness of

2This acceptation is similar to Albert Waterston's use of the term, "partial

planning." Albert Waterston, Development Planning: Lessons of Experience
(Baltimore: The Johns Hopkins Press, 1965), pp. 70-74, 188-189.

3The other major schools are reviewed in other chapters. They include the

historical, institutional, and theoretical approaches to the study of
eccnomie growth,



the planning school reflects the avowed desive to practice the art of
economics to affect development through direct and explicit advice. This
stands in sharp coutrast to the other schools in which policy implicatioms,
if any, are more indirect or deduced. The planning school's methodological
formality is exemplified by its experimentation with the generous use of
quantitative analytical techniques--e.g., dynamics methods, linear
programming, and simultaneous equationsw~~to manipulate masses of statistical

data. Policy recommendations, therefore, are cast in cuantitative terms

based on observable and measurezble facts. The current influence and

prestige of the planning school are primarily explained by this guantitative

policy orientation which is indeed conspicuous when compared with the other
growth approaches surveyed in these teview chapters.

For a critical evaluation of the works of the planning schoel, it
is essential for us to have a working knowledge of its methodology. For it
is its methodology which reflects the '"professionalism" of this school and,
to a large extent, defines its scope; i.e., which guides planners in theilr
selection of what is relevant, or irrelevant, to developmental policies.
Furthermore, we stress methodology since this represents the planners’
longer run contribution to knowledge. Their specific policy conclusions
apropos a particular country, however valuable, are of transient interest.
Unfortunately, it is nof so easy to discuss the planners' methodoliogy
abstractly. Their methodology is intrinsically technical and to scme, no
doubt, difficult. Furthermore, the planning school dees not employ a

voique technique. 1In this context, it is quite important to realize that



planning methodology is an art. A wide variety of quantitative techniques
are manipulated in a flexible and experimental way to reach the basie
objective of formulating policy recommendations in quantitative terms. 1In
their anxiety to emphasize such policy findings, members of this schaol have
been rather negligent in communicating the methodological content of their
work to the general profession.4

For these reasons we begin by identifying certain typical features
of the planners' methodology. In particular, we discuss the outlines of

the two most commonly used model structures, an aggregated model and a

digsaggregated model, To introduce these models we examine their national

income accounting structure in Section 1.2. The notion of accounting
consistency, an essential criterion for adequate development planning, is

introduced in Section 1.3, The more informal aspects of planning methodology

are discussed in Section 1.4. Behavioristic assumptions, which play a

crucial role in planning models, are introduced in Section 1.5, while the

planning school's approach as a whole is summarized in Section 1.6.

“This remark refers specifically to several contributions of Professor
Chensry and his followers, whose works we review later in this chupter.

In contrast, Professor Tinbergen has concentrated on certain purely
methodological aspects of development planning without investigziling the
problem of applicability of planning models. See, for example, J. Tinbergen
and H. C. Bes, Mathematical Models of Economic Growth (New York: DMcCGraw-Hill
1962). 1In our review we show that the purely methodological aspacts of
planning, based on the use of formal mathematical models, are only a part of
planning methodology. We concentrate on planning models which have been
actually applied to stress a sense of the totality of this approach,

including its theoretical foundations, statistical data requirements, and
policy content,




1.2 Accounting Systems fox Aggregated and Disaggregated Planning Models

Planners have emphasized two types of models for total planning,

the aggrepgate open model and the disaggregated (n-sector} model, which

differ from each other in the degree of aggregation used to portray the
whole economy. The outlines of these models can best be described in terms
of their national income accounting systems, the foundation of all planning
models.

The national income accounting system for the aggregate, open
model. 1s represented by the flow chart shown in Diagram 1a or, more
succinctly, by the linear graph of Diagram 1b.° There are seven variables:
Y (national income), E (exports), I (ilnvestment), C (consumption},

M (imports), S (savings), and A (import surplus or foreign aid) represented

by the seven directed flows (or edges) connecting four vertices: (::)(EE}
(::)(::) . The vertices are sectors of the economy with the following

economic interpretations: production sector, @ houschold sector,

(35) foreign sectoxr, and (::)-finance sector. Conforming to these

interpretations, the direction of the flows (edges) indicates the direction

of monetary payments between sectors. For any directed edge, the initiating

SDiagram 1 will be used repeatedly for reference in the entire texzt of
this chapter. The diagram and the notations should, therefore, de
remembered.
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Diagram |: Aggregate National income Accounting System
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vertex stands for the paying sector and the terminagl vertex stands for the

receiving sector. For example, C, consumption expenditure, is a payment

from the househoid sector @ to the production sector + Here, @ is

the initiating vertex and the terminal vertex., Similarly, every one of

the seven planning variables has such an interpretation.

Consistent with the linear graph of Diagram 1 is a system of four

income accounting equations-~-one attached to each vertex. These accounting

equations simply state the equality between the total inflows (or total

monetary receipts) and total outflows (or total monetary payments) at each

vertex (i.e., each sector) with obvious economic interpretations, as follows:

1.1.a) At : Y+ M

it

I+ C+E (Total demand for output,
G+ 1+ E, is equal to total
payments, Y + M, from the
production sector.)

b) At @ : Y=+ 8 {Total household income, Y,
equals savings, .S, plus
consumption, C.)

¢} At {F): M=E+A (Total {mports, M, are paid for
by exports, E, and foreign
aid, A.)

d) At{Z: I=A+S (Investment, I, is Ffinenced by

domestic savings, S, and
foreign aid, A.)

These four equations represent the four basic resource balances

at the aggregate level. They are the total resource balance (1.1l.a), the

income disposition balance (1.1.b), the foreign trade balance (1.l.c), and

the financial balance {(l.1.d). Our later analysis demonstrates that the




satisfaction of these four basic resource balances is the primary emphasis
in the work of the planning school,

The second model for total plamning is the disaggregated (n-gector)

model, a direct descendent from input-output methods. According to this
tradition, the production sector is disaggregated into a2 large number (n)
of specific commodities ox industries. Such a model is pictured in

Diagram 2a.6 Individual industries are represented by the three vertices

Pl, Pz, P_, in the production sector. At each vertex in this sector,

3
inflows represent monetary demand and outflows represent monetary
outpayments for an industry. Following the input-output tradition, there

are two types of monetary demand (inflows) for the commodities of each

industry in the production sector: demand for Intermediate factors of

production (xll’ x12’ X 3,....x33} which originates within the production

1
sector and final demand (or net output), which originates from without the

sector. Final demand includes consumption (Cl, 02, 03) originating from
the household sector (::) s investment (Il, IZ’ 13) originating from the
finance sector, (%) s and exports (El, Ez, EB) originating from the foreign
sector (::) « For each indus?ry, outpayments consist of payments for
intermediate factor costs (xij introduced above), payments to the foreign

sector (::)for import goods (M s Yy, Mﬁ), and payments to the household

Ohis diagram will be used repeatedly for reference in the entire text of
this chapter. The diagram and the notations should; therefore, be
remembered.



sector @ for primary factor costs (Vl, v, VS)' The income of the

household sector is disposed of as consumption expenditures (Cl’ ’ 03) and

%
savings, S. TFor the foreign sector (::) s the difference between total
inpayments, or imports (Ml, Mé, M3), and outpayments, or exports (El, Ey, E3),
is foreign aid, A. Both savings, S, and foreign aid, A, constitute inflows
into the finance sector (Z) to finance total investment.

While the disaggregated accounting structure may vary in certain
details when used by planners, the above entries are the essential and
typical ones. The accounting structure of Diagram 2a emphasizes that the
central analytical concern of the n-sector model is a detailed study of the
rescurces aspect of production in respect to inter-industry relationships.

In our illustration we use only three production sectors. In actual planning
applications, a much larger number of sectors is frequently used, The basic
principle, however, remains the same.

In the three-sector disaggregated model just introduced, the 26
variables are bounded by six accounting equations attached to the six
vertices. As in the case of the aggregate model, each equation statss the
equality between inflows and outflows at each vertex. For cur three-~sector

model the six accounting equations are:



- Diagram 2: Disaggregated National Income Accounting System

FOREIGN
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L)

1.2.a) At Production Vertex @

13 1 - L 3 o 1
%11 + Xy F Xy T M, + 7 = %11 + Xpgy * X3y Y I T Ep+ G

L]

b) At Production Vertex @

1
321 -+ 322 + 323 + Mz + Vz = x12 + E99 i k39 -+ 12 + EZ + Czl {(Allocation

of output)

¢} At Production Vertex (?E) :

X371 -+ X9 + x33 4-3% + V3 = %13 + o1 + x33 + I3 + Eg -+ 03
d) At Household Vertex@ H

v, Vé + Vé =0y + 02 + 03 + 8 - (disposition of income)
e) At Foreign Vertex (Ei}:

A+ E; + E2 + E3 =My + M, + My (financing of imports)
£) At Finance Vertex @ :

A+8 =1, +1,+ i, {financing of investment)

There are certain similarities between the aggregate model and the
disaggregated model. We see in these equations that it is only the total

resource balance that is disaggregated. As in the aggregate model above,

this disaggregated model includes the income disposition balance (2d), the
foreign trade balance (2e), and the financial balance (2f). It is the
additional detail characfcerizing the production sector, however, that gives
the n-sector model the proliferation in total resource balance. This latter

is the special feature of the n-sector model, inherited from input-output

economices.
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To facilitate our later discussion we introduce the following

aggregate accounting variables, definable in terms of the variables

introduced sbove in equation (1.2). Specifically, a total value can be

defined at each wvertex:

1.3.2) At Production Vertex :

X = Xll + Xa1 + Xq4 + Cl + Il -+ El {total output of Pl)

b) At Production Vertex

X2 =Xy, + Ty T Xgy T 02 + 12 + By (total output of P,)

3
X3 = Xyq + Xyq t Xg3 t Cq + I3 + Eq {total output of P3)

¢) At Production Vertex @

d) At Household Vertex @ :

V=v + v, + vy (national income)

2) At Forelgn Vertex @ :

= 1 ot i 3
M Ml M2 r-'M3 (total imports)

£) At Financial Vertex @ :

§,=8+A . (total savings)

We have already observed that the plamning school, in applying the
n-sector type model to the entire economy, frequently covers a large number
of sectors in its scope. The complexity resulting from this multiplicity

of sectors limits the analytical focus to the symmetrical relationships

- 12 -



involved. This structural symmetry is apparent from the fact that no
production sector can be distinguished from other production sectors in
respect to intersectoral relationships.

In our review of the historical approach to growth (in an earlier
chapter), ;Je observaed the avolution of the fdea of relationships between
major sectors as an aspeci of growth., The historians' interpretation of the
operational content of the concept of sectors was very different, however,
from the one just reviewed for the planning schooi. The historical school
envisaged a small number of large sectors involving asymmetrical patterns
of relationships. In contrast, the planners' aggregate models, on the one
hand, posit one large production sector, thus suppressing all meaningful
analysis of intersectoral relationships. Their disaggregated models, on the
other hand, build in a certain rigidity so that only symmetrical
relationships can be handled in a formalistic way. As we shall see, this
particular treatment of sectors and intersectoral relationships follows
from the planners' resource-oriented growth philosophy, sharply distingulshing
the planning school from other approaches.

This brief review stresses our earlier observation that the formal
postulation of a mational income accounting gystem--containing planning
variables and planning equations--is the basic component of thz plauners’
methodology. Given its centrality, the national income acecounting system
determines the scope of what ig included within the purview of this school
and reveals clues to its growth philosophy. Development comes to be viewed

as basically an allocation phenomenon in the narrow sense of the ytilization

- 13 -



and augmentation of resources. More specifically, the approach emphasizes

the analysis of the sources and destination (e.g., foreign, domestic, and
production sectors) of current and capital resources. In this analysis,
stress is placed upon resource balancing in the sense of equality of supply
and demand among the sectors identified. While there may be variatlons
relating to the degree of detail involved--as illustrated by the two
accounting systems examined above--the central viewpoint remains unchanged.
Growth and development are wholly matters of how economic resources are
made avallable and how they are utilized.

‘The centraiity of the national income accounting system in the
planners' methodology also imparts a very special flavor to their strong
policy orientation. Poliecy is construed in a very special sense havipg to do
with the application of a national income accounting system for planning
purposes. Specifically, policy becomes a matter of choosing particular

methods for computing and projecting the numerical values of all planmning

variables. The operational problems of such choice then revolve around the
appropriateness of glternative systems for numerical computaticn and
projection in the context of a particular plan,

In this very special poliecy foeus of the planning school,
appropriateness embraces three significant aspects. Two of these are formal
and technical in nature; i.e., those concerned with accounting copzistency
and behavioristic assumptions. The third aspect of appropriateness involves
a collection of informal decisions confronting the planner in formulating

a particular plan. In the following sections, each of these aspects is

- 14 -



studied. Rather detailed treatment is required for understanding the policy

issues posed in regard to the technical agpects of accounting consistency,

which we now discuss.

1.3 Accounting Congistency in Development Planning

After a national income accounting system is adopted, the first

basic requirement of an appropriate plan is that it be a consistent plan.

What is meant by consistency here is accounting consistency; namely, the

projected planning variables must satisfy all accounting equations in the
system, such as the sets (1.1) and (1.2). The importance of accounting
consistency, therefore, is that it imposes a discipline of cohesiveness and
orderliness in respect to the utilization of resources for the whole -
economy, specifically referring to the resource balancing requirements
mentioned above; i.e., total resources, income disposition, foreign trade,
and finance. While an adequate development plan involves much more than
accounting consistency, thig criterion is nevertheless the most essential
requirement and takes precedence over ali others.

The postulation of a system of accounting equations and the
consistency requirement immediately imply that, in constructing a consistent
plan, only a part of the planning variables nesd be estimated; the values of
the other plamning variables can be determined with the aid of the accounting
equations. For example, in Diagram 3a, which is a reproduction of the
aggregate accouniing framework of Diagram 1b, the edges (representing flows)

are classified into two types: the solid edges (C, I, E, M} are termed

- 15 -



Diagram 3: Alternative Planning Models

@ \\ S //®

“-‘__é‘__/
Exogencus: C,I,M,E
Endogenaus: Y, S, A

Calculation:
Step I: Y=C+I+E- M=80

Step 2: S=Y-C=20 ®)
Step 3: A=I-5=10 @

Exogenous: C,I,E,A
Endogenous: Y, S, M

Calculation:
Step It M=E +A=50 ®
Step 2: Y=C+I+E-M=80
Step 3: S=Y-C=20 @

Exogenous: Y,S, M, E
Endogenous: C, 1, A

_[6..

Calculation:
Step i1 A=M-E=10 (B
Step 2: I=S+A=30 @
Step 3: C=Y-5:=60 (@)



exogenous planning variables. and the dotted edges (Y, S, A) are termed

endogenous variables, When the values of all the exogenous variables are

given independently (e.g., C = 60, I = 30, E = 40, ¥ = 50, as they are
indicated on the edges representing these variables in Diagram 3a), we can
calculate a unique set of values for all the endogenous variables by taking
advantage of the necessity for accounting consistency. This calculation is
indicated by the three steps below the linear graph of Diagram 3a and

proceeds in the following order:

Step one: By requiring the balancing (i.e., equality of total
inflows and total outflows) of the production sectmr(}i) s

we can calculate the value of national inceome (i.e., ¥ = 80).

Step twoy By requiring the balancing of the household sector (H), we

can calculate the value of savings (l.e., 8 = 20).

Step three: By requiring the balancing of the financial sector (Z), we

can calculate the value of foraign aid (i.e., 4 = 10).

This calculation process makes use of the principle that in each step the
value of one endogenous variable is calculated by the requirement of
balancing one particular sector (i.e., at a vertex). 1In this way, the
value of all endogenous variables are computed and a consistent plan
constructed.

This example shows that inherent in the notion of accounting

congistency is the idea that the planning variables may be classified

- 17 -



according to a causal order of determination., In effect, the planner can

then concentrate on the projection of the values of a gubset of planning
variables with higher causal order (i.e., the exogenous variables) with the
asgurance that the planning variables with a lower caugal order (l.e., the
endogenous variables) can be determined in a rxoutine fashion, The choice
of a particular set of exogenous variables and techniques projecting their
values can be thus singled out as the first essential steps in development
planning.

There are obviously many alternative ways in which a subset of
planning variables can be identified and designated as a set of "exogenous
variables.” Some alternative possibilities are indicated in Diagram 3a, b,
and c. 1In each ecase, the solid edges represent the exogenous variables on
which arbitrary numerical values are first assigned, The dotted edges are
the endogenous variables whose values are then calculagted by three steps
(shown beside each linear graph) using the same principle mentioned above,
The mere existence of these (and many other possible) alternatives (any of
which might be chosen as the specific planning procedure) reveals the
Yartistic" nature of plamning methodology, involving a combination of
judgment and technique. The judgment aspect arises because there are
alternative ways to select the exogenous variables, amounting to alternative
ways to begin the planning process and, hence, choice must be exercised.
The technical aspect arises from the intrinsically quantitative nature of
planning in terms of resource consistency. We discuss these two aspects

separately, concentrating first upon the tecbnical aspect.

- 18 -



Having postulated a national income accounting system as a plaoning
framework, the following technical questions are immediately confronted:
1) How many variables are included in any set of exogenous

{and endogenocus) variables?

2) What types of sets of varlables qualify as a set of exogenous

variabies?

3) How are values computed for all endogenous variables, given

the predetermined wvalues for all exogenous variables?

Answers to technical questions of this kind constitute the basic
tools of the planner. They are important questions in abstract planning
methodology--precisely because they are addressed to the problem of
accounting consistency. Indeed, satisfactory answers to these questions are
important, not only for the understanding and evaluation of important works
of the plamning school but also for our own work in later chapters.
Therefore, it is important for us to develop the technical background needed
to answer these questions.

It is by no means a simple matter to answer the above technical
questions. For, to answer them in their full gemerality it is essential to
investigate, abstractly and generally, the art of constructing natiomnal
income accounting systems, The accounting systems introduced- for the
aggregate and disaggregated planning models are only special casec, while
we are interested in the general case. Ve shall umdertake this task in
Section 2. This is followed, in Section 3, by an investigation of the

technique of accounting consistency for planning, and where the

- 19 -



three questions posed sbove will be answered in their full generality. The
results obtained will be used both for our further review and evaluation of
the planning school in Sections 4 and 5 of this chapter and for our own

analysis in later chapters.

1.4 The Informal Aspect of Planning

The informal aspect of development plamning relates to a laxrge
muber of judgmenfs essential to the application of planning methods to a
particular country. Decisions which must be made at this point involve
assessments of many facets of the country's institutional and economic
setting. Essentlally, the problem is one of feeding into the more formal
planning framework, adopted for a particular country, information about
certain critical envirommental factors treated more formally by other schools
we have reviewed,

The art of development planning cannot be understood without
recognizing that these factors are incorporaied by plamners on the basis of
judgment rather than scientific analysis, It ie precisely these significant
elements of informal choice which mark planning as an art, despite the
impression of sclentism given by the econometric bent of the planning school.
In fact, a major difference between this school and the instituticnal school
lies in the planning school’s informal approach to treatment of the
euvironmental factors affecting the economy which, as we have seen, receive

increasingly formal analysis by the institutional school.

- 20 -



The environmental factors upon which informal judgments must be
made Include, inevitably, both domestic conditions and those external to the
country. There are many aspects of the domestic situation upon which the
planner must make a judgment, but only a few of those most commonly taken
into account will be mentioned. There is, first, the problem of evaluating

the society's preference gystem in terms of its orientation toward growth,

consumption, equity of income distribution, and other economic and
noneconomie pgoals. A related problem involves an assessment of the

pelitical tolerance for government interference; i.e., the degree of market

intervention and control of resources a govermment can undertake in a
particular society. This amounts to evaluation of a goverument's political
power to prosecute a plan and has obvious implications for the specification
of plan targets. The determination of targets also involves judgments

related to the execution of a plan; i.,e,, its administrative feasibility.

Considerations of data capabilities, supplies of technical personnel, and
the general efficiency of administrative bureaucracies are relevant to this
type of evaluation., Also significant for adjudging implementation potential

of alternative plans is the problem of availability of policy instruments.

This area involves, for example, appraisal of the country's tax and foreign
exchange systems and 'the society's response to changes in their existing
structure. Finally, we mention the most fundamental choice on which
Judgment must be exercised, that of choosing a2 particular development
strategy, and its associated planning methods, on the basis of a diagnosis

of the particular country's central development problems. In practice,
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this choice has been reduced to a much simpler one by the search for a

country's dominant development bottlenecks (e.g., saving capacity,

absorptive capacity, ete.).

While judgments of conditions external to the country are
necessarily more limited in range, they, too, may be of cxitical importance
for effective planning, Two examples will suffice, foreign aid and export
potential. Virtually all plans include a foreign aid component. Judgments

about the international political climate are essential to projecting this

foreign aid component. Similarly, in regard to a country's foreign exchange

earning capacity, decilsions must be made about export potentiazl on the basis

of judgments about future world economic growth and other intangible
international developments.

The perplexing problem of dealing with these environmental factors
in the context of planning has led to attempts by plammers to take these
factors into account through adapting terminology for classification of
planning variables. At the present time, these efforts to formalize
judgments constitute little beyond "language."” Prominment in this regard are
the following descriptions of variables:

(1) Welfare variable (or target variable): a variable whose

value is constyued as a direct indicatorxr of economic welfare {e.g., per
capita consumption, growth rate, unemployment}.

(ii) Predetermined variable: a variable whose value is determined

by forces external to the economy or intractable to government interference

{e.g., export potential, volume of foreign aid).
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(ii1) Insirumenital variable: a variable which can be directly

affected by government policy; i.e., independently of the plamning process
(e+g., tax revenues, foreign exchange allocation).

(iv) Neutral variable: a variable which cannot be assigned to

any of the above types.

In a particular planning context, the determination of which
variables are assigned to any of these categories is entirely a matter of
judgment. TFor example, foreign aid may be classified as an instrumental
variable if it is believed that the govermment has some leverage to bargain
for alternative levels of foreign assistance., If the planner believes that
the government has no such option, foreign aid will be classified as a
predetermined variable., If, moreover, acceptance of foreign a2id is judged
to be politically harmful, foreign aid may also be classed as a negative
welfare variable. While the level of exports is frequently regarded as a
predetermined variable, because their volume is considered to be beyond
the planner's control, the level of imports is generally regarded as neutral,
Such classification judgments, in the final analysis, however, are makeshift
devices to organize for planning the many environmental forces affecting
the economy.

To clarify further the operatiomal significance of such
classification schemes, we recall our previous distinetion between exogenous
and endogenous types of variables. Applying this distinction, the general
principle is that instrumental and predetermined varisbles are considered

as exogenous, while welfare (target) and neutral variables are considered as



endogenous. The underlying idea is simple. UWhen certain poliey measures
are specified as instrument variables and vwhen certain enviroumental factors
are speecified as predeterminved variables, the planner can calculate the
values of the welfare variables and the consistent values of the neutral
variables. Let us consider one simple example. Suppose the planner

envisions (for a particular country) the following values for a target year

in the future:

(i) Availability of foreign aid (A = 10)--a predetermined variable
(by international climate)

(ii) Export potential (E = 40)--a predetermined variable (projection of
potential exports, independcntly estimated)

(1ii) Investment program (I = 30)~--a predetermined variable (based on the
judgment of absorptive capacity or
investment ability of the country)

(iv) Consumption program (C = 60)~--z predetermined variable (based on a
judgment of a consumption standard which
can be politically accepted and enforced)

The simple model given in Diagram 3b can then be employed for
calculating the consistent program related to the neutral variables--imports,
M; savings, 8; and the consistent value of the welfare variable, natiomnal
income, Y.

Obviously, there are many alternative patterns of causal order
which may be derived by informal classification of variables. Some examples

selected from innumerable posgibilities are given in the simple national
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income accounting systems shown as individual cases in Diagram 3. These
cases demonstrate the planning procedure implied in such cholce. I£, for
example, foreign aid, A, is treated as endogenous, then a 'needed foreign
aid" model is required rather than an "available foreign aid” model. If a
particular welfare variable (e.g., a target level of national income) is
considered essential and onme which cannot be compromised for political
reasons, then it will be taken as predetermined (exogenous) rather than
endogenous. If an import substitution program is comsidered feasible, then
-the volume of imports, M, may be treated as an instrument {exogenous)
variable. These examples suffice to demonstrate the flexibility of
clagssification of variables, revealing that judgments play a central xole in
development planning over a very wide range of fundamental plamning :Lssues.7
The important econclusion is that the operation of planning models is not
automatic. Judgment on many complex issues is required before planning
models become relevant to the solution of a very narrow range of problems,
This narrowing of scope required for application of formal planning methods
remains a matter of informal, and sometimes ﬁnconscious, choice,

This combination of an informal judgment ingredient and rigorous
methods stems from the applied nature of planning and affects all levels of

the process. The previous discussion implies that planning relies upon an

7For a more systematic discussion of this problem, essentially one of
planning typology, see John C. H. Fei and Gustav Ranis, YA Study of
Planning Methodology with Special Reference to Pakistan's Second Five-Yezr
Plan," The Institute of Development Economics, Monographs in the Economics
of Development, No. 1 (Karachi, Pakistan: June 1960).
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informal area of knowledge which precedes the formal plamning process and

whieh is arrived at independently of the planning process. In this sense,

it is tantamount to an issue of developmeni strategyv since basic

guldelines are required to give direction and orientation to the formal
planning process. It follows that choice of development strategy determines
whether a plan and the methods it employs will be addressed to a society's
critical and meaningful problems.

Although of crucilal importance, the area of knowledge associated
with development strategy has been neglected because it is difficult and
elusive by its very nature. In the absence of guiding principles, the
improvisations used by planners to cope with the concrzte problems of
this kind tend to be primitive, fragmentary, and deceptively simple.8
Given the heterogeneous nature of the sample listing of these problems above,
we can readily understand both the necessity for improvisation and the
barriers to a more scientific approach. It will be argued in a later
section of this book that an escape from this impasse may be found in
approaching the sslection of development strategy from a much broader

perspective than the planner is accustomed to adept.

Sthe planners' attempts to deal with development strategy issues are
discussed below in Section 4.3,
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1.5 Behavioristic Assumptions for Planning Models

A national income accounting system, as a basic conceptual tool

for a planning model, comprises economic variables and accounting equations.

The set of variables identifies the essential econtent of the model, and
the accounting equations describe its structural outline. In addition, a

planning model always contains certain behavioristic equations, specified

in terms of the wodel's variables. These behavioristic equations are
pastulated to describe how economic agents behave, usually in vespect to

production (i.e.,, behavior of producers) and income disposition {(i.e.,

behavior of income recipients). The usefulness of a planning model depends,
to a large extent, on the conformance of its behavioristic assumptions to
economic reality., Behavioristic assumptions used by planners have been
mainly inherited from other areas of economics. As planning has been more
generally applied in less developed countries, however, plamners have begun
to formulate behavioristic assumptions from their own experience.
Investigation of these assumptions is necessary for understanding the
planners' philosophy of growth inasmuch as behavioristic assumptions
represent a summary view of the essential behavior of the economic agents
relevant to growth. In the present section we merely explore the origins
of the behavioral relationships employed by planners. A critical review of
behavioristic assumptions, and tﬁe planning models in which they are

employed, will be undertaken in Section 4.
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In the decade or two preceding the rise of the planning school to
prominence, the discipline of economics in general was profoundly influenced

by three pioneering developments: Keynesian economics (Keynes), input-output

models (Leontief), and national income accounting {Kuznets). Each of these

had a part in providing an impetus toward a new orientation in economics

enphasizing guantitative methodology (e.g., linear programming and

econometrics) and economic dynamics (e.g., growth and development models).

To an important extent, the formation and methodology of the planming
school has been affected by all of these developments. As observed earlier,
they are reflected in the formalism of technical methodology and the
manipulation of masses of quantitative data, trademarks of the contemporary
planner. In addition, Keynesian economics, input-output economics, and
dynamic models have contributed significantly to the school by providing
many of the behavioristic assumptions employed in the plamners' models.
From Keynesian economics are drawn assumptions apropos income

disposition behavior. Most frequently, a Keynesian-type savings assumption

is employed to estimate savings genmerated by national income. The input-
ocutput tradition Is commonly relied upon: for positing production behavior
in the disaggregated model. The production function from this tradition
specifies for individual industries the real cost of production on current
account, including intermediate goods costs, Growth medels of the Harrod-
Domar type provide guidance for production behavior at the aggregate level.
The capital-capacity assumption, frequently used, relates additions to

capital stock to additional output capacity. Savings generated under the
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savings assumption often represent the major growth promotion force in
determining the level of investment, and; via the Harrod-Domar capital-
capacity assumption, the level of output.

We shall investigate the explicit form of these assumptions in
Section 4. We note here that these assumptions from diverse branches of
theoretical economics are employed by planners to construct a wide variety
of plamning models, several of which are examined in Section 4. Whatever
particular type of model is chosen, however, these assumptions are used to
implement the plamner's resource-oriented growth philosophy. Emphasis is
always placed upon the augmentation of productive capacity through investment
financed from savings resources. In short, despite the heterogeneous
intellectual heritage of the planniang school, their work focusses upon this
special aspect of central planning.

The exigencies of planning have forced planners to devise additional
behavioral assumptions. These efforts, stemming from a necessity to make
planning models operative, seldom have the force of deduective theorizing ox
even inductive support behind them. Typiecally, a behavioral assumption is
posited to formzlize a wide variety of intangible forces., Because of the
very nature of the diverse forces they encompass, the regularity and
reliability of the relationships posited by these assumptions have not been,
and perhaps cannot be, established by scientific inquiry. Unlike the
behavioral assumptions borrowed from other branches of economic theory, it is
doubtful that verification is possible for the assumptions improvised by

the planner. Once again, we see an informal component in the planner’s

methods.
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Several examples of these quasi-behavioiistic assumptions may be
given., First, we frequently find é behavioral relationship purporting to
represent “absorptive capacity,"9 a measure of the economy’s capacity to
“absorb" (i.e., execute) an investment plan of particular size or,
alternatively, a collection of projects. It is obvious that such capacity
is the product of many qualitatively different factors; for example, the
number and quality of entrepreneurs, administrative capacity of the
government, receptivity to and ability to introduce new techmnology, etc.
Second, we frequently find an export potentiality assumption positing the
future course of exports. Resort may be made to projection of past trends
as a simple proxy for describing the diversity of external conditions
affecting demand for the country®s exports as well as internal conditions
affecting their supply. Finally, we mention that frequently growth targets
are governed by explicit or implicit behavioristic assumptions. Exogenous
growth targets may be imposed on the basis of what is judged to be
politically feasible or tolerable, or else posited on the basls of any number
of other noneconomic forces. These examples are adequate to demonstrate that
behavioral assumptions, which must be supplied by the planner, are critical
to the application of planning models but are likely to be the product of

human intuition and judgment rather than scientific investigation.

gThis concept of absorptive capacity was originally used in the context of a

recipient country's capacity to absorb foreign aid.
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1.6 Summarvy: General Features of the Plaoning School

The planning schoolls approach to growth is marked by its
focus upon the problem of resource allocation. The preoccupation with
augmentation and utilization of resources as the central issue in economic
growth represents a growth philosophy leading naturally to the various aspects
of the school's work reviewved in this section.

In the highly practical strain in the plenners' work, the relevant
policy issues, though of central importance to theilr performance as
Practitioners, are specific in scope; poliey is equated with criteria to
guide resource allocation through projection of a consistent plan.

In pursuing this problem-solving orientation, planners have shown
considerable eclecticism and ingenuity in deéeloping their methodoiogy.
Their methods embrace both informal and formal tools. Their approach is
best described as an art, in which judgment continues to overshadow rigor.
Informal methods have been devised to treat a wide variety of envirommental
factors. 1In particular, informal dévices have been utilized té handle such
imponderables as absorptive capacity, foreign aid, exports, and growth
targets,

The plamers' formal methods and behavioristic assumptions have
been largely drawn from a wide variety of areas of recent interest to
economists. These more systematic components include the use of national
income accounting to organize and interpret masses of empirical data.

Planning models are either highly agsregated, suppressing all intersectoral.
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relationships, or highly disaggregated, involving only symmetrical
relationships among sectors. 1In applying models of both types, the central
issue of concern to planmers is resource balances (total, finance, trade, and
income).

In the remainder of this chapter we elaborate on twe of these
methodological issues, the national income accounting framework as a
conslstency device and the selection of behavioristic assumptions for
planmning models. In the course of this discussion a sampling of typieal
plamning models are studied from the viewpoint of their methodological
content. A brief evaluation of the strengths and weaknesses of the

planning school concludes the chapter, -
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2. LINEAR GRAPH THEORY AND NATIONAL INCOME ACCOUNTING

In Section 1 we mentioned the importance of national income
accounting in the planners' methodology: and the need to study abstractly how
to construct national income accounting systems. Vithout detailed and
abstract treatment of national income accounting principles, we cannot
fully understand the methodologiecal content of the plamning school nor can
we adequately grasp the policy issues concerned with consistency. WMoreover,
nationgl income accounting is an indispensable tool in our own later
analysis of the open, dualistic economy. The operation of this type of
economy involves intersectoral relationships which can only be neatly
portrayed by such an accounting system. Hence, we systematically develop
certain basic principles of national income aeccounting essential to our
later work as well as for understanding planning techniques.

It is apparent from the two examples given in Section 1.2 that
national income accounting systems are flow diagrams, or, in mathewmatical

language, linear graphs. In Section 2.1, we introduce certain basic

concepts of linear graphs. These concepts are interpreted (in Section 2.2}

in the more conventional form of square tables. Using these concepts, we

formally define national income accounting systems in Section 2,3,

Finally, in Section 2.4, we introduce the idea of aggregation of a national
income accounting system; i.e., producing a more macroscopic national income
accounting system from a detailed, microscopic one. We shall introduce these

technical matters at a deliberate pace, and using elementary methods. No
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mathematical background is needed to read this and the following sections

(Sections 2 and 3).

2.1 Linear Graph Concepts

The natural language to describe a gemeral national income
accounting system consists of concepts in linear graph theory. To facilitate
the later analysis we define two concepts vwhich are basic to the techniques

we develop-~the concepts of a directed linear graph and a valued linear

graph,

Definition: A directed linear graph, G, is formed of a set of vertices
(a; b, C.ee.) and a set of directed edges which are ordered
pairs of vertices (%X, y). For the directed edge (%, ¥), X
is the initial vertex and y is the terminal vertex.

Diagram %4a is a directed linear graph in which a directed edge
is represented by an arrow pointing from the initial to the terminal vertex.
The formal mathematical definition of the directed linear graph shown is
given just below the diagram, Unless otherulse noted, we will be
concerned only with directed edges in this paper. Hence, in severazl places,
we dispense with the adjective "directed."
Definition: A valued lipear graph, A, is a directed linear graph, G,

with a number written on each edge. If the number x is

written on edge {(a, b), x is referred to as the value of
the edge. The linear graph, G, is called the skeleton of A,
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Diagram 4: Linear Graphs
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Diagram 4b is 2 valued linear graph consiructed on the skeleton
shown in Diagram 4a. We readily see that the national income accounting
gystems which we have constructed in Diagrams la and 2a can be construed
as valued linear graphs, as defined above.

There are two aspects of the valued linear graph which have
significance for national income accounting systems., First, there is the
feature of a specific structural image of the economy (the skeleton) which
reveals a partieular pattexn of economic relationships emphasized for a
given type of economy. Second, there is the quantitative aspect, an
attribute associated with the values assigned to each edge of the skeleton.

The former aspect, the structural skeleton of a system, is of
primary significance for the "typology appreach" to growth theory. It is
the skeleton which describes the totality of economic relationships which
exist among the key sectors of an cconomy of a particular type. With
reference to the open dualistic economy, for example, the central features
of openness and dualism can be defined mathematically from the
characteristics of the skeleton. Basic features of other types of cconomies
should be similarly defined from the skeleton.

The second aspect, values of the edges in the skeleton, allows
us to apply the skeleton to a specific economy by assigning conecrete
numbers to each relationship. It is this aspect which brings to the skeleton
the unique numerical substance for individual cases. In combination,
therefore, the skeleton and values provide a basis for the study of the

qualitative as well as quantitative aspects of the economy. In the
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discussion in this and latex chapters, we develop techniques for both the

analysis of the skeleton and the analysis of values.

2.2 The Linear Graph and the Square Table

A valued linear graph can always be cast into the form of a

squatre table under the following rules:

Rule (1): The number of sectors in the square table (i.e., the number
of similarly indexed columns and rows) equals the number of
vertices in the linear graph. Each column and row must be
indexed by a vertex notation,

Rule (2): If the value of the edge (a, b) is x, the value of the cell
in the a-th row (i.¢., the initiating vertex) and the b-th column
(i.e., the terminating vertex) is x.

As an illustration, the square table corresponding to a valued
linear graph is shown beside the graph in Diagram 4b. It is apparent that
a2 square taeble can always be interpreted as a valued linecar graph under the
above rules. Thus, the idea of a valued linear graph and the idea of a
square table are practically the same. We apply this principle to the
valued linear graphs in Diagrams 1b and 2a by putting them in the form of
square tables (lc and 2b). These latter are the representation of the
national income accounting systems, discussed earlier, in table form. The
national income accounting system which will be used for the analysis of
the open dualistic economy in this book will be based on an extension of

the national income accounting system presented in Table I below.



Definition: A square table is a balanced table if the sum of all entries
in any row is the same as the sum of all entries in the like-
indexed column.

A valued linear graph corresponding to a balanced table is called
an Buler graph. In an Euler graph, the value of total inflows into each
vertex equals the value of total outflows. Diagram 4c shows an Euler graph
and its corresponding balanced table. It can be seen that the table is in
balance from the equality between row sums {(written at the right-hand margin
of the table) and the columm sums (written at the bottom of the table). We
shall say that a sector of a square table is in balance if the sum of all
the entries in a row equals the sum of all entries in the like-numbered
column.

The idea of a balanced table (or an Euler graph) corresponds
precisely to the idea of accounting consistency in the formulation of a
development plan. For example, the aggregate national income accounting
structure of Diagram lc is a balanced table as defined by the accounting
equations in (1.1). Similarly, the disaggregated national income
accounting system is a balanced table, as defined by the accounting
equations in (1.2). Thus, in general, the choice of a national income
accounting system amounts to the selection of a skeleton of a linear graph.

The construction of a consistent plan (i.e., a plan satisfying the vonditions

of accounting consistency) is equivalent to the construction of an Euler

graph (or a balanced table) on that skeleton,



We now state an elementary theorem to be referred to as the

"Balanced Table Theorem™:

Theorem@ + A square table with n sectors is a balanced table when n~1
sectors are in balance.

Graphically, the interpretation of this theorem is that, if a valued linear
graph has n vertices and if n~} vertices are in balance, it is an Eulex
graph, The reasonableness of the theorem is apparent from this graphic

interpretation.

As a simple proof of Theorem@ s Suppose we have a &4 x 4 square

tables

11 *12 ] R Rk

o1 ] F22 ] Fo3z | *ag

%31 | *32 ) Faz | ¥
p.4 = x lx{;l:.

41 42 43 !

.

In the case where the first three sectors are in balance, we have:

{xn +@+@+ Zyp = @-{-@4—@-{- %1 s+« (1st sector in balance)
- - = -+ - d =

@"r@-! Xog e 25y, @ r@-ﬁ + X0 soe(2nd sector in bszlance)

+(¥3, +@+ Xy, = @4@ +@ + X3 ss.(37d sector in balance)
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Adding these three equations and cancelling out the eneircled terms, we
have:

+ X

Byg T Egy Xy, Rp1 T Ep T Fyg

By adding X,, to both sides of the above equality, we immedlately see that
the 4th sector is in balance. This proves the theorem in the case where
the square table has four sectors. The proof of the theorem for the general
{n-sector) case is similar.

An economic application of the Balanced Table Theorem can now be
made., Referring to the square table in Diagram 2b which has six sectors,
we can specify that the first five sectors are in balance by definition.
The balancing of the last sector (i.e., the finance sector) then follows
as a logical necessity; i.e., S+ A= I1 + I, 13, vhich states that total
investment is financed by domestic savings {8) and foreign savings (A).
Thus we see that the financial balance follows logleally from the total

resource balance, the income disposition balance, and the foreign trade

balance,

2.3 The Linear Graph as a National Income Accounting Skeleton

We have seen that an Fuler graph may be intevpreted as tho
skeleton of a national income accounting system. This is based on the fact
that any meaningful national income accounting system can be put into the
form of a balanced table with positive entries, We now investigate what

properties a linear graph must have to serve as the skeleton of such a
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meaningful national income accounting system. For this purpose we

introduce the following definitions:

Definition: A set of edges form a path connecting "a" and "2" if they
can be written in the form (a, b) (b, ¢) (c, Ao {x, ¥)
{(y, z) where a, b, ¢...2 are distinct. A path is a circuit
if Ila“ is l!z.l!

Definition: A set of directed edges form a link between the vertices
% and y if they form a path from x to y after the direction

of some of these edges is reversed, A link is a circle
if = 18 vy.

Diagram 4d is a path with a length of five edges, and Diagram 4e
is a elrcuit of five edges. The linmear graph in Diagram 5a is a link.
(While a path is a one-way street, a link is a road in which the traffic
sign can be neglected.) Diagram 5b is a circle with five edges. When the
direction of some edges of a circle is reversed, it becomes a circuit.
While all these linear graph concepts will be used in this book, we are
immediately concerned with the following definitions:

Definition: A linear graph is a cyclic net if for every pair of vertices
X, y there is a path from x to y and a path from y to x.

Diagram 5¢ is a cyelic net, Graphically, if the vertices were
construed as cities, then a cyclic net could be interpreted as a very
reasonable road system, enabling one to reach any city from any other city.
Visual inspection of Diagrams 1b and 2a, the accounting systems for the

aggregate and disaggregated planning models, reveals that their skeletons

are cyclic nets.
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Diagram. 5: Link, Circle and Cyclic Net
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It is readily apparent that a national income aceounting system
can be put into the form of a balanced table (i.e., an Euler graph). It is
also obvious that a national income accounting system can be a positive

balanced table; i.e., with entries all positive, Later we shall see that

this requirement does not impose undue restrietions for our own analysis.
(A negative value (~x) in a cell, or on an edge (%, y), can be replaced by
a positive value (x) to form a positive balanced table.)

Heretofore, we have been using the concept "national income
accounting system'" as if it were a self-evident, well-defined concept,
while actually no formal definition has been given. However, a precise
definition is essential for our later work. For reasons indicated in the
above paragraph, we may now define a national income accounting structure
abstractly as a balanced table containing positive entries, More formally:
Definition: A national income accounting structure is a linear graph, G,

on which a strictly positive Euler graph can be defined

(i.e., strictly positive numbers can be assigned to every
edge of G to form an Euler graph).

There are certain linear graphs which cannot qualify to represent
the skeleton of a national income accounting system according to the above
definition. ¥For example, the linear graph of Diagram 4a obviously does not
qualify because of the existence of "“end edges™ (4, e) and (a, b). 1If a
balanced table were constructed, the values assigned to these end edges
must be zero; otherwise the end vertex could not be in balance, In other

woxds, strictly positive values cannot be assigned to all edges in the linear
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graph of Diagram 4a to form an Euler graph. For this reason, this linear
graph canmot represent the skeleton of a national income accounting system
according to the above definition.

The gbove discussion provides some Intuitive notion of what types
of linear graphs can qualify to represent a national income accounting
system; i.e., those without end edges. A cyeclic net has precisely this
property. For this reason, we can deduce a theorem to characterize a
legitimate national income accounting system according to the above
definition., First, we define “connected" as follows:

Definition: A linear graph is connected if for every pair of vertices
{x, y) there is a link between x and y.

All the linear graphs shown in Diagram 4 are connected linear
graphs, which simply means that the linear graph cannot be separated into
disjointed parts. With the aid of the above definition, we can now give a

characterization of a legitimate national income accounting system:

Theormm(}{): A connected linear graph is a national income accounting
structure if and only if it is a cyclic nek.

-Theoraa(?i)inplies that for analysis of national income accounting
systems with positive entries, special attention must be given to gyclic nets.
The proof of this theorem, which is required later for development of

additional concepts of graph theory, is given in a later chapter.
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2.4 Apgrepation

We have seen that planners employ aggregated and disaggregated
models, In the context of the analysis of national income accounting
systems, the notion of aggregation xefers to a type of operation which
condenses (or reduces) a disaggregated national income accounting system to
an aggregated one. The aggregated model gives a more macroscopic view of
the entire economy than the disagpregated model. Before proceeding to
an abstract definition of aggregation, we examine a simple example.

Let the linear graph, G, of Diagram 6a be given, and let the nine
vertices be classified into four subsets (as enclosed by the four squares

in the same diagram):
A= (a) B = (b,c,d} C = (e,f) D = (g;h,1)

such that each vertex belongs to one and only one of these subsets. An

aggregated linear graph, A(G), based on this vertex classification 1s a

linear graph with vertices A, B, C, D, and contains an edge (X, ¥) 1f, and
only if, there is an edge (u, v) in G such that u is in X and v is in Y.
The aggregation of the valued linear graph shown in Diagram 6a can be sesn
from the valued edges in Diagram 6b.

These rules of aggregation can be generalized to apply to any

linear graph and any valued linear graph as summarized in the following

definitions:
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Definition: Let G be a directed linear graph with vertices (a, b, ..2)
and let X4, Epeee be a classification of these vertices
(i.e., every vertex of G belongs to one and only one X;}. The
aggregated linear graph A(G) based on this classification is a
linear graph containing vertices Xj, Xj...X. and directed edges
&, XJ) if and only if there is an edge (u, v) in G such that
u is in X; and v is in X

Definition: A valued linear pgraph defined on G i1s aggregated into a
valued linear graph on A(G) if the value on the edge &, Xj )
is the sum of the values of all edges (u, v) where u is 1n
Xi and v is in }&J

The operation of aggregation can be represented in table form,

as indicated in Diagram 6a and 6b. To perform this operation, let the

vertices belonging to the same subset be listed adjacently, as in the table

in Diagram 6a. In this diagram the heavier lines mark off the cells in the
agpregated table in 6a. The sum of all entries in each cell in the
disaggregated table (Diagram 6a) is computed and recorded in the aggregated
table, as shown in Diagram 6b. It is apparent from these operations that

a balanced table is aggregated into a balanced table. This may be

summarized as the following theorem:

Theorem(Z%) : The aggregation of an Fuler graph leads to an Euler graph.

The aggregated national income accounting system shown in
Diagram lc can be obtéined from the disaggregated system shcowm in the
table of Diagram 2b by such an aggregative operation. The lines in this
table mark off 16 cells. By consolidating all entries in each cell and
omitting diagonal entries, we obtain the aggregated structure in the table

in Piagram lc.
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The economic significance of such aggregation is the simplification
of economic relationships into a limited number of aggregates which can be
subjected to intensive study. This Is essential for undexrstanding the
operation of the economy as a whole and the relationship of the parts to the

whole system.

2.5 Application

In this section we have deduced cextain abstract properties of a
national income accounting system and certain technigues for studying them.
These concepts and techniques will now be applied for the construction of
a realistic and concrete national income accounting system which will be
used throughout this book.

There are two aspects of a national income accounting system which
are lmportant to our work. In the first place, it represents a framework
for collection and processing of statistical data. It should be emphasized
in this connection that our study of the open, dualistic economy contains
a significant empirical component. The data representing our empirical
work are organized in a specific national income accounting framework. In
the second place, a national income accounting system can be used to describe
the structure of an economy, and the system we employ in this book describes

the structure of the open, dualistic economy, National income accounting

is thus an instrument for both inductive and deductive analysis. As a data
framework, a national income accounting system should have sufficient detail

for collecting all data relevant to providing adequate coverage of the
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entire economy. As an instrument to depict economic structure, it should be
selective, concentrating only upon the essential relationships in the
economic system, In the remailnder of the present section, we investigate
the national income accounting system from the first viewpoint; il.e., as.a
data framework. The use of the system as an analytical device to describe
the economy's structure will be investigated in Chapter 6, where the

structure of the open, dualistie economy, the major subject of our book,

-

i1s discussed in detail.

An example of a national incomz accounting system which meets

the requirements for a data framework is provided by the disaggregated

national income accounting system used by the planning school, shown in
Diagram 2. That system portrays economic flows among the following sectors:
a) Multiple Production Sector
(P1, Py, P3)-~to record the intersectoral production

relations on current account

b) Household Sector (H)~~to recoxrd the income disposition
activities

¢) Foreign Sector (F)--to record the import and export
activities

d) Finance Sector (Z)--to record the sources of finance
for real investiment

We see from this outline that this system combings elsments from input~cutput
economics (a), Keynesian economics (b and d), and international economics {c).
Complicated as the above national income accounting system might

seem, it is still deficient in several major aspecits for our later analysis
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of the open, dualistic economy. From Diagram 2a, we see that while the
production sector is disaggregated, houscholds are consolidated into one
sector for the entire economy (i.e., sectar{}i) Y. Consolidation of the
household sector is a common national income accounting practice for
industrially advanced countries in which, perhaps, no significant economic
insights can be gained by grouping households according to industrial
origin of their income., This is decidedly not the case, however, for a
less developed country. To study the problem of economic development for
the latter, it is vitally important to classify households (as consumption
and income decision~making units) to conform explicitly with the broad
classification made for production entries. Thus, agricultural households,
providing services for the agricultural production sector, must be
distinguished from industrial households, which provide services for the
industrial production sector. This sectoring is based on the premise that
economic behavior of the two types of households are qualitatively different
{in respect to consumption, saving, and income~earning activities) and
that this difference constitutes a significant aspect for the analysis of
dualistic economic growth.

The national income accounting system of Diagram 2a is also
deficient in that the financial sector is consolidated into one sector (EZ)
for the nation és a whole. Although the system shows ciearly the origin
(f.e., the producing sectors) of investment goods (I;, I,, I3), the
consolidation has, in fact, suppressed one vital type of information;

namely, the destination (i.e., the accumulation sector) of capital goods.
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For the study of certain crucial issues of development related to eapital
accumulation, it Is important that we know the destination as well as

the origin of investment goods. For example, investment goods are usually
produced in the industrial sector, while they are allocated to several
production sectors (e.g., industry, agriculture, and social overhead).
This pattern of allocation is itself a central development issue.

In short, the disaggregated national income accounting system
which we have introduced in Diagram 2a as adequate for "planning purposes
must be extended in two directions for our work in this book. These
extensions consist of disaggregating the household sector (to show their
industrial affiliation) and also disaggregating the finance sector {to show
the destinations of investment goods). This extension is illustrated in
the square table showm in Table I.

Let us postulate an economy with a large number of economic sectors
vhile, for illustrative purposes, we assume that there are three sectors in
the economy. Every economic sector in the realistic world may be
conceptually split into three distinct aspects (as represented by three

accounting sectors), the production aspect (shown as a, b, c¢), the income

disposition aspect (shown as d, e, f), and the savings-investment aspect

(shown as g, h, i). In an open, dualistic economy, for example, the thres
economic sectors may be-industry, agriculture, and govermment. In each of
these economic sectors, decisions must be made in respect to production,
income disposition, and savings-investment. In Table I, the iIndustrial

sector is then represented by the accounting sectors (a2, d, g); the
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TABLIE X

NATIONAL INCOME ACCOUNTING TABLE
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agricultural sector by (b, e, h); and the government sector by (¢, £, 1)--
corresponding to the three aspects of economic decisions., In addition, the
foreign sector (F) and the finance sector (Z) of Diagram 2 are retained.

In Table I, as before, the entries are made so fhat a paying sector
coxresponds to a row index and a receiving séctor corresponds to 2 colummn
index. 1In terms of the principies discussed in this chapter, moreover,
Table I is constructed as a balanced table (i.e., an Euler graph) to insure
that every sector is in balance., Since there are eleven accounting sectors,
ve can balance ten by definition. The remaining sector will then be in
balance by Theorem @ . Balancing of Table I is based on the following

four principles:

Principle (1): Balancing of the Production Sector

The first row (a) represents the demand for the total output
(X;) of the first production sector as formed of inter-industry

demand (xlj)’ consumpkion demand (clj)= investment demand (Ilj)s

and export demand (Eq).

The first column (a) represents the disposition of the monetaxry

receipts associated with the production of the total output (Xl)
into intermediate factor cost (xil), import cost of intermediate
goods (Mi), primary factor cost, which includes capital
consumption allowance (dl) and values added (vil) originating

from the various economic sectors.
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Thus, the first row and the first column are in balence by
definition. The same is true for accounting sectors (b)

and {¢).

Notice that the balancing of the production sector now specifies
that there mav be nontrivial intersectoral relations, not only in respect

to the production area (i.e., of the familiar input-output variety xlj)

but (unlike Diagram 2) alsc in respect to intersectoral consumption demand
(clj). This 1s done to provide a more réalistic data framework for studying
the open, dualistic economy. For example, in the growth process, the
agricultural sector produces not only cotton (x5,) to provide raw material
for the industrial sector but also food {321) to feed laborers im the
industrial sector, The accounting system also depicts certain details in
regard to the intersectoral allocation of investment goods. In the growth
process, the industrial sector will provide investment goods not only for

itgelf (Ill) but also for the agricultural sectox (112), ete.

Principle (2)}: ©Balarcing of the Tncome Disposition Sectox

The (d)-th row represents the sources of total income (Yi)
received by the first sector as productive (or primary factor)

income (vlj) and transfer income (t]_j)o {(Transfer income is

paid out by the household sector while productive income is

paid out by the production sector.)
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The {d)-th colum represents disposition of total income (Yl)
by the income recipients of the first sector as consumption
expenditure (c.4), transfer expenditure (t;y), savings (S1),

and expenditure on imported consumer goods CM'l).

Thus, the {(d)-th sector is in balance by definition. The

same is true for sectors (e) and (f).

Notice that in the above description some prominence is given to the
possibility of the emergence of sectoral savings from three sources; i.e.,
the two private production sectors (S1 and 82) and the government sector
(53). It is commonly believed that the sectoral origin of savings is an
essential notion for the development of a dualistic economy. Intersectoral
transfers are also important development concepts, for example, as tax

payments by the private sectors to the government sector (t31 and t32).

Principle (3): Balancing of the Saving-Investment Sector

The (g)-th column represents the total gross investment by the

first sector (I‘l), divided into expenditures on domestically

produced investment goods (Iil) and expenditures on imported

capital goods (Mil).

The (g)-th row represents the capital consumption allowances

(d;) and the net investment (I;) of the first sector.
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The (g)-th sector is in balance by the very definition of net
investment; i.e., as gross investment (I'¢) minus capital

consumption allowances (d;}. Similarly, sectors h and i are

in balance.

Principle (4): Balancing of the Foreign Sector

The (j)-th row represents total imports (M) and their
composition as intermediate goods for production (Mi)’

consumption goods (M';), and capital goods ().

The (j)-th column represents sectoral exports (E;) and

capital imports (A).

The j sector is in balance because capital inflow (A) is

defined as total imports minus total exports.

Disaggregation of both imports and exports is essential to understanding
the open, dualistic economy. It permits investigation of the changing
composition on both sides of the foreign trade accounts as an aspect of
growth.,

Ten of the eleven sectors are in balance according to these
principles. We know that the last sector (k) will also be in balance. The
balancing of this sector specifies a financial balance (Il +‘12 4+ 13 =
81 + 89 4+ 83 + A) vhich states that the total net investment expenditure

is financed by the savings of three domestic sources and capital imports.
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This national income accounting system, as a data Lframework, gives
considerable detail in its descriptioﬁ of the economy. Although we have
shovm only three economic sectors in Table I, a large number of economic
sectors can be incorporated in the system based on the four principles
just presented. The table exhibits a symmetrical system, characterized by
the simplieity and uniformity of the accounting principles applied to
preduction, income disposition, investment, foreign trade, and financial
relationships. This general system is designed for several applications in
our book. It covers all the essential economic flow data that will be used
in the later amalytical chapters. It is alsc the framework employed for
collection of data from the Philippines, Thailand, and Taiwan~-the
empirical focus in later chapters.

As we have pointed out earlier, the national income zccounting
system will also be used as a basic conceptual tool o describe the operation
of the particular type of economy under study, the open, dualistic economy.
For this purpose, the accounting system must be more selective than the
general system of Table I so that we may concentrate om a particular group
of essential economic relationships. The adjustments required for this
purpose will be discussed in detail in Chapter 6. It will suffice to
mention here that the open, dualistic economy system requires the omission
of certain entries from Table I, so that those which remain constitute the
essential entries conforming to our preconceived theoretical notion of the
operation of such an economy. The entries to be deleted from the general

system for our later speecific purpose are encircled inm Table I. We discuss
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the meaning of the deletions for the govermment sector to give a preliminary
example of this process.
In Table I, Sectors (¢}, (f), and (i) correspond to the production,

income, and investment-disposition aspects of the government sector. MNuch

of the simplification indicated by the deleted government sector entries
conforms to conventional treatment. Thus, in Column (¢}, as a producer,
the govermment may purchase intermediate factors (x5 and xp3) from the two
private production sectors {i.e., the industrial and agricultural sectors),
as well as primary factors (v43 and vy3) from the two private household
sectors. In Row (¢) the only entry remaining after deletion is cgy. The
balancing of the {¢) sector (i.e., Cg3 = Xyq + Xog ¥ vyg + v23) implies
that €33 1s the conventional valuation of government output as total factor
cost. Trom Row (f) we hypothesize that govermment revenues are mainly in

the nature of transfer income (t3;, tgy); i.e., tax payments by iIndustrial

and agricultural households. Column (£), after deletion, contains only

¢33 and S3. The balancing of the f sector (c33 *+ 84 = tg; + tzp) implies
that govermment revenue is disposed of either as expenditures on publicly
consumed goods and services (i.e., c33) or government savings (83). Finally,
all entries in Colummn (i) and Row (i) are deleted which signifies that, in
the conventional treatment of the government sector, capital accounting for
the government is omitted. 1In the formulation of the national income
accounting system for the open, dualistic economy in Chapter 6,
simplification for treatment of the govermment sector will follow these

conventions.
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3. THE METHODOLOGY FOR ACCOUNTING CONSISTENCY

3.1 Exogenous and Endogenous Varilables

In the previous section we investigated certain bésic definitions
related to the construction of legitimate national income accounting
systemS. We concluded, on the one hand, that a linear graph, used as a
skeleton, is the natural language for an abstract description of a national
income‘accounting system, On the other hand, we conceive a concrete national
income accounting system to be an Euler graph (balanced table) constructed
on the skeleton. 1In applying this distinction, we think of the skeleton
as a framework for development planning. The ultimate objective of the

planning process is a concrete one, the projection of a consistent plan,

which is an Fuler graph, or, in using the language of Section 1, a set of
values which satisfies all the accounting equations implied by the
framework.

We have seen (in Section 1.3) that once a skeleton is selécted as
a framework, the planner begins by making proiections for a part of the
planning variables (i.e., those designated as exogenous) and then proceeds
by employing the accounting equations to compute the values of the remaining
planning variables (i.e., the endogenous varlables). We raized three
technical questions in regard to this computational procedure: (1} how
many variables are there in a set of exogenous variables; (2) what types of
sets constitute exogenous or endogenous variables; and (3) how are the
values of the endogenous variables computed when the values of all

exogenous vatriables are arbitrarily preassigned?
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In Section 1 we explored the economic significance of these
central questions in planning methodology. Ve are now in a position to
answer them rigorously. The purpose of developing a generalized concept
of national income accounting systems In the previous sections was precisely
to enable us to provide general answers to these questioﬁs. We begin by
formally defining exogenous and endogenous variables, heretofore accepted
in a heuristic sense. Their very definitions presuppose the postulation
of an abstract national income accounting system, G.

Definition: A set of variables (edges) of a linear graph, G, form a
set of exogenous variables and the other edges form a set
of endogenous variables if, after arbitrary values are

assigned to all exogenous variables, unique values. can be
assigned to all endogenous variables to form an Euler graph.

To illustrate these definitions we again refer to Diagram 3. For each

case shown, the solid edges form a set of exogenous variables while the
dotted edges form 3 set of endogenous variables. Ve see that these cases
conform to the above definitions. First, the national income accounting
skeleton, G, is given, as required. WMoreover, the values of all endogenous
variables can be uniquely determined after the values of all exogenous
variables are arbitrarily preassigned, also conforming to the definition.

We now investigate the mathematical (or graphic) characteristies of sets of
variables of both types, exogenous and endogenous. The first characteristic

is the number of variables in each set.
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3.2 The Cyclomatic Number

The first question above involves the number of variables in a set
of exogenous variables. Referring to the Diagram 3 example, just cited, we
see that in every case the number of exogenous variables is four. It is
not difficult to show why this number must be four. In the skeleton for all
cases of Diagram 3, there are seven planning variables (G, I E, Y, M, §, A),
bounded by four accounting equations (one defined for each vertex). Ve
know that one accounting equation is a dependent equation and can be
deduced from the other accounting equations for an Euler graph (see
Theoram(jg)of Section 2.2). Thus, there are only three independent
accounting equatious; i.e., one less than the number of vertices. Hence,
the number of exogenous variables is four, which is the difference between
the number of variables (seven) and the number of independent accounting
equations. The above reasoning leads us divectly to posit the definition

of a gyclomatic number for any connected linear graph.

Definition: The cyclomatic number of a connected linear graph is
u=Fk=~- (V- 1) where E is the number of edges and V is
the number of vertices. )

Applying the definition to Diagram 3, we see that the skeleton is
connected and that the cyclcm;tic number is 4. This seems to confirm our
intuition that the number of variables in any set of exogenous variables
is the same as the cyclomatic number. Furthermore, the number of endogenous

variables is E - u =V -~ 1; i.,e., the number of endogenous variables is the



same as the number of independent equations (or one less than the number
of vertices). We shall rigorously investigate these assertions later..

We have emphasized the importance of determining the values of
endogenous variables once the values of exogenous variables are glven. For

this purpose we introduce the notion of the causal order of the variables

involved.

3.3 Causal Order

Assuming that a set of exogenous variables always contains u-edges
(the cyclomatic number), it is not true that any set of u-edges can be
arbitrarily chosen to form a set of exogenous variables. For example,
in Diagram 7a where u = 2, the set of edges (El, Eo) cannot be a set of
exogenous variables because the value of E, is always equal to the value of
E2 in an Euler graph. Hence, two numbers cannot be assigned to them
arbitrarily. Similarly, in Diagram 7b, Ey and E, canoot both be exogenous
variables at the same time (see below). Thus, only certain sets of u-edges,

to be called a basic edge set, can qualify as a set of exogenous variables.

We introduce the following definitions with the aid of the linear

graph concept, circle, defined earlier (see Diagram 5b):

Definition: A linear graph is circle-free if it has no cirele.
A linear graph is-a tree if it is circle-free and connected.

Diagram 8z is an example of a directed linear graph which is a

tree; i.e., it is circle~free and connected. From this example, it is not
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Diagram. 7: Edge Set Examples
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difficult to see that a tree always has an end edge; e.g., edges such as
those denoted by Ti, Té, Ti, Tﬁ. An end edge is an edge which touches a
vertex (e.g., a, b, ¢, and d in Diagram 8a) which is touched by only one

edge. Rigorously we define:
Definition: A vertex x of a directed linegar graph is an end vertex if there

is only one edge (i.e., in the form of (x, a) or (a, X))
touching it. The edge that touches an end vertex is an

end edge.
It is easy to see that a3 tree has at least one end edge. Suppose
this is not true (i.e., suppose a tree has no end edge for the sake of

argument, by reductio ad absurdum). Starting from any edge of a tree, one

can first "go in" to a vertex, x, and if x is not an end vertex, we can
go out" of the vertex x through another edge to a vertex y. Now if y is
not an end vertex, we can go out of y and reach anether vertex, z.
Repeating this argument, we can then construct a link with ever-increasing
length, going through x, y, 2z... Now if there is only a finite number

of vertices in the linear graph, a circle will sooner or later be formed,
conkradicting the fact that there is no circle in the tree. Thus, a tree
must have at least one end edge. Next, we see that when an end edge of a
tree is deleted from the tree, the remaining edges must again form a tree
(i.e., the remaining linear graphs are still connected and circle free)
and the tree retains the same cyclomatic number. These elementary facts

may be summarized ass



Lenmma la; A tree has at least one end edge.
b: If an edge of a tree is deleted, the remaining edge will again
form a tree with the same c¢cyclomatic number as the original tree.

Notiece that in Lemma 1b, the shorter tree remaining after deleting omne end
edge obvicusly has the same cyclomatic number as the original tree since
both the number of edges and the number of vertices are reduced by one.

In Dlagram 8a, b, ¢, d, we illustrate the repeated application
of the above lemma in four steps. In each step, all the end edges are first
identified and then deleted to form a new tree. In Diagram 8a, the end
vertices and end edges are, respectively, a, b, ¢, d, and Ti, T%, Ti, Té.
When these are removed, we have the tree shown in Diagram 8b. The end
vertices and end edges of this tree are, respectively, e, £, g, and Ti,
T%, Tg, which, when removed, leave the tree shown in Diagram 8c¢c. This
process can be repeated until finally only one edge (or one vertex) is left.

Symbolically, the end edges removed successively may be assigned

a causal order, as follows:

.1 .1

Causal Order 1: Tos Tps T Té {end edges removed in first step)

Causal Order 2: Ti, T%, Té {end edges removed in second step)

Causal Order-3; Tﬁ, Tg (end edges removed in third step)

4
Causal Order 4: Tj {end edge removed in fourth step)

When any tree is given, a causal order can be assigned to every

edge in this way. Notice from the above deletion process that as the end
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edges are successively deleted, the number of remaining edges gradually
decreases. The process will'séoner or later come to a halt wvhen f£inally

one single vertex is left. Wow for a linear graph containing a single

vertex, the cyclomatic number is obviocusly zero (L.e., u=E - (V- 1) =
0 - (L ~1) =0). Since the cyclomatic number is not affected when an end
edge is deleted, we see that the cyclomatic number of any tree is zero.

This may be summarized as:

Lemma 2: The Cyclomatic Number of a tree is zevo,

This lemma can be verified for 21l the trees in Diagram 8a, b, ¢,

d; i.e.. the cyclomatic number of all these trees is zero.

3.4 Basic Bdsge Set

A connected linear graph which is not a tree will contain some
sub-graphs which are trees. The following definition emphasizes this

phenomenon.

Definition: A subset of edges, T, of a linear graph, G, is a maximum
tree if T is a tree which touches every vertex of G. The
edges of G not in T form g basic edge set.

In Diagram 8a' in the lower deck, the sclid edges form a maximum
tree (in fact, the same tree shown in Diagram 8a, in the upper deck, for
which a causal order analysis has been made above). All vertices, a to Lk,
are touched by edges in this tree. The remaining edges (dotted), therefore,

by definition form a basic edge set. We observe that the eyclomatic number
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of this linear graph, u = 8, is equal to the number of edges in the basic

edge set (l.e., the dotted edges). This is an example of the following

theorem:;

Theoren1{2£> : If a connected linear graph, G, has V vertices and a
cyclomatic number u, every maximum txee of G has V-1
edges and, hence, every basic edge set has u edges.

To prove this theorem, let T be 2 maximum tree and let B be the set
of edges (Ey, Ey.ve.E.) of a linear graph, G, not in T. (We want to show
that ¥ = u.) From Lemma 2 we know that the cyclomatic number of T is zero.
Ve may successively add the edges Ej, Eg....E. to T until the linear graph
becomes G. Notice that when an edge is added in this way, the cyclomatic
number increases by one because the number of edges increases by one while
the number of vertices remains unchanged (because T is assumed to touch

all vertices)., This proves r = u.

3.5 Accounting Consistency: General Solutions

We have now developed sufficient linear graph concepts to provide
satisfactory general answers to all three aspects of the problem of
accounting consistency in plaunning (see Section 3.1). We again assume
that a linear graph, G, is given as the skeleton of a national income

accounting system. The following theorem can be stated:
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Theoreux(::> : Let a connected linear graph C be given. A set of edges of
G form a set of exXogenous variables if, and only if, they
form a basic edge set {i.e., if and only if the endogenous
variables form a maximum tree of G).

The validity of this theorem can be seen from the examples in
Diagram 3. 1In each case we see that the endogenous variables (dotted edges)
form a maximum tree. By assigning arbitrary values to all exogenous
variables, we can uniquely determine the values of the endogenous variables.
Togethex with Theoren1(§€> we see that every set of exogenous variables must
have exactly u~variables (u being the c¢cyclomatic number) and every set of
endogencus variables must have (é « 1) variables (V being the number of
vertices),

We discuss the sufficient condition of this theorem by using an
example, the principles of which can be easily generalized. The necessary
condition is proved in the mathematical appendix.

The dotted edges inm Diagram 8a' are a set of basic edges, i.e.,
the exogenous variables., Let values be assigned to these variables as
indicated by the encircled numbers. We now seek to determine the values
of the endogenous variables (the solid edges which form a maximum tree),
according to the causal order shown in Diagram 8a, b, ¢, d.

We begin with edge Ti in Causal Order 1, Ti

is the only
endogenous variable touching the end vertex "a." By requiring that
vertex "a" be in balance, the value of Ti is uniquely determined as
«2(= 3 ~ 53). 1In this way, the values of all edges in Causal Order 1
(T:, T%, Ti, Té) can be determined, as indicated at the bottom of

Diagram 8a'.
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We then proceed to Causal Order 2 (shown in Diagram 8b). All
endogenous variables in this causal order (Ti, T%, Té) are determined by the
same principle; i.e., of all the endogenous variables of Causal Order 2 or
higher, each Ti is the only endogenous variable touching the i-th end
vertex. Proceeding through each causal order in this way, we can determine
uniquely the values of all endogenous variables in r steps, where r is the
maximum causal order. We can be certain that an Buler graph is formed
since the endogenous variables form a maximum tree and, hence, gvery vertex
is in balance. Hence, the sufficient condition of Theormm(zi) is proved.

In Section 1 we posed the problem of accounting consistency as a
fundamental issue in planning méthodology. To formulate the problem in
general terms and to provide satisfactory analysis of this issue, we
undertook development of the requisite techniques in Sections 2 and 3.

Our particular focus is still addressed to the three questions
raised (in Section 1.3) in regazrd to accounting consistency:

1, How many variables are there in a set of exogenous variables?

2. vhat types of sets form sets of endogenous or exogenous
variables?

3. Given pre-assigned values for exogenous variables, how can
the values of endogenous variables be uniquely determined?

The answer to the first question is that every set of exogenous
variables equals u, where u is the cyclomatic number, The answer to
the second question is that a set of endogenous variables must form a
meximum tree or, equivalently, a set of exogenous variables must form a

basic edge set. 1t is now apparent that only certain
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types of sets qualify to represent a set of exogenous or endogenous
varigbles. Referring to Diagram 7a, we now see that the set of (El, Ez)
edges (though equal to the cyclomatic number) is not a set of exogenous
variables because the other edges do not form a maximum tree, Similarly
in Diagram 7b, the two edges (El, EZ) cannot belong to any set of
exogenous variables since the remaining variables would be discomnected.
Finally, we have seen that, given pre-assigned values for exogenous
variables, unique values of endogenous variables are logically determined
according to a particular causal order emexging from the successive
removal of end edges from the maximum tree representing the set of
endogenous variables. This answers the third question,

In Section 2 we gave an ab;tract formulatioh of national income
accounting systems, That formulation provided the background for a gereral
solution, in this present section, to the problem of accounting consistency
for planning. The analysis in this and the previous sections (2 and 3)
will be useful in evaluating the work of the planning schecol in the next
section. We will also find the principles developed to be indispensable
for some parts of our later analysils in this study. We return to applications
of these principles in our own work in Chapter 6.

We are now ready to return to the main theme of this chapter,
the evaluation of the planning school's methodology from the viewpoint of
growth theory. Having discussed the first pillar in the planner's

framework, the requitrement of accounting consistency, we shift our
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attention in the next section from accounting relationships to behavioral
relationships. The use of behavioristic assumptions is the second basic
ingredient in planning methodology, and investigation of the nature and

operational significance of these assumptions is essential to our evaluation.
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4. PLANNING MODELS

4.1 Typeg of Planning Models

In Section 1 we made a preliminary and general survey of the
planning school, emphasizing major features of this approach, including
its resource-oriented growth philosophy, the formalism and judgment aspects
of its methodology, its data consciousness, and its policy sensitivity.
In Sections 2 and 3 we concentrated upon two important conceptual tools,
the national income accounting system and accounting consistency. We are
now ready to discuss the more formal part of plamning methodology as

reflected in actual planning models. In this present section, we review

various types of planming models, introducing several classification
criteria. In this review, particular stress is placed upon behavioristic
assumptions which play a crucial role in many of the planners' models.
Classification is needed because of the proliferation of planning
models in the recent past, as well as to provide a system for discussing
"sample models™ of each important class. We do not attempt an exhaustive
coverage. QOur review is selective in nature, and it is designed to
illustrate the various ways by which planners have attempted to apply their
resource-oriented growth philosophy in planning for the economy as a whole,
We begin with the distinection, introduced in Section 1, between

appregate models and disaggrepgated models. This distinction is based on

the national income accounting structure of models, as shown in Diagrams 1

and 2. We have seen that the disaggregated, or n-sector, model is
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appropriate for investigating the resource consistency problem at the
interindustry level. TFor this disaggregated type of model, we adopt a
further distinction between those which are descriptive and those which

are prescriptive in nature. The descriptive n~sector model, a direct

descendant from input-outpui economics, is concexned with the consistency

of resource allocation when f£inal demands are specified. The prescriptive

n=sector model, by contrast, is an optimizing modei in which the objective

of economic welfare receives explicit formulation. We present a descriptive
n-sector model in Section 4.2 and a prescriptive n-sector model in
Section 4.6,

Aggregate planning models are based upon an aggregative national
income accounting framework such as the one shown in Diagram 1, Since that
framewoxk postulates foreign planning variables--imports (M), exports (E),
and foreign aid (A)-w-as well as domestic planning variables--national
income (X), savings (S), investment (I), and congumption {(C)-~-it may be
considered as a model of an open economy. To use this model for planning,
a set of behavioristic assumptions is needed. We have briefly discussed
in Section 1.6 the intellectual origins of typical assumptions used by
plannexrs. These will be formally presented in Section 4.3. We distinguish
two types of aggregate planning models which have been built with the aid

of these assumptions: formal planning models and strategy models. Ideally,

strategy models should precede the use of formal plamning models.
Strategy models are designed to identify, in a relatively informal way,

major development bottlenecks confronting a particular economy. The
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development strategy thus formulated may then be used in the choice of the
appropriate formal planning model for actual planning operations,

Implicit in this approach, combining strategy and formal plamning
models, is the notion that particular planning models are appropriate to
certain types of economies, the latter revealed by the strategy model's
identification of the economy's bottleneck configuration. In this way, a
typology approach to development plamning is envisaged. We discuss this
very special planning approach to typology in Section 4.4 while strategy
models are reviewed in Section 4.5.

We find it useful to classify planmning models In yet ancther way,

based on the formality given to the treatment of "time." A dynamic model

is one in which the time dimension is non~trivial and formally recognized.
In contrast, when the time dimension is treated informally, the planning

model is considered to be a proiection model used for projective planning.

This distinction between dynamic and projective can be applied to all
planning models. For example, the descriptive type of disaggregated model
presented below in Section 4.2 is a projective model while the disaggregated
optimizing model discussed in Section 4.6 is a dynamic one. Among
aggregated models the formal planning models reviewed in Section 4.4 are
dynamic, while the strategy model in Section 4.5 is projectivae because of

its more informal nature,
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4,2 Disaggregated Models

The first important class of planning models to be considered
is the disaggregated type which has grown out of the input-output tradition.
Their model structure is deseribed by the national income accounting system
of Diagram 2, vhich cleaxrly shows that the analytlcal emphasis 1s on the
interindustry relationships among a large number of relatively small
production sectors, As adopted by the planners, the model is mainly
enployed as a framework for consistent planning of resource allocation
among production sectors of the economy.

Vle gonsider a typical plamming problem of this kind. Let a future
year be designated as a target year, for example, the last year of a five-
year planning horizon. A consistent projection is to be made for this
target year for all planning variables contained within the framework of

Diagram 2. We distinguish the demand for net output of the production

sector from the other variables of the system, as is common in the input-

output approach. ‘The caugal order of planning then proceeds by the

following steps:

Step 1: The demand for net output--investment (I, I,, I3),
consumption (Cy, Cy, C3), and exports (Ey, Ey, Eg)=-

is planned independently, usually by a projection device,

Step 2: The other variables are plammed by using the accounting and

production assumptions of the input-output model.
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To illustrate the applicability of the techniques developed in Section 3

to this planning problem, we observe from Diagram 2a that the five
variables, Vis Vs Vs, A, and § (i.e., the value added of the three
productcion sectors, foreign aid, and domestic savings}, form a maximum txee,

This is true since the six vertices, @, , @, @, @, and@,

are connected by thege variables, and there is no circle involved, The set

of remaining variables is then a set of exogenous variables,

We know from our previous discussion that if we can determine
the values of the exogenous varlables, we can determine the values of all
the remaining (endogenous) variables. Let us classify the exogenous

variables into two types:

Step 1: Final demand: consumption (Ci), investment (I;), and

" export (Ei) (totalling nine variables).

Step 2: Interindustry flows (Xij) and imports (M;)

{totalling twelve wvariablesg).

then the values of these 21 exogenous variables are estimated (projected)
for the target year, the values of the endogenous variables (Vl, Vos Voo
A, and S) can be routinely calculated for that target year.

In the first step, the three components of final demand axe
projected for the target year. Export demand (Ei) is obtained by a simple
extrapolation of the past trend as representing the estimated export

potential, To project consumption (Ci) we may, for example, first calculate
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the value of aggregate income (i.e., national income) for the target year,

by imposing a politically determined growth target for the intervening
years. The individual consumption -components (Ci) can then be determined
under the assumption, for example, that the present consumption coefficients
will also prevail in the target year. Projection of investment (3;) may
also be done by a simple extrapolation from the past tyend interpreted as
representing the growth of "absorptive capacity.” Note that in each of
these projection devices there is a large amount of judgment and even,
perhaps, expediency. This exemplifies the poiﬁt we made in Section 1.4

that a heavy judgment ingredient is always found in the planning school's
practical work. The second step is estimation of the interindustry flows
(xij) and iwmport demand (R%) for the target year. Estimation of these
twelve variables is based on the production assumptions highlighted in the
input-output tradition. With the concept of total output (Xl, XZ’ X3)
defined as in equation (3a),10 demand for intermediate factors of production

and demand for imports are based on simple proportionality assumptions:

“od.a) 3y T apXy o, xpp TapXy . X3 = ey
¥g1 T 83y s Kgp T 8y0%y 5 X3 T a5%5

%31 T azXy s X3z T ag¥y s X S oaggky

b)Y M SmXy , M =mXy; , Mg =mgXg

10Notice that the introduction of X,, XZ’ X,, and the accounting assumptions

in equation (3a) add an equal num%er of variables and accounting equations
and, hence, will not affect our previous reasoning.
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These production behavior ass;mptions are taken directly from the input-
output tradition. Both input coefficients (aij) and import coefficients
(m;) simply state that the essential characteristic of production is that
any particular input is always proportional to total ouiput (Xi)'

These 12 production behavior assumptionsg are used to determine the
12 interindustry flows (xij) and imports (M;). Specifically, these
assumptions and the projected values of final demand (ii, Ei, and ﬁi) are
substituted in equation (3a) to obtain the following system of three linear

equations in three unknowns, Xis X9 Xg12

("331}{1) - 332}{2 + (1 - 333)X3 = I3 + 63 + ES

When the values of total output, X XZ’ X3, are determined by
solving this system of equations, the values of the interindustry flows
(xij) and imports (Mi) are then determined by the proportionality
assumptions of equation 4.1. 1In this way all the 21 exogenous variables
are determined. The values of the five endogenous variables (foreign aid, A,
domestic savings, S, and the three components of value added, Vis Vo, V3)
are determined residually.

The input-output model just described may be regarded as the basic

disaggregated model for development planning. There are many possible
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ways to refine and extend the basic model structure, and some of these
adaptations are discussed in Section 4.6.11 The basic model presented
suffices, however, to illustrate the essential characteristics of this type
of planning approach, which we now summarize briefly.

Input-output analysis, as a branch of economic¢ theory, is a general
equilibriuvm approach, characterized by nuﬁerical strength and its emphasis
on interindustry production relationships. Compared to other general
equilibrium models (e.g., the Neo-Classical model, a 1la Hicks, or the more
recent activity analysis variety),12 the specilal feature of input-output
models is that they can be implemented statistically with empirical data.
In fact, their very emphasis on interindustry relationships requires
extensive empirical work involving masses of statistical data. This
numerical strength is achieved, however, at a price. Important aspects

cf the general equilibrium system~-notably the consumption aspect and the

income distribution aspeci--canmot be adequately handled., The numerical

strength of the input-ocutput approach smd its disadvantages are alsco
apparent when this type of model is adopted for planning purposes.
Given the special numerical strengih of input-output models, it is

easy to understand their popularity among planners. Such models provide

11For an example of an imaginative application of this approach, see Michael
Bruno, Interdependence, Resource Use and Structural Change in Israel, Bank
of Israel Research Department, Special Studies Wo. 2 (Jerusalem:
Jerusalem Post Press, 1962).

2
i See, for example, J. R. Hicks, Value and Capital (Oxford: Clarendon Press,

1946) and Gerard Debreu, Theory of Value (New York: John Wiley and Sons,
Inc., 1959).
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numerical answers to the planners' central problem of resource consistency,

though only at the interindustry level (and only on this particular problem),
This feature conforms to two biases of the planning school, their penchant
for policy results in numerical terms and their philosophy that production
(rather than consumption or income distribution) lies at the heart of
economic development, Thus, as ipherited by planners, the special
characteristic of the input-ocutput approach is its emphasis on resource

calculation supported by a massive empirical effort to generate data.

4.3 Behavioral Hypotheses in Aggregate Models

Aggregate planning models are distinguished from the disaggregated
type by the underlying assumption that there is only one aggregate production
gector. Thus, in contrast to disaggregated models, aggregate models
postulate no differentiation of production conditions within the production
sector. The national income accounting structure of the most important
aggregate planning model is shown in Diagram la. The skeleton of this model
in Diagram 1b shows seven planning variables (I, C, E, ¥, M, 5§, A)
connacted by four accounting equations (i.e., the four vertices). The
model's cyclomatic number is u =7 - (4 - 1) = 4, Hence, every possible
set of exogenous variables contains four variabies and every sef of
endogenous variables (i.e., every maximum tree) has three variables

(v«1=4-+1=3), These basic technical properties of this model should

be kept in mind,
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In Section 1.6 we discussed the behavioristic assumptiomns for
aggregate planning models in general terms. We now examine these assumptions
more Systematically. Behavioristice assumptions commonly used by planners
in connection with the aggregate model described in the above paragraph
may be classified into five types. These five types represent ''behavior
in respect to income disposition, production, investment, political factors,
and economic geography.

Using the notationfzx to denote the "rate of growth of the time

variable x" (i.e.,??x = (dxfdt)/x }, we list these as:

4.3 INCOME DISPOSITION BEHAVIOR

L]

a) Savings function: S = g' +-8Y (s is the marginal saving
ratio)

PRODUCTION BEHAVIOR

b) Capital requirements: K=k'+ kY (kis the marginal capital-

output ratio)

c) Import requirements: M=m'+o¥Y (mis the marginal import
coefficient)
INVESTMENT BEHAVIOR
. - it noo.
d) Absorptive capacity: I=Ie " or '(I = 4
(i is the constant learning
rate)
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POLITICAL BEBAVIOR

e) Target growth rate: Y= Ybth or7?Y =v

(v is the constant target growth
rate for GNP)

£f) Growth rate of aid: A

U

at _
Aoe orf?A = 3

(a is the constant growth rate
of foreign aid)

ECONOMIC GEOGRATHY

t
|

] g LUt =
g) Export growth rate: E e or7?E u

{u is the constant export growth
rate)

h) Population growth rate: L = Loert or7?L =r
(r is the constant population
growth rate)
In an earlier section we observed that several of the planners’
behavioristic assumptions originate from related branches of economics,
while others have been devised by planners themselves. The first assumption

(a), the savings function, inherited from the Keynesian tradition, describes

the availability of savings from income. The second assumption (b), capital

productivity, is inherited from the Harrod-Domar type growth model and is

i

often used in conjunction with (a) to formulate dynamic planning models.

(See Section 4.4,) The third assumption (c), the import function, is

inherited from the input-output tradition discussed in the previous section.

The fourth assumption (d}, absorptive capacity {i.e., the assumption that

capacity to plan and execute investment projects iIs growing at a constant
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rate) is more or less an invention of the planning schoel. The last four
assumptions (e, £, g, h) are proxies for behavioristic assumptions, the
realism and stability of which are taken for granted, with little or no
inductive or theovetical support. Constant growth rates for these proxy
variables are often postulated as a matter of expediency, in the absence of
definitely contradictory evidence. The political behavior assumptions
roughly summarize certain internal (e) and external (f) political forces
affecting, respectively, the acceptability of the growth target and the
availability of aid. The economic geography assumptions {g and h,
respectively) summarize a wide variety of forces which determine the
population growth rate and the economy's export potential.

It is apparent from the list of equations (4.3) that a large
number of distinct planning models can be constructed from our example of the
aggregate model structure (Diagram l). Bearing in mind that only four (the
cyclomatic number) behavioristic assumptions are needed to determine the
system completely, the listing obviously allows many possibilities for
particular models. 1In fact, planning models constructed by altering the
behavioristic assumptions used may be interpreted as the planners® own
brand of typology for development planning. Implicit in this procedure is
the belief that there are many growth types, each requiring a specific set
of behavioristic assumptions. We investigate growth models based on this
notion of typology in the next section.

In the context of the aggregate planning model, the planners' data

orientation takes the form of estimating the parameters of these behavioristie
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equations (s, m, k, 1, v, a, u, ¥) to determine thelr numerical wvalue,

Frequently, estimation is based on c¢ross-section data (i.e., data from many
less developed countries at a point im time), based on the assumption that
the same behavioristic hypothesis is valid for all countries. Although the
mumber of economic varisbles in the aggregate model is small, compared to
those in the disaggregated model, this emphasis on parameter estimation and
the cross-section procedure employed gives the aggregate model approach a
mass data focus, also obsexved for disaggregated models.

A further observation applies to behavioristic assumptions for both
aggregate models (listed in equations 4.3) and disaggregated models, given
in equation 4.1. Behavioristic relationships for both are of the simple

iinear type (i.e., showing proportionality of incremental values). This

simplicity is not accidental. Rather, it stems from the plamners'

insistence that behavioristic assumptions must be readily statistically

implementable. This insistence, we believe, stems from the plamners®

overriding preoccupation with numerical poliey results.

This penchant for ready numerical results frequently leads to naive
methods for estimating the parameters involved in behavioristic assumptions.
A Vdirect" approach to estimating each parameter, exemplified in the use of
cross-section data, is customarily used. Such a direct approach naively

ignores the statistical problem of identification. More precisely, this

means that the behavioristic assumptions are assumed to be vzlid individually

rather than valid within the context of a particular planning model structure,
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The diffieult problem of statistical identification, which arises when
several behavioristic relationships are implicitly assumed to occur
simultaneously in a model context, is seldom faced Squarely.13

The various behavioristic assumptions reviewed im this section are
the most important building blocks used by plamners for comstructing planning
models, In accepting the validity of the behavioristic assumptions

individually, the planners have boxrowed or inherited what may be called

"mechanisms' (and only these "mechanisms') from diversified areas of the
economies discipline. For example, the savings function (4.3.2) was
invented by Keynes and was intended to be used, together with other
theoretical ingredients in Keynesian economics, for the purpose of studying
a distinct social problem, the problem of unemployment in industrially~
mature economies., In borrowing the Keynesian savings function, plamners,
however, have taken over only the explicit mechanism of the savings function
while rejecting the context of Keynesian economics. The other theoretical
ingredients and the sense of unemployment as the dominant social problem
are considered irrelevent for plamming. In 2 similar way, all the
planners' behavioristic assumptions taken from other branches of economics
are treated as individual mechanisms and removed from their original context.
Thus, the heterogeneous intellectual origin of the planning school is a
matter of its selective borrowing of these unrelated mechanisms.

As employed by planners, these mechanisms assume a position of

dominant importance. They are accepted as immutable and appropriate to all

lﬂwe return to discussion of this problem in Section 4.5.
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contemporary less developed countries. Less developed countries may differ,
for example, in respect to cultural background and geographic characteristics,
or they may represent different types of economies (large, small, open,
closed, dualistic, monomorphic), or they may be at different stages of
long-run development, as emphasized by the historical school. To planners,

however, these differences are irrelevant to the validity of behavioristic

mechanisms., The immutability and universality of these mechanisms must be
assumed to enable the planner to use cross-section data covering all
countries. The only relevant consideration is the availability of data

to estimate the needed numerical values of the parameters in the
behavioristic assumptions. In accepting behavioristic assumptions as
fundamental mechanisms, the planning school is seen to embrace a

mechanistic philosophy of economic growth, Growth is interpreted in terms of
particular sets of these mechanisms. The operational implications are cleam.
Planning for growth consists of skillful manipulation of these mechanical

relationships, giving their policy work a distinctly technocratic flavor.

The combination of a mechanistic growth philosophy and a technocratic
operationzl orientation is an outgrowth of the approach just described.
This approach is based upon eclectic use of mechanisms from heterogeneous
intellectual origins, an insistence on estimation procedures vwhich produce
numbers for these mechanisms and the related assumption of their universal
validity. This mechanistic straiun distinguishes the planning school's

approach to development, marking it as both anti-historical and
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anti-typological in nature. In discussing the planners' interest in

planning typology in the next section, therefore, we stress that the
planners' particular brand of typology conforms to their mechanistic view

of economic growth,

4.4 Planning Typology

We have seen in our review of the historical school that
contemporary development economists increasingly recognize economic growth
not as a unique experience but rvather as a phenomenon comprising many
different types. In this evolving typology approach, each growth type is
considered to be subject to unique growth promotion forces and characterized
by particular rules of growth. Planners have been influenced by this concern
with typology, and thelr special application of the typology concept will
be briefly examined in this section.

Disaggregated planning models, discussed in Section 4.2, are
inappropriate for a typology approach to planning. In view of the large
number of production sectors involved, these models become unwieldly umless
intersectoral relationships portrayed are regular and symmetrical. This is
clearly apparent in the input-output model, in which the production
structure of an industry camnot be structurally distinguishad from any other
sector in the model. Growth typology, however, rests upon identifwing

asymmetrical relationships between a small number of large economic
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.~s‘»ectors..l"+ Hence, planning typolegy has been used exclusively in
connection with aggregate planning models, in which the number of sectors
is small.

To study planning typology, therefore, we accept the aggregate
national income accounting framework of Diagram la. Imn addition, a number
of behavioristic assumptions must be selected from a list of alternatives
such as that given i.n' equations (4.3) in the previous section. This
selectivity permits the construction of a large number of models to depict
various growth types. We illustrate scme alternative growth types by
presenting several planning models which have been actually put to use by
planners:

(1) The Harrod-Domar growth model
(ii) The gkill~limit growth model
(iii) The saving-limit growth model

(iv) The trade-limit growth model

The familiar Harrod-Domar model, originally constructed to study
the problem of the stability of growth in industyrially mature economies,
has been borrowed by planners and has had profound effects upon their works.

The other three models have been developed by representatives of the planning

1
school. 3

léSee our discussion of growth types (epochs) in Chapter 2 where the
historical approach to growth is shown to involve such sectoring for
typology.

153ee, for example, the use of all three "limit models" in Hollis B. Chenery
and Alan M. Strout, "Foreign Assistance and Economic Development,"
American Fconomic Review, Vol. LVI, No. &, Part I (September 1966},

. pp. 679-733.
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To facilitate our discussion of these models, we Indicate their
structure in the four rows, a, b, ¢, d, of Diagram 9. In each row, a
particular model structure consists of a selected set of behavioristic
assumptions selected from equations (4.3) and the skeleton of the
aggregate national income accounting framework (Diagram 1b), common to all
of these aggregate models. For each model shown in Diagram 9, the solid
edges form a basic edge set, representing exogemous variables, and the
dotted edges (forming a maximumm tree) represent a set of endogenocus
‘variables. This classification immediately gives us a preliminary idea of

the causal order employed by these types of planning models. We proceed to

identify the growth promotion forces and to deseribe briefly the rules of
growth for each model. We then discuss the methodological issues involved
in application of these models for plamning and the implications for the

planners® view of typology.

Harrod-Domar Model

The familiar Harrod-Domar model is a growth model for the c¢losed
economy. {(Thus, imports, exports, and foreign aid are all set to be zero
in Diagram %a.) The two most essential assumptions of this model are given
by the following pair of equations which are commonly used in combination

to describe a stock-flow relationship:

4.,4.2) dR/dt =T

b) K =ky
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Diagram 9©: Examples: Planning School Growth Typology

Major growth
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The first equation (4a) is a dynamle accounting equation stating that

investment (I) constitutes {(i.e., is equal in magnitude to) the increment

of capital stock (X} between two adjacent time points. Thus, the size of

capital stock at any point in time-is the sum of the accumulated value of
investment. TFor this reason, we can deduce quantitatively the time path of
investment and the time path of capital stock from each other. The second
equation (4b) states that capital stock (K) and capacity output (Y) are
proportional, the proportionality factor being the capital output ratio (k).

This pair of equations mean that the time path of output (¥) and the time

path of ipvestment (I) mutually determine each other. It is for this

reason that the two edges, Y and I, are selected as the exogenous variables
in the skeleton shown in Diagram %a.

The impact of the Harrod-Domar model on the thinking of the planuning
school is apparent from the fact that this pair of equations (4.4) is
postulated for all four models in Diagram 9. (To emphasize this point, the
pair of equations from (4.4) is marked off by a "box" in all four cases.)
This reveals the planners' strong conviction that capital accumulation is a
.dominant growth promotion force, for in all four models the size of capital
stock alone determines capacity output. Because the time path I(t) and Y{t}

mutually imply each other, we can distinguish two types of plamning models,

representing different approaches:

Type l: Needed Investment Approach: When Y(t) causally determines the

needed investment stream, I(t), to build up the required capital

stock.
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Type 2: Implied Capacity Approach: When I(t) causally determines capacity

output, Y(t), implied by the capital capacity built up by I(t).

The significance of this distinetion will be emphasized in our discussion
of the other models in Diagram 9.

The second conspicuous aspect of the Harrod-Domar model is the
postulation of a savings function (S = sY) of the Keynesian type and the

implied savings-pushed characteristic of growth. Under this assumption,

capacity output (Y), at each point in time, determines the amount of
savings (S) which, for the closed model, equals investment (I). Hence, the
size of the capital stock in the next period will be determined. This, in
turn, determines the capacity output in the next period and in this way

the growth path is dynamically determined. Thus, the pushing force exercised

by saving is the crucial and, in fact, the only growth promotion force, It
is apparent that this model implies that the economy possesses adequate
entrepreneurial capacity to execute all of the investment projects needed
to absorb the full capacity savings. It was recognized, however, that this
may noi be the case in a less developed country and that the ability to
invest (i.e., absorptive capacity) rather than savings may be the crucial
bottleneck. Hence, the skill-limit model was evolved by planners as an

investment-pull growth type (in contrast to the Harrod-Domar savings-push

type).

- 93 -



The Skill-Limit Model

The skill-limit model recognizes that entrepreneurial capacities
to undertake investment projects may be the bottleneck factor, and that
overcoming this bottleneck through acquisition of skills by learning is a
time-conguming process. Accordingly, this model assumes that investment, I,
(construed as a proxy variable to measure investment ability) is growing
at a constant rate, i, constrained as it is by limitations on learning

capacity. The model, therefore, repregents an implied capacity approach

since the national income stream, Y(t), is causally determined by
investment, I(t) (through the stock-flow relationship in equation &.4).

A second bchavioristic assumption in this model is the Keynesian
savings function (S = sY}, which in the next step causally determines the
amount of savings through time, S(t). However, the savings functlon has an
entirely different growth significance here than in the Harrod-Domar model--
a point which might be easily missed by the casual reader, In the presemt
case, the savings function has no growth significance at alll It is

postulated to enable the planner to calculate the needed foreign aid stream,

A(t), as the difference between investment and savings; i.e.,
A(t) = 1(t) - 8(t). Thus, the ultimate objective of this model is to

estimate needed forelgn aid, calculated as an luvestment-saving gap in an

open economy.
Two subcases (b1 and b, in Diagram 9) are shown for the skill-

limit (or investment ability-pull) model., In the first {bl), the import
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funetion (M = mY) is chosen as the next behavioristic assumption to
detexmine the value of imports. This gives four pre-determined variables
(T, Y, 5, M), forming a basic edge set, and the model is dynamically closed.
In this subcase, the endogenous variables, determined residually, are
needed foreign aid, A, exports, E, and consumption, C. In the second (bz),
the time path of exports, E(t), is determined by projection. This closes
the model as the four variables (¥, Y, S, E) form a basic edge set, and the
three endogenous variables {4, E, C) are determined residuaily.

These two subcases represent another aspect of an economy's
openness; i.e,, that aspect associated with trade rather than aid. The
first sub-model assumes that the country has some capacity for export
promotion; i.e., that it is capable of exporting the volume of goods
implied by the endogenous variable, E. The second sub-model assumes some
degree of import substitution capacity to emable the country to live with
the volume of imports, determined as an endogenous variable., In both cases,
however, the investment pull is the basic growth-promotion force, while a
finer distinction is made between a country's relative strength to promote

exporis or to engage in import substitution.

The Saving-Limit Model

The saving-limit model shown in Diagram 9c¢ gives some prominence
to political and imstitutional forces in less developed countries by

permitting specification of planned targets, usuwally in terms of target raies

of growth of national income GQY = v¥). Since a target growth path of
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national income, ¥Y(t), is implied, we may think of this as a growth target

model. It also implies a needed investment approach; i.e., the investment
stream is determined by the stock-flow relationship in equation (4.4).
Employing the Keynesian savings function (5§ = sY), needed foreign aid is
then determined as in the skill-limit model. Two subcases are also shown
for the saving-limit model, depending upon whether an import function
{Diagram 9c1) ot an export projection (Diagram 902) is used to close the
model. Both operate similarly to the two subcases discussed for the
skill«limit model.

The skill-limit model and the saving-limit model differ from each
other only by reversing the causal oxder of determination between Y(t) and
I(t). As a result of this difference, the first is characterized by an
investment-pull growth promotion force, while in the latter the politically-
determined target is the growth promotion force.16 (In terms of our
distinction apropos the Harrod-Domar model, the skill-limit model is an
implied capacity approach and the saving-limit model, a needed investment
approach.) They are similar in that both determine foreign aid as a
saving-investment gap and both rely upon either the presence of export
promotion or import substitution capacity. In other words, there is an
underlying assumption that the country already possesses the ability to deal
with balance of payments problems (should they arise) either through

increasing exports ox decreasing imports. If, however, neither of these

16‘.T.‘hus, Chenery's saving-limit characterization of this latter model is
somewhat a misnomer.
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abilities is present, the plamner will then view foreign exchange as the

critical bottleneck., TFor this type of situation the trade-limit model was

developed.,

The Trade~Limit Model

In the trade~limit model, the planner recognizes a country's
limitations in respect to both import substitution and export: promotion,
as well as the country's need (or desire) to grow by a planned target.
As in the skill-limit model, a targeted rate of growth of national income,
Y(t), is given, determining the investment stream, I(t), by the stock-flow
relationship. The model then postulates both an import function
(M = m' + m¥), with the aid of which M(t) is determined, and the projection
of export streams, E(t). The endogenous variables are thus seen to be

foreign aid, A, savings, $, and consumption, C.

The basic difference between the skill-limit or saving-limit
model and the trade~limit model is that foreign aid is determined as a
saving~investment gap in the former but as an import-export gap in the
latter., Related to this difference is the implicit understanding that foreign
exchange will not be a critical bottleneck in countries where the skill-
limit or saving-limit model is Zppropriate because of export promotion
and/or import substitution capabilities. BSimilarly, for countries where
the trade-limit model is appropriate, it is implicitly assumed that both

investment and savings capabilities are adequate. The essence of the "limit
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model" approach, therefore, 1s that planners concentrate planning efforts
upon what are deemed to be the bottlemeck factors, while factors judged

to be non-binding are neglected.

The Discretionary Use of Behavioral Assumptions

In the application of planming models, the use of behavioral
assumptions, of the types described in Section 4.3, involves a large input
of discretionary judgment on the part of the planner. This aspect of the
aggregate planning technique can be best appreciated by applying the technical
regults of our previous analysis developed in Section 3.

We have seen from that amalysis that the distinction between
exogenous and endogenous variables amounts to z causal order distinction.
With exogenous variables identified as a set of basic edges, it has been
shown that they are of a higher causal order than the set of endogenous
variables defined as a maximum tree. Once values are specified for the
set of exogenous variables, values of endogenous variables are determined
routinely as vesiduals,

The discretion exercised by planners in choosing among the
various models we have just described is essentially a matter of such
a distinction between exogenous and endogenous variables. In thelr
approach, the procedure is reflected in their making subtle distinctions
among behavioristic assumptions such as those listed in Section 4.3. Each
variable in the planning model is depicted as governed by a specific

behavioristic force. In utilizing these behavioral relationships in the



context of a particular planniang model, however, certain are selected as
relatively unyielding or "hard," and these are conceived of as the bottleneck
factors. Others are judged to be relatively flexible ox "soft." Planning
effort is directed mainly to the "hard" bottleneck factors.

In our interpretation, these distinctions represent a choilce
between exogenous and endogenous variables. Those variables controlled
by relatively rigid behavioral forces are exogenous; they are of the
highest causal order and, as such, impose limits on the values of the
endogenous variables in the system. In this sense, the exogenous variables
are construed to be bottlemeck factors. Endogenous variables are those
controlled by less rigid behavioral forces, and the planner assumes that
their ex post values can be brought into line with their projected values,
determined residually, because the behavioral forces controlling them
are relatively flexible,

We demonstrate these observations by use of an example. In
Model 2b of Diagram 9, the skill-limit model, imports (M) are considered
an endogenous variable. To illustrate the conceptual treatment of this
variable, let us assume the following oumerical values for the parameters

of the behavioristic equations governing the ezogenous variables.

5 = ,15 k=3 i =27 u = 5%
(saving rate) (capital-output (7]1) ( fE)
ratio)
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Knowing the current (initial) values of investment (ID) and exports (Eo)’
we can calculate, for any future year, the values of exports (e.g., E = 5)

with the aid of u = 5% and E . We can also compute values of capacity

output (e.g., Y

100) with the aid of accumulated capital capacity
{using k = 3, 1

2%, and Io). Thus, the major growth promotion force
{i.e., the investment capacity pull) allowg us to determine the value of Y.
We also know the value of investment (e.g., I = 20), with the aid of
i = 2%; and savings (e.g., S = 15) with the aid of s = .15. The values of
the four exogenous variables (Y = 100, I =20, E = 5, and S = 15) are thus
first determined by formally taking into consideration the "hard" or
unyielding behavioristic forces involving them.

Notice that the endogenous variables (A, M, C) now form a
maximum tree. Their values can now be calculated according to the
procedure described in Section 3.5, according to their causal order, in a
residual and routine manner. In this way we determine € = 85 (i.e.,
100 - 15); A =5 (i.e., 20 - 13); and M = 10 (i.e., 5+ 5 = 10), We
observe that none of the behavioristic agsumptiong listed in 4.3 are formally
used in the computation of these endogenous variables. This implies that
those behavioristic forces are judged to be flexible or not effectively
binding. For example, suppose that the import function is M = .08Y
(i.e., the average propensity to import is eight per cent, then needed
imports, from the ex ante behavioristic viewpoint, equal 8, which is
adequately covered by the projected value (10), and, hence, the value of 8 is

not binding. Conversely, suppose M = ,12¥; then needed imports from
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ex ante behaviorisgtic considerations is 12, exceeding the projective value
of 10. However, now, in the judgment of the planner the deficiency can be
corrected by an independent set of policy devices (e.g., import controls,
import substitution, etc.) to bring about a change in the behavioristic
force (in this case, the propensity to imporit) so that the ex post value for
M can be brought into line with the projected value.l? The same principle
applies to C and A, the other endogenous variables. 1In short, in the
judgment of the plamner, these endogenous variables do nmot constitute
sarious development bottlenecks.

The notion that some behavioristic assumptions are hard and
unyielding (and thus more serious) while others are soft or weak (and hence
more tractable) is basic to certain recent trends in the evolution of
planning methodology. The distinction follows readily from the planners'
mechanistic view of growth based upon indiscriminate acceptance of a wide

variety of mechanisms (such as the list presented in (4.3) above), all

regavded as wmore or less relevant to the operation of the economy at a glven
point in time. This distinction among behavioristic assumptions, however,
need not arise (and would, in fact, be meaningless) if the more familiar
method for comstruction of unambiguously determined models were employed;

l.e., accepting an equal number of equations and uriknowns.]'S

17The distinction between ex ante and ex post values of planming variables is
the essence of the "two gap approach," popularized in recent years. Tor
an evaluation of this approach from another viewpoint, see the article by
John C. H. Fel and Gustav Ranis in American Economic Review, September, 1964

18Equivalently, this condition is that the number of behavioristic
assumptions must be the same as the cyclomatie number, u.

- 101 -


http:value.17

The departure leading to a distinction stems from the planners'

mechanistic inclination leading to respect for all mechanisms (acceptance

of all behavioristic assumptions) as a general principle. This orientation
implies a view of a "mechanism space," the set of all possible mechanisms.
The choice of a particular model to describe growth reality must be argued
in the context of that total "mechanism space" to provide confidence in the
result.

The acceptance of such a mechanism space containing more equations
than are needed for determination purposes leads once again to an Imevitable
and important aspect of judgment so characteristic of the planvers'
approach. The choice between rigid and flexible behavioristic forces, of
necessity a very complex matter, precedes and determines the entire
planning procedure. It would appear that there is, as yet, mo scientific
method to guide such choice;19 and while knowledge of innumerable
characteristics of a country may be helpful, a large input of discretion

will always be present,

The QOperational Mezning cof the Planners' Typology

The idea of growth typology, as found in the intellectual and
practical work of planners, recognizes differences in growth promotion
forces among countries and for different stages in a country's development.

These differences are judged to be traceable to variations in societies'

198ee, however, Section 4.5 below.
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capacities in regard to several economic and political components of
development. The choice of a particular model depicts the operation of the
system as driven by the major growth promotion force; for example, 'the
savings-push" nature of the Harrod-Domar model; the investment ability or
“the investment-pull" nature of the skill-limit model; and the politically-
determined “target-push" of the other two models, the saving-limit and the
trade-limit model. We note that, in the "limit model" approach, these

primary growth promotion forces are always conceived of as domestic growih

forces affecting the domestiec variables. A second set of forces, some
domestic and some foreign, affect the foreign sector variables (foreign aid,
exports, and imports). Differences here focus upon abilities to promote
exports, substitute imports, and attract foreign aid. The superimposition
of these two types of forces are them used to produce a wide variety of
growth situations, The operational implications for development planning
are that, first, the bottleneck factor(s) must be selected and, second,

that the bottlenmeck factor must be emphasized (or given a higher causal
order) in planning. The models employed then give concrete numerical answers
to the key policy issues implied by this choice; for example, the prominent

emphasis on needed foreign aid in all the open models examined above.

Given the wide choice of behavioristic forces postulated in
equation (4.3), many aggregate models can be built for any open economy.
Each possibility represents a particular growth type, determined by a
special set of growth characteristics. In addition to the "needed foreign

aid" type, considered above, an “available foreign aid" type is possible.

- 103 -



More systematically, we can distinguish a "savipgs~push" type, an "investment-
pull®” type, and a "politically-induced" type as the three major types of
growth originating from domestic origin, In addition to these types,
discussed above, three alternative types can be envisaged for an open economy,
depending on whether growth is "export-pushed," "import substitution-led,"
or "foreign aid-dominated." We see that a model space would be an apt
description of the set of all possible models generated in this way. At the
present time, a systematic planmning taxonomy, involving identification and
classification of all significant cases in the model space, has not been
explored by the planners to any significant extent.20

Although a large number of alternative models can be constructed
in this way, planners have a definite preference for the particular type of

model which is addressed to a key policy issue, TFor example, planners have

tended to adopt a ‘needed foreign aid model" rather than an "available
foreign aid model," the difference being that the latter postulates the
availability of foreign aid as a hard "inflexible" condition. Thus, the
needed foreign aid approach relates directly to the moot development issue
in postwar assistance strategy and politics of deciding how muéh assistance

a country will need. This orientation towaxrd policy with a strong pragmatic

ZOA first effort has been made in John C. H. Fei and Gustav Ranis, "4 Study

of Planning Methodology with Special Reference to Pakistan's Second Five-
Year Plan," loc. cit.
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undertone has a sharp anti-historical bias., Policy models, as illustrated

by those examined in this section, tend to be forward looking in order to

provide practical advice. They are not designed to explain historical events.
In view of this problem of a large (and actually unknown) variety

of growth models that may be adopted for planning, the need for guidance

is pressing. Guidance is needed to identify precisely what growth model

is, in fact, relevant to planning for a particular period; e.g., the 3-5

years immediately ahead. Unless a method is developed to help the planner

to select the relevant model, effective planning cannot begin, What is

needed, therefore, is amother type of plamning, which may be described as

planning for development strategy. Such strategy planning should, ideally,

precede actual plamning operations so that the relevant planning model may
be selected before plans are formulated, Growth typology must obviously be
a major component in this kind of advance plamning since growth bottlenecks
likely to be confronted in the near future must be identified,

Despite the obvious importance of strategy planning, this area of
knowledge has been largely ignored by development economists. Satisfactory
methods have not been developed to solve--or even to examine--this problem
systematically. One major obstacle to the study of growth types is
statistical identification, a problem associated with the estimation of the
parameter values for the set of all behavioristic assumptions employed; e.g.,
those listed in the equations in 4.3 ‘/k, s, e, u, i, r, v...etc.).

Presumably, these parameter values must be estimated from the

observed values of economic variables exhibited by the economy in recent
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years (perhaps 5-10 years preceding the initiation of plamming). The

identification problem lies in uncertainty that the tiue ex ante valueg of

all the behavioristic forces can be revealed by the observed ex post data.
This impasse stems from the very notion of the "flexibility" of the
behavioristic forces involved; i.e., in the possibllity of divergence

between the ex ante and ex post values of these parameters. We have seen

that such flexibility is an essential part of the planmers' thinking. Im
the models discussed above (with a cyclomatic nmumber of four), four, and
only four, behavioristic forces are, in effect, relevant. This means that
the other behavioristic relations posited, though potentially relevant,
are not effectively binding; hence, the time series data do not in fact
reveal the ex ante forces involved but show their ex post adjustment te the
four dominant behavioristic forces. However, if the planner knew what the
four dominant behavioristic forces were in the past, he could estimate
these four parameters, In fact, there is no basis for such judgment, so
none can be estimated on the basis of identification.

Barred by these difficulties from formally solving the planning
strategy problem, planners have regsorted to more informal methods, One
example is the hypothesis that a country may pass through a specific life
cyele, in which successive stages of growth will regularly occur for a

large number of contemporary less developed countries, Through'inductive
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analysis of statistical data from many countries, it is hoped that such a

stage of growth sequence can be eventually deduced. In other words, a

historical orientation has gradually crept into the plamers’

methodology in the form of this stages of the growth notion in regard to

strategy planning. We turn to this topic in the next section.
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4,5 Models for Strategy Planning

One essential notion of development planning is its forward-looking

characteristic, its inclination to envisage the future performance of the

economy in a predictive or prescriptive sense. This is reflected in
accepting as the planning horizon a finite number of future time periods

(L, Z....1), where "1 is the initial vear and "n" the terminal or target

géar. In a five~year plan, for example, u = 5. Planning models can be

classified into two types on the basis of this time dimension; namely,

dynamic and projective. The dynamic type is the more ambitious. A

development plan, built with a dynamic model, plans not only for economic
achievements at the target year but also for the time path for reachiag the
target year through the intervening years. A projective model aims merely

at planning for the target year, ignoring (at least formally) the process

by which the target objective is reached. The models reviewed in the last
section are dynamic models, vhile the n-sector model, considered in

Section 4.2, is a projecéive model since the time dimension is not explicitly
specified.

We have seen that the function of strategy planning is to provide
guidance for selecting dymamiec models used for plamning operations. By
suppressing the time dimension, projective models become more manageable,
avoiding the difficulties which plague dynamic models in such strategy
applicatiéns. It is for this reason that projective models are suitabie for

strategy plauning.



Qur previous discussion of behavioristic assumptions suggests that
the essence of strategy planning is the identification of those behavioristic

assumptions that will be relevant and effectively in force during the

planning period. 1TIn considering the list of behavioristic assumptions in
Section 4,3, we noted that, in the context of a given model, only a part
of these growth forces will be rvelevant. ;n the case of the aggregate
planning model used in our example, only four are relevant since the
cyclomatic number is v = 4, The remaining behavioristic forces, though
potentially relevant, are not effeetive.

To investigate the nature of this problem, we can systematiecally
list all the parameters in the behavioristic equations for our example:
m, ', k, k', s, s8', 1, v, @, U, Teees In order to evaluate which
behavioristic equations are relevant or irrelevant, we must investigate the

comparative magnitudes of all the parameters. Thus, the problem is one of

examining the relationships among the values of these parameters. Heretofore,
we have assumed that the values of the parameters are constant. To
investigate the preéent problem we must allow the possibility that parameters
may take on alternative values to define different types of inter-parameter
relations. For example, if there are ten parameters, we may think of a
ten-dimensional parameter space. As a point moves in this parameter space,
the relative magnitude of all parameters changes. The problem of determining
which behavioristic equations are effective and which are not depends on
investigation of such relative magnitudes. A planning model which formally

admits that the parameters of a system of behavioristic equations may
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change is called parametric programming. This type of model can be (and

has been) used in projective planning to ldentify the relevant planming
strategy.

Because it is informal by its very nature, strategy plamning is
an area of knowledge for whiech we can say very little by way of
generalization. For this reason, we review only one strategy planning model
of the parametric programming type, actually employed for planning,z1 as an
illustration of the essential notions involved in this method. The model
to be considered is of special interest to us since it is concerned with the
open economy, giving us the views of the planner on strategy for development
of the type of economy studied in our book, We introduce this model in the
following steps: (1) the model structure, (2) the method of parametric

programming, (3) the application, and {(4) summary and evaluation.

The Model Structure

Let us accept the aggregate national income accounting structure
of the open economy (Diagram la) containing seven planning variables
{C, I, E, ¥, M, 5, and A) and having a cyclomatic number, u = 4. We make

the following three behavioristic assumptions:

See Hollis B. Chenery and Michael Bruno, 'Development Alternatives in an

Open Economy: The Case of Israel," Economic Journal (March 1962),
pp. 75-103.

- 110 -



%4,5.a) Saving functions S = s' + s¥Y
b) Investmeht function: I = d' + 4y
¢) Import functioh: h = .E + v+l
Equation 4:5.2 i§ the faﬁilia% keyhegian Saéi;g fﬁﬁdtion.
Equation 4i5:b éta;as that investment demand is linearly related to national
income (Y) as a description of investment demand behavior (i.e., absorptive
capacity). Equation 4.5.c is a general type of import function, stating
that demand for importé () is sensitive to the three demand components of
national income (E, C, I). Since only three behavioristic assumptions
are postulated, the system is, as yet, not determined (the cyclomatic number
is u = 4),
In this model, once we know ¥ (national income), we can immediately

calculate foreign aid (A) needed to plug the gap between domestic savings

and investment, calculated by the saving function and the investment function

of equations 4.5.ab. Thus:
A=T-5=(d" +d'%) - (5" +8)Y = (d* - &') + (d - 8)¥

Alternatively, we can compute the needed foreign aid as a foreign

exchange gap by requiring that it fill the gap between exports and import

demand:
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TFrom the above reasoning, we see that the needed foreign aid can be

calculated in two ways; i.e., elther as a saving~investment pap or a foreign

exchange gap, by the following pair of equatlons:

4,6.2) A= (4" - 5*) + (d ~ 8)Y .ves. Saving-investment gap

d'(u, - u) u, + du, -~ du u, -1
b}y A= T i ° P — 1 1 Sy E ... foreign
" Y% " Y L=, exchange gap

If foreign aid is to satisfy both the savings-investment gap and
the foreign exchange gap, then both of this pair of equations mﬁst be
satisfied. Furthermore, when the values of any one of the variables
(4, f, E) is assigned, we can determine the value of the two other variables
and, hence, determine the entire system.z2 Thus, when only three conditions

are postulated in 4.5, there is a possibility of a multiplicity of soluticns

2215 other words, we have in 4.6 two equations to determine two unknowns.
Notice that since the cyclomatic number is 4, determination of the system
requires the postulation of one condition additional to those in
4.5a, b, c.
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for the system since a particular variable, for exawple, E, can take on many
alternative values. The possibility of a multiplicity of solutions is a
typical situation encountered in parametric programming.23 We first study

an elementary method of this type abstractly.

Parametric Programming

Suppose we have a pair of equations in two variables, %y and Koy

and two parameters, 91 and O3 , such that one parameter appears in only one

equation:

|
=

b) @2(}(1, Xqs 02) = 0

In the %7 - %y plane of Diagram 10a, we let ©; take on alternative values
so that a family of curves is generated by equation 4.7a, each curve indexed
by a particular value of 0y . Similarly, the variations of the values of

0, generate another family of curves corresponding to equation 4.7b. 1If
both equations must be satisiied by x; and x,, the solutions to (4.7) are

represented by all the points of intersection of these curves. Each

intersection is relative to a particular set of parametexr values,

23A particular trait of the planning school lies in its manipulation of
underdeterminancy and overdeterminancy. We have seen an overdetermined
model in the last section where more behavioral assumptions were specified
than used for determination and here we see the opposite case of
underdeterminancy.
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Diagram 10: Optimization Techniques
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Next, let us assume that the variables Xya Xy and the parameters,
@1, 02, 4are all constrained within given intervals; i.e., lying between a

ceiling value and a Ffloor value:

4.8.a) _0_1 s 01 ¢ 61 7 92 02 ‘.52
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Now, if we let 07 vary between the two extreme values, the family of

curves varies between two extreme members. This is true also for ©3

Thus, the solution must lie in the boundary enclosed by abed in Diagram 10a
if equation 4.8a is to be satisfied., Next, we indicate the extreme values
of the varisbles in equation 4.8b on the vertical and horizontal axis and
obtain the rectangle ABCD in Diagram 10a which encloses all values for x

and X, if equation 4.8b is to be satisfied. The overlapping part of abcd
and ABCD then indicates solutions for equation 4.7 when all interval
constraints in equation 4,8 are satisfied. The feasible solution is now seen

to be bounded by GHJIIND.

If, in addition, we postulate that % and/or X, have certain
economic welfare implications, then the optimum solutions must lie on the
frontier (rather than in the interior) of GHJAND. For example, if X is a
positive welfare indicator and %, is a negative welfare indicator, then the
optimum feasible solution lies on the line segment GH vhich constitutes

the southeast frontier of the feasible solution set. Moreover, by moving

along this frontier, we can determine at any point on this segment which
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parameters and which variables have taken on their extreme values (indjcated
in equation 4.8). 1In case a variable has not taken on any of its extreme

values, it is then not effectively binding the solution.24

In summary, we see that this method of parametric programming, as
abstractly stated, has three distinct elements. The first is the

multiplicity of feasible solutions as parameters vary. The second is the

feasible solution boundary given by interval constraints imposed on parameters

and variables. Relative to the extreme values of the interval constraint, a

notion of an effective or ineffective comstraint is introduced., Finally, by

adding certain welfare considerations, the optimum feasible solutions are

restricted to certain segments of the boundary.

Application of Parametric Programming

In order to apply the method just described, let us rawrite the
pair of equations (4.6) (i.e., the saving-investment gap and the foreign

exchange gap) in the following form:

4.9.2) 0y(Y, A, s, ', d, d') = 0 (ecsusse. Saving-investment gap

b} o,(Y, A, E, Uy Uy B, 4, d'} = 0 .. foreign exchange gan

As we shall see, this is the abstract formulation of the planner’'s notion
that a behavioristic assumption (i.e., a mechanism) may not be binding.
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In order to apply the method introduced in equation 4.7, let us choose

(¥, A) to be the pair of economic variables corresponding to x; and %o

in equation 4,7 and (s, E) to be the pair of parameters corresponding to

01, 03 « All the other parameters are assumed to take on constant values.
Thus, in planning terms, the economic problem is to investigate the
possibility of projection when a country's export potential and/or its

saving capacity varies. HNotice that the fivst parameter "s" appears only

in the first equation and that the second parameiter "E" appears only in the
second equation so that the diagrammatic method can be applied. We introduce
the following interval constraints for (Y, A) and (s, E). These numerical

values selected are purely illustrative:

4.10.8) 5520 - Y S 6130 ; 240 £ A 5 280
b) ,165=s35 ,30 3 240 SE S 480

In employing interval constraints, the planner has some specific

economic justifications in mind, In our example, the parameters, s and E,

are regarded as policy or instrumental variables subject, within certain
limits, to public policy. The propensity to save, =, for example, may be
subject to some degree of govermment control through tax policy and/or
moral suasion, while exports, E, may be significantly influenced by

government export promotion policies (e.g., manipulation of the foreign

exchange rate). The variables, ¥ and A, are constrained by the planners’®

estimates or judgment of thelr likely value. For example, national income,
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Y may be estimated from judgments about political considerations such as
tolerable growth targets, and foreign ajd, A, may be based on guesses about

the generosity of potential donors. The two extreme values of the interval

constraints represent the most optimistic or pessimistic values. For
example, the upper bound of s, E, and Y and the lower bound of A constitute

the optimistic extreme, The variables Y and A are assumed to commote certain

economic welfare implications; national income, Y, is construed to be a
positive welfare indicator and foreign aid, A, a negative weliare indicator.25
In Diagram 10b let national income, Y, be plotted on the horizontal
axis, and let foreign aid, A, be plotted on the vertical axis. Let the
extreme values of these variables, given in (4.10a), be marked off. In this

diagram the dotted Ffamily of curves is drawn to represent equation (4.7a),

the alternative savling-investment gaps associated with varying values of the

saving propensity, s. The two extreme curves are indexed by the extreme
values of the propensity to save given in 4.10b, and 311 the other curves
lie between the two extreme curves. Similarly, the solid family of curves

represents the aslternative foreign exchange gaps associated with alternative

values of export potential, E. The extreme curves, corresponding to 4.10b,

are indicated. 1In this case, the feasible solution set has a boundary,

with seven sides, indicated by ABCDEFG. Notice that each family of curves

251t is assumed here that foreign aid has a negative political cost in the

less developed country context.
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is drawn on the principle that increasing values of the saving propensity,
8, or exzport potemiial, E, are associated with shifts of these curves toward

the southeast directions. This conforms to cur expectation that a

favorable change in the values of these parameters (s and E) would lead to
higher national income and/or reduced need for foreilgn aid. Since Y is a
positive welfare indicator and A is a negative welfare indicator, the

optimum feasible solution is the southeast frontier of ABCDEFG; i.e., the

line segments GA and AB.

Certain policy fmplications of the model are now apparent. Suppose
that through time the country gradually increases its national income from
the floor value (5520) to the ceiling value {6130). Assuming that the
country moves zlong the welfare frontier FGAB (i.e., that the country desires
to develop with a minimum foreign aid), the country will then move through

three phases of growth, each phase marked by an effective limiting factor:

(1) In the fixst phase, along ¥G, foreign aid is the limiting

factor.

(ii) 1In the second phase, along GA, export potential (E = 480)

is the effective limiting factor. GCrowth is now in the "trade~limit phase,"
and foreign aid £ills the foreign exchange, or trade, gap.

(iii) 1In the third phase, along A3, the savings-investment gap

is the effective limiting factor. The country is in the "saving-limit

phase" of growth and foreign aid £ills the saving-investment gap.
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In addition to identifying phases of growth, the model can also
be used to deduce certain quantitative conélusions about the substitutability
between national income, ¥, and foreign aid, A, as welfare objectives
during the growth process. The slopes of the line segments of GA and AB
indicate how much one welfare objective must be sacrificed if the other

welfare objective is to be raised.

Sumnary and Evaluation

The above example shows how parametric programming may be applied
to guide the formulation of broadly defined development strategies. The
guidance consists mainly of identification of expected growth phases, their
sequential order, and the factors that are anticipated to limit growth in
each phase. With such guidance from projective planning, in which the time
dimension is suppressed, the planner would, ideally, select appropriate
dynamic models (discussed in the previous section) to plan the time path of
development. Thus, we would expect that the choice would vary for each
growth phase. More precisely, in each stage of growth for which a particular
limiting factor has been identified, the rules of growth of the dynamic model
would be formulated to give special emphasis to that bottleneck factor.
Conversely this means that those behavioristic constraints not effectively
iimiting grouth during a particular phase may be neglected; i.e,, omitted
Erom formal model consideration. We see, therefore, that a strategy planning
model, such as the one discussed in this section, is considered to be

complementary to the dynamic models discussed in the previous section.
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A number of important issues should be raised about parametric
programming as a method for guiding the formulation of development
strategy. In the broad perspective, a planning model should be judged in
terms of its contribution to planning methodology. We have pointed out in
regard to the abstract model that this method involves a combination of
techniques whose use requires both special assumptions and a generous amount
of judgment. It is not clear, therefore, to what extent this method of
planning can be generalized. The model has serious limitations as an
instrument of deductive reasoning, independent of statistical data. This
may be readily seen from the nature of the pair of equations (4.6).
Conclusions cannot be drawn from abstract knowledge of the model's structure
and its behavioristic assumption before parameters are estimated from
actual statistical data. TFor a model of this type, therefore, dependence on
statistical data is of overriding importance, placing a very heavy burden on

the reliability of data, a serious problem indeed in the less developed

countries for which the model is designed,
Beyond this data problem, extra-model judgment is required for
certain numerical components such as the interval estimates for the

availability of foreign aid and the feasible target (see equation 4,10).

At the present time, neither economists nor other social scientists have
developed theoretical foundations and techniques to make these judgments
about social, political, and institution forces on a sound basis. Despite
this very shaky basis for obtaining the numbers to put into the model, the

conclusions depend in a very crucial way upon numerical inputs. For example,

- 121 -



it can be seen from Diagram 10b that a slight variation of the extreme
value of exports, E = 450, would cause the curve to shift in such a way

that the sequential order of the phases of growth would be changed. TIm view
of the parameter estimation difficulties, we believe that strategy planning
of this kind requires, at a minimum, sensitivity analysis to test the
reliability of the conclusions.

The problem of statistical identification of the parameters of the
behavioristic equations is a very basic methodological problem. Indeed, it
is not clear from the model structure postulated what is the c¢orrect
procedure for identifying the parameters. For example, if the economy in
the recent past has not grown according to the welfare primciples of
nmaximizing income and minimizing foreign aid, how can the observed data be
interpreted for parameter estimation?

The relevance of the parametric model to the dynamie planning models,
discussed in the previous section, is rather vague. For example, it is not
clear to what extent and by what method the welfare considerations (e.g., the
minimization of foreign aid) can be actually formulated as analytical
conditions for the dynamic models. In fact, there is no clear indication
that these considerations are even relevant for dynamic planning.

The model discussed in this section closely resembles a prominent

model developed by Chenery and Bruno.26 In that model, a long list of

26Chenery and Bruno, ''Development Alternatives in an Open Economy: The Case

of Israel," loe, cit.
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behavioristic assumptions is postulated, related to many facets of the
economy (e.g., labor unemployment, unutilized capital stock, investment and
replacement, government current expenditures, population growth, labor
productivity change, savings, capital accumulation, absorptive capacity,
effective exchange rate, foreign capital inflow, public and private
consumption, export prices, ability to plan, etec.) in order to simulate
economic reality by an aggregate model, We have attempted to condense these
assumptions to reveal the essential methodological content of such a model,
summarizing the innumerable relationships into the three behavioristic
assumptions in equation 4.5. Thus, the model which we have examined is
consistent with a framework ¢apable of including in its scope a much larger
range of economic phenomena as intended by the originators of this method.
We see that this type of model is designed to reflect a
multiplicity of forces influencing the growth of developing economies.
The resulting complexity is the epitome of the planner's effort to
approximate reality.27 This preoccupation with positivism as an approach to
development is not a costless virtue. As the complexity of the model
increagses, the demand for data, the exercise of human judgment, and the need

for improvisation rise a fortiori. These additional strains further

271n fact, this school of planners frequently pride themselves in the

philosophy that it is their basic purpose to make their models look moxe
and more like the real world rather than making the real world look like
models, as they believe other economists are wont to do.
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jeopardize the reliabllity of policy conclusions in an art that has not
been noted for its prescriptive powers.

Let us assume for the moment that these problems do not exist,
and let us accept as a premise that perfect data, perfect judgment, and
successful improvisation always bless planning efforts., The attempt to be
realistic through adding complexity involves an even more basic problem.
The most serious methodological problem of this positivistic approach lies
in its negation of the analytical method, All analysis requires selectivity,
determination as to what is relevant or irrelevant. This sense of narrowing
down the scope of the problem under analysis is missing in the simulation
approach. Given a wide conglomerstion of factors involved in an economy's
growth process, one is unlikely to distill conclusions 4propos the selection
of development strategy from such an approach., Without the refining cause
and effect ordering provided by analysis, one cannot isolate influences
affecting the outcome. From simulation results based upon data for Israel,
for example, we cannot distill gemeralizations appropriate to another
ecountry, say, Pakistan, which would be studied from another, quite different,
mass of facts. Im short, scientific quality of the conclusions 1s in doubt

because there is no basis to assess transferability of the knowledge from

simulating one countxy.

Yet development strategy issues are, by thelr very nature, based
upon comparative experience of different types of countries. Without
classification and analysis of different sets of rules of growth, we are

unlikely to be able to design strategies of development appropriate to
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differing growth types. It is true, indeed, that less developed countries

are the only realistic laboratories for developing such knowledge. Lacking

an analytical scheme to differentiate among growth types, however, it is

unlikely that comparative empivical studies will yield transferable knowledgé

relevant to the choice of appropriate development strategies for

particular countries. : -
Models of the type reviewed in this section have two major

characteristics, Fivst, there is an explicit welfare-optimization

orientation; and second, they have a simulation tendency, shown by their

attempt to reflect "reality' in its £ull complexity. These two tendencies

are reflected in their fuller evolution in the optimization models examined

in the next sections,

4,6 Qptimizing Planning Models

In addition to our earlier distinctions, used to discuss different

types of planning, we can distinguish between descriptive models and

optimizing models. A descriptive model is constructed to describe historisal

reality for the purpose of forecasting what isg likely to occur in the future.

The model must be constructed to describe the behavior of economic agents
in the real world. An optimizing model, by contrast, is designed to show

what should be done., Thus, rather than being desecriptive or predictive of

economic reality, an optimizing model is prescriptive or normative in nature.
If, of course, a country pursues the course of action prescribed by an

optimizing model successfully, the optimizing model may also be predictive
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in this narrow semnse., The optimizing models are considered as a separate

category of planning models because they emphasize an explicit formulation

of the idea of optimization to show what should be done. In such an approach,

economic welfare and the maximization of economic welfare constitute the main
analytical content.

Although optimizing models can be constructed at any level of
aggregation, in their empirical applications these models have been

relatively ambitious, involving disaggregated and dynmamic formulaticms.

Thus, the optimization model is usually a large scale model involving a
large number (usually hundreds) of variables and equations. Furthermore,
because of their size, these models take on a more technical character,
requiring special quantitative techniques and frequently using machines and
computers for their solution. Tt follows that they also involve massive
data inputs, much greater than for any of the models discussed. Many
planning models with these characteristics have been constructed. They all
share the typical features of the model we now present.28

Ordinarily, a national income accounting framework of the

disaggregated type (see Diagram 2) is postulated. 1In addition, a finite

number of consecutive time periods is postulated as the planning herizon.

8Representative models of this type zre found in Richard §. Ekhaus,

"Appendix on Development Planning," in Charles Kindleberger, Economic
Development (2nd edition; New York: MeGraw-Hill Book Company, 1965),

pp. 400-4£10; Jan Sandee, A Demonstration Planning Model for India (New Yorlks
Asia Publishing House, 1960}; and in several of the contributions in Irma
Adelman and Erik Thorbecke (eds.), The Theory and Design of Economic
Development {Baltimore: Johns Hopkins University Press, 1966).
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Thus, for a planning horizon of five years, a typical plamning variable, x,
can take on the form xl, xz, x3, xé, xs,‘where the superscript stands for
the dating of the variable. Typically, an optimizing model postulates, in
addition, five types of constraints: exogenous, foreign aid, production,
investment, and capacity constraints., Let us consider an example involving
three planning periods and a model with two production sectors. The five
types of constraints in such a model are indicated by the five rows in

Table 11, which will now be briefly explained,

Exogenous Constraint (Row 1)

The time variables for consumption (C;, C;), export (EE, EE) and
foreign aid (At) are gspecified to be constrained in each period by certain
exogenously determined magnitudes indicated by a super bar (e.g., X). In
each step, the imequality signs specify certain extreme optimistic
assumptions which the planner can reasonably expect to prevail in the
planning horizon. Thus, the planner specifies that consumption must not
drop below certain floor values and that foreign zid and exports must not
exceed certain (most optimistic) celling values., The use of inequality signse

in this fashion is a distinctive feature of these models.
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TABLE II

CONSTRAINTS FOR AN OPTIMIZING MCDEL

Time
First Year Second Year Third Year
Constrain
1 -1 1 -1 2 -2 2 -2 3 -3 3 -3
C1 2 Cl ; Cz 2z Cz C1 2 Cl ; Co 2 02 | 'Ci z Cqy Cz 2 C2
Exogenous 1 -1 1 -1 2 -9 2 -9 | 3 " .3 3 -3
Constraint Ey = El i By < By E1 3By By By | By 2By Hy g By
1) 1 -2 ! -3
1 1 2 3
A" <A A < A A £ A
1 1 1 2 2 2 3: 3 3 3 3
Al My M, - (B +Ey) | AT 2 +M - B] +Ey | A 2M) +M, - (B, +Bp)
Foreign 1 i 9 9 3 3
Constraint M1 =m,X I\JI1 = m1X I\;f[1 =m,X
2) 1 1 11
‘ 1 2 2 2 3 .3
i > 1 1 1 2 2 3 N 3 3 ﬁ3
p . 1 1 1 2 2 2 3 3 3
CI‘OdU.Ct}OIl +Cl +111 + 112 4a Cl “+ 111 -+ 112 '+E2 +111 +112
or:g';ramt Xl Xl . Xl El X2 5 2 2 2 <3 > XS N X3 + E3
2 * 331 299 2 +Hy g = agy Xy tageXy +Ey ) Xy Tag Xy 322 2 1
+c1+11 + el 4l E3 L
2 * 1oy Izz Co tlyy tiyy * “ I22
{Continued)
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TABLE II (Continued)

Time
First Year Second Year Third Year
Congstrain
1 2 2 2 N 2 3 . TS 3 3
Constralnt 1 1 1 . 1 2 R 2 12 - Jz 1-3 . J3 . 13 . b J3
(4) Ip1 2 byydy i Ing2 byody 21 2 P21y 3 lgg 2 Dg0dy 933 Doy dy s Igo 2 boody
) -1 1 -1 2 -1 1 2 -1 3
Constraint -1 1 2 -1 1 3
1 1 1 1 1 1 2 2 2 2 2 2 2 3 3 3 3 3 3 3
Xls Cl; El: 1113 112: M ’ Jl Xl; Cl) El 111’ 112: M}.: J1 Xl: C]_i 1: Illl 1121 M]_l Jl
. 1 1 1 1 1 2 2 2 2 2 2 5 3 3 3 3
Plar.xnzng Xz, Cz, Ez, 121, 122, M, .I1 X, Co, Ez, 121, 122, Ml, dg XZ CZ' E2: 121, 122, Mg, J2
Variables 1
A A2 A3
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Foreign Aid Constraint (Row 2)

In each period, the total value of exports is (Ei + E;), while
the total value of imports is (M§ + Mz). Their difference--
(M: + M;) - (E; + Eg)-nis to be covered by foreign aid., Thus, the foreign
aid constraint in Row 2 specifies that these constraints must be met. In
the same row, We specify that the value of imports is determined by a
constant import coefficient assumption of the type used earlier (Equation
4.1b) and is, therefore, proportional to total output (Xg) of a particular

commodity at a particular date.

Production Constraints (Row 3)

The production constraints are deduced from input~output accounting
equations (see Equation 4.2} and specify that, for each industry and in
each period, the demand for output capacity (Xz) must be covered by the
supply of output capacity. Items which enter into the caleulation of demand
are (1) demand for intermediary factors (aijxi), {2} consumption (CE),
exports (E:), and investment (Iijt). The use of the notations for investment

t
(Iij )} are consistent with those used earlier (Section 2, Table I).

Investment Constraints (Row &)

This set of constraints states the relationship between the above
investment goods (Iijt) and the additional productive capacity that they

build up for the next period. More specifically, a 2 x 2 matyix of capital

coefficients is postulated:
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11 12

by1  Pag

vhere the first column (bll and b21) specifies the amounts of investment
goods of each type which must be Ystockpiled" if the output capacity
of the first industry is to be increased by one unit. Thus, if the output
capacity of the first industry is to be inereased by Ji units in the £irst
period, demands for the investment geods are, respectively, at least
bllJi from the first indestry and bZIJi from the second industry. This

1

1 2 1
leads to Ill = bllJl and 121 = b2131 , ete.

Capacity Constraints (Row 5)

These constraints state that, in each pericd, the demand for
capacity--caleulated in Row 3--must not exceed the supply of capacity for
each industry. UNotice that in the first period the productive capacities

B R 4
of the two industries (Xl ’ Xz) are assumed to be given, as a part of the

initial conditions. The productive capacities in each succeeding period
are seen to be obtained by adding to these initial capacities the
successive investments, J;, in each period as calculated from Row 4.

In this planning model, there are 4§ inequality counstraints and
15 planning variables in each period (a total of 45 variables in three
periods), The 45 variables are listed at the bottom of Table II. We see
that even for our small two-industry three-period model, therefore, the

number of variables is large. A feasible plan is a choice of walues for
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these 45 planning variables?® which satisfies all the comstraints indicated
in Table II. If nc set of 45 values for the variables can be constructed

to satisfy all the constraints, the plan has no feggible solution,

Practically, this means that the constraints have been specified in such a
way that they are too ambitious in relation to the initial capacity of the
economy. A feasible plan is a dynamic plan, indicating the process by which
the economy can move from the initial conditions to the terminal conditions
specified for the end of the planning horizon,

It may happen, of course, that there are many alternative feasible

plans, This situation typically confronts the plamner, especially when the
constraints specified are not overly ambitious. In this situation,

optimization is required. For optimization, an economic welfare criterion

must be specified to emable the planner to select, from the set of all

feasible plans, one particular plan (koown as Che optimum solution),

best definable in terms of the welfare criterion. There are many ways to
specify an economic welfare criterion. The only technical requirement in

its formulation is that the one welfare variable chosen must be definable in

terms of one or more of the planning variables. The following are examples

of typical welfare criteria:

29Projected values for all variables must obviously be non-negative if the

result is to be meaningful.
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(1) Minimization of total foreign exchange,

(2} Maximization of consumption of a particular commodity fox
the last planning period.

(3) Maximization of the level of consumption of all commodities,
assuming that a constant proportion is maintained among
all commodities consumed.

{4#) Maximization of the productive capacity at the end of the
planning horizon, under proportionality assumptions
similar to (3).

(5) Mazimization of the level of investment at.the end of the

planning horizon, under proportionality assumptions similar

to (3).

The art of optimization planning has not been developed adequately
to evaluate which of these welfare criteria are the most appropriate for a
particular country. Thus, in this model, as in all of the others, we see
that judgment enters at the most critical point.

Given the specification of all the varlables, constraintz, and an
wambiguous welfare criterion, the technical aspect of the optimizing model
is either to find an optimum splution or to arrive at the c¢onclusion that
such a solution does not exist. When the welfare function is specified in

a linear way, this technical aspect amounts to a typlcal linear programming

problem which, when stated abstractly, is a problem of the following type:
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To find non~-negative values for the variables X5 Xy Egs which

satisfy the following linear inequalities:

i
o
[

a11%y T 3y9¥p + a13%3

#h
o
]

391Xy 89Xy + 89Xy

1l
o'
7))

a3 ¥y * azp¥y + oagzxz =
31%1 3%y to243%3 S By

and which maximize the following “welfare" variable:
Y= ey - CoXy + CgXg

Problems of this type have been studied exhaustively in the recent

years by economists of the activity-analysis tradition, as well as by

mathematicians,30

3OSee, for example, the collection of essays edited by Tjalling C. Koopmans,
Activity Analysis of Production and Allocation (New York: John Wiley and
Sons, Inc., 3931) and R. Dorfman, P. A. Samuelson, and R. M. Solow,
Linear Programming and Economic Analysis (New York: MeGraw~Hill Book Co.,
1958).
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Evaluation

Optimizing planning models of the type presented descend from
the dynamic input-output tradition, which has emphasized a dynamic general
equilibrium system with numerical strength.31 Such models have had growing
appeal to practitioners of development planning, including officials in
planning organizations, for several reasons: (1) their comprehensiveness
in covering all industries and all time points in the planning horizon;

(2) their production policy results in numexrical terms; {3) their emphasis
upon rascurce consistency; and (4) their.explicit formulation of welfare
criteria. 1In short, the appeal of optimizing planning models arises from
the fact that they are interpreted as conforming to popular ideas of the
essential ingredients of central planning and methods appropriate to an
idealized centrally directed economy. ,

We observed in the last section (Section 3,5) a tendency in the
evolution of planning methodology toward growing positivism; i.e., an attempt
to incorporate into the analytical framework as much of empirical reality
as possible. Optimizing models of the type reviewed in the present section
constitute an additional step in this direction, The march to positivism

in planning methodology, however, has not ended yith these optimizing models.

3lSee Wassily Leontief and others, Studies in the Structure of the American
Economy (New York: Oxford University Press, 1953).

- 134 -



This tendency has reached its fullest flowering in the simulation approach.

Simulation models represent a giant step toward greater "realism" and

complexity,32

so much so that the optimizing models just discussed look
relatively simple and remote from reality, by comparison.

The simulation approach attempts to construct models which, to the
maximum degree, mirror all empirical reality at the most microscopic level,
usually covering the economic behavior of all individuals and all firms
in a society. The models purport to be a duplication of the realistic world,
with the only (and basic) difference from reality being that the real world
is duplicated (simulated) in the laboratories of planners. With the model
simulating the operation of a real economy, Yexogenous"™ conditions can be fed
in by the planner. With the aid of machines and computers, certain
observable results may then be identified as the operational consequences of
the intreoduction of the exogenous factors. From these results, policy
conclusions are attempted., Despite the complexity of the simulation approach,
we see that it reflects the same basic methodology characteristic of the
planning school as a whole.

An analogy from bilological sciences may help to identify the
inherent weakness of the simulation approach. In biological experiments, the

operation of a particular organism is studied inductively by testing

3211 some examples of simulation models, equations and variables are
literally counted by the millions.
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reactions of the particular organism to outside stimuli. The equivalent
of a simulation approach in this case would be an attempt to construct a
mechanical orxganism. e can readily perceive the folly of constructing a
mechanical squirrel, for example, to investigate the problem of a squirrells
growth and development. The mechanical squirrel would reflect the
mechanical ingenuity of its creators, but it is doubtful, indeed, that the
inductive evidence presented by its operation would be even remotely
relevant to the behavior of a real-life squirrel. In our view, the operation
of an entire economic system can be no better simulated by a mechanical
replica than in the case of a biologist's mechanical animal.

Quite apart from this basic problem of mechanical simulation,
there are other difficulties of a more epistemological nature. Even
assuming that the realistic work could be duplicated in a planning
laboratory, we would still possess only inductive knowledge, Without
theorizing, inductive evidence does not further our understanding of the
operation of the system under study. Understanding of cause and effect in
g;owth and development requires theories to interpret the functioning of
the entire system.

These basic difficuliies go far to explain the lack of success

marking the application of both the.simulation approach and large-scale
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planning models as instruments for managing economic affairs of entire
nations. There are also the more practical reasons, cited at the end of
Section 4.5. These include reliance upon masses of frequently inadequate
data; the heavy input of judgment and improvisation; and the great demands of

such cumbersome models upon a developing society’s limited resources of

time and money.
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5. EVALUATION OF THE PLANNING APPROACH

In this chapter we have surveyed several of the Important works
by representatives of the planning school, In this survey we have stressed
certain special characteristics of this school, such as its accountinog
framework, methodology, data consciousness, policy orientation, dependence
on discretionary judgment, and growth philosophy. Having familiarized
ourselves with the substantive content of the planning school's work, we
are now in a pogition to adopt a more synoptic view to evaluate the place of
this school in the broader context of our total knowledge gbout growth and
development of less-developed countries. Our purpose here is to assess the
planning achool's unique contribution as compared and contrasted to the other
approaches (historieal, institutional, and theoretical) reviewed in other
chapters of our book. In this evaluation, we discuss four aspects of the
Planning approach: 1) its nature as an area of knowledge; 2) its strength;

3) its weakness; and 4) its relevance to our present study.

5.1 HNature of the Planning Approach

A. C. Pigou once distinguished two branches of economics,
light-bearing and fruit«bearing.33 Pigou's distinction was meant to

emphasize the difference between analytical and applied‘work in the field

33A. C. Pigou, Economics of Welfare, Fourth Edition, (London: Macmillan and
Co., 1952), pp. 3=5.
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of economics, and to suggest that without lightebearing analysis, fruite
bearing applications are unlikely to be productive. The planning school
clearly zepresents an area of applied economics, i.e., the application of
analytical methods to produce development plans, In this evaluation, our
central focus is the Pigovian type question of whether the planning school
hae only applied received knowledge or whether it has also borne light by
adding to our knowledge about the process of economic growth.

To investigate this issue we are concerned with three related

problems: 1) what is the planning school's growth philosophy; 2) what is the

origin of the planners' growth philosophy; and, 3) how does the planning ‘
school’s growth philosophy differ from the other major approaches to growth
and development?

The preceding survey of the planoning school's work leads us to
describe their growth philosophy as mechaplstic, Economic growth is viewed
as a matter of gimultaneous operation of many mechanical parts of an economy,

with each part having a particular function., Growth occurs as a result of

the proper funciioning of each part of the economic mechanism. Assogiated
with this mechanistic view of growth is the gtrong belief in the immutability
and universality of the mechanical principles related to the operation of
discrete parts. Different growth types are distinguished on the basis of

the presence or absence of particular mechanical parts--as we have seen in
our review of the various models examined in Section 4.4, Thus, we found the
planners' typology to be limited to the narrow confines of mechamistic models,

Just as an engineer applies a limited number of basic and immutable principles
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(vheel, pulley, internal combustion, jet propulsion, etc.) to ¢onstruct
a large variety of useful machines, so too, the plammer constructs from
his own mechanical principles a large number of machines (models) for
specific uses.

We have seen that this growth philosophy leads to an epistemology
which views additions to knowledge as building more parts into the models
so that the machine more fully simulates economic reality., Thils apprgach
reaches its epitome in the optimizing and simulation models (discussed in
Section 4.6) where the machines include literally hundreds, or aven
thousands, of parts. We have noted that these models are not designed to
analyze reality through reasoning about rules of growth. They do not
provide a selective viewpoint to assist in classifying essential and
non~essential forces affecting the operation of the economy. Such models
are not, therefore, instruments for analysis; they become meaningful only
when data are collected and fed into the "machine." They are intended to
be meaningful only in terms of reproducing "reality" in the laboratory in
order to produce policy results, It is for precisely this reason that the
planning school is conspicuous in itg preoccupation with masses of statistical
data.

The operational implications of this mechanistic growth philosophy
and its associated view of knowledge are clear. The conception of growth

as a mechanical functioning of a large number of parts leads directly to a
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34
technocratie appreach to social policy. — The function of the expert

becomes a matter of.selecting, assembling, and properly operating the
machine (model) which will guide the growth of the economy.

We now raise the question of how planners evolved such a mechanistic
growth philosophy. The answer, we believe, lies in the planners' total and
indiscriminate acceptance of behavioristic assumptions from virtually all
other branches of economics, We have mentionad earilier that plammers have
drawvmn their bshavioristic assumptions from such diverse brancheg as input=
output economles, Keynesian economics, and economic dynamics. This
eclecticism served to provide the mechanistic core of principles essential
to thelr mechanistic growth philogophy, while this view of the growth process
was invented by planners themselves. This pavadox arises from the fact that
the behavioristic assumptions used by planners were borrowed from branches
of economics which have little relevance to growth. Hence plammers have
not taken over the social problems Ffor which the behavioristic assumptions
were originally designed, but merely the mechanical relationships. Given
the multiplicity of enltural oxrigins of these pieces, it is inevitable that
the individual mechanical parts, rather than the whole, beccme the nub of

the growth process in the planners'! view.

34Websters New International Dictionary, Second Edition, Unabridged

(Springfield, Mass.: G. and C. Merriam Co., 1958) defines technocracy as
Bogvernment or management of the whole of society by technical experts or
in accordance with principles established by technicilang.”
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This is tantamount to arguing that the planners'! mechanistic
view of economic growth is a new departure, quite alien to the traditional
approaches adopted by other economists. In its undue emphasis on the
mechanical parts, the planning school's growth philesophy contrasts sharply
with the holistic view of the historical approach to growth. The historian's
emphasis upon the significance of a total cultural system in which the
economy is imbedded, and its evolution through historieal time, are
irrelevant in the plamning school's formal analysis. The conception of
contemporary eccnomic developﬁent, for example, as a unique epoch charac-
terized by a particular set of growth forces, has no place in the plamners?®
approach. We now see, therefore, that the emphasis upon quantifiable,
mechanistic relationships leads to the planoing school's exclusive focus
upon resource utilization. Avoiding 2 holistic view of the development
process, plamners concentrate upon the resources aspect of growth by
formalistic manipulation of quantitative techniques. We now briefly
evaluate the relative strengths and weaknesses of this unique approach to

growth and development,

5.2 Stxengrha in t@g Planning Approach

The methodology developed by the planning school reflecting the
particular growth outlook just described, hag been widely accepted for
plamning in less=developed countries, The current popularity of this
approach is based upon three elements which represent positive gontributicns

to development economics, The first and major strength in the planning
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approach lies in emphasis upon a gemeral eguilibrium framework for the
economy as a whole, This emphasis assures a professional economics view-
point since the essence of professionalism in economics 1s an appreoach
embracing the economy as a whole rather than preoccupation with its discrete
parts. The planners' general equilibrium emphasis is clearly shown in the
national income accounting systems (presented in Section 1) which we have
used to examine their methodology. We have geen that both the aggregated
and disaggregated models involve the entire economy, It is this general
socigl scope which constitutes the basic merit of the planning school's
approach to development.

While the general equilibrium theory has been of interest to
economists for several years, the second strength in the plamning approach,
empiricism with pumerical emphasis, is more recent in origin, and is
assoclated with rhe rise of imputwoutput economics. Planners have played
an important part in advaneing acceptance of this new empiricism in less-
developed countries., Our survey of planning methodology has shown a very
strong emphasis on factual data of the type subject to numerical measurement,
Systematic and large scale statistical work is frequently esseuntial to the
very usefulness of the planning model. Almost without exception, the bagic
criterion dn judging the suitability of 2 plamning model is its capacity
for statistical implementation.

The third element of strength is found in the planning school's
policy consciousness., This stress on policy relevance takes a very

pragmatic form in planning models, Policy advice is provided in numerical
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terms, as, for example, in the formulation of a development plan whose
projections for the future are cast in actual dollar and cents terms, Thus
the planner can provide very concrete answers to the decisions confronting
policy makers. We have seen in our gurvey that planners frequently carry
this numerical policy orientation to the extreme, seeking to obtain numerical
answers at all costs.

In summary, the strength of the planning school lies in its
ewphasis upon providing numerical policy advice concerning resource utiliza-
tion problems on an economy-wide basis. The future promise of this school
and its potential long-run significance, however, is found in the experi-
mental spirit characterizing its methodology and in the accumulation of
factual knowledge through emphasis upon statisticsl data. It is only
through refinement of such an approach that economists can learn more about

empirical reality,

5.3 Ueaknesses in the Planning Aggroach

The limitations of the planning approach all stem from tha highly
mechanistic growth outlook of this school. The most apparent and serious
weakness is that this mechanistic view of the growth process is devoid of
historical connotation. The absenece of a holistic perspective and the
preoccupation with mechanical parts of the economlc system is injmicsl to
understanding the process of growth and development, Understanding of this
process requires the historian's perspective of the economy-was z living
and evolving whole rather than as a simulated mechanism composed of

individual wechanical parts.
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The mechanistic growth philosophy of this school is also

reflected in the abgence of growth and development theory in the planners!

works, It is in this sense that we have earlier described the planning
approach as positivistic, Despite. the weight of traditional economic

concern with generalization and theory, the planning school has been content
to merely select individual components of received theories to provide the
mechanisms needed to apply their models, In concentrating on the pragmatic
aspecté of special cases, planners ignére the accumulation and transferability
of knowledge about economic growth. )

In practical terms, thelr growth philosophy restricts the scope
of planners to the narrow aspect of resource allocation. The corollary
procedure of neglecting phenomena not amemable to Quantitative manipulation
rules out many important growth forces. This narrowness precludes
investigation of a whole complex of fgctors related to the central issue
of “how growth comes about," For insights Into these breader issues,
therefore, we must xely upon the much wider range of human experience
covered by the institutional scﬁool and the time perspective offered by
the historical approach. We shall gses in the next chapter that in both
classical and contemporary growth theory significant efforts have been
made to grapple with the much wider range of phenomensg bearing upon
economiec growth and development,

This aversion to wide~ranging theoretical inquiry gives planning

methodology a rather naive and gimplistie character., We have shown that

behavioristic assumptions are taken from other branches of economics and
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used out of context, with excegsive faith in their imuutability and
universality, While general equilibrium theory is the most difficult of
economic theoriles, and particularly intractable to satisfactory statistical
implementation, planners attempt to accomplish this difficult task by rather
uncritical application of these diverse behavioristic assumptions. We have
seen that heavy doses of improvisation are required for this purpose and
that little restraint is exercised in the planner's preoccupation to mske a
general equilibrium model operational.

Despite the empirical bent and data consciousness marking this

school, we have noted an ironic aversion to deal with historical reality.

We have found this feature of the plamning approach to be associated with
the planners'! penchant to produce concrete policy results., This overriding

preoccupation gives the planners' work a forward-looking character, an

emphasis upon what should be done in the future while largely ignoring

what has transpired in the past and why., 1In Section 4 we observed that
planning models incre;singly reflect this pelicy orientation, being designed
to yield policy conclusions ;ather than to assist in understanding reality;
This prescriptive emphasis is particularly evident in the case of the
optimization models reviewed and in the xecent evolution of simulation

techniques.

5.4 Relevance to Our Work

Several aspects of the planning school's approach to growth

and development, which stand out when compared to the other appreaches
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reviewed in this book are significant for the design of our present study.
First, we arc sympathetic with the general equilibrium perspective of the
economy which has been advanced by the work of this schoocl., Second, we
follow the planning school in appreciating the notion of growth typology,
vhich, we believe, lies very much at an Important fromtier in growth
theory. Third, we heartily endorse the empiricism highlighted by the
planning approach, The impetus to development regearch in an indﬁétive
spirit has had an jmportant influence upon our own work, We also embrace
the planners' related emphasis upon a quantitative approach. to development,
and much of our work is devoted to an attempt to mgke statistical data
relevant to our theoretical analysis., Finally, we see considerable value
in the planners' stress upon policy results., Thug, despite the critical
tone of some parts of the survey of this school, we find much that is unseful
and relevant for the study of economic growth,

Our major difference from the planning approach 1s our rejection
of the planners mechanistic view of the growth process in its manifestations
as a philosophy of growth as well as its epistemological implications.
We also find the forward-looking bias of this school irrelevant to the
study of growth as a historical phenomenon. Our study, therefore, draws
upon the historical and institutional approaches (discussed in earlier
chapters) to provide us with a perspective for investigating the problgm
of how growth came about and proceeded during the post-war time perspective.

We return to a discussion of our own analytical framework in Chapter 6.
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APPENDIX 70 SECTION 1.3

It is our purpose to prove the necessary condition of Theormn(i{)

in the text. The theorem to be proved may be restated as follows:

Theorem: Let G be a connected linear graph and let X be a subset of

edges of G forming 2 set of exogenous variables. Then X is a

basic edge set.

If we denote the set of edges of G which is not in X by G-X, it is our
purpose to prove that G-X is a maximum tree. Suppose the theorem is false;
i.e., suppose G-X is not a maximum tree of G. Then either G~X is not
circle-free or G-X is circle-free. These two cases may be investigated

separately.

Case 13 G-X is not circle-free., In this case, the endogenous varizables

contain a circle C. Accorxding to the definition of a "circle,"
the edges of ¢ can be classified into two classes ¢t and C-
(one may be empty) such that a ecircuit can be formed when the
direction of all edges in C™ is vreversad. Letting k # o be aﬁ&
number, we can construct a square table B by:

i)} assigning the value "k" to every cell of B corresponding
to an edge of C.

i1) assigning the value "=k'" to every cell of B corresponding
to an edge of C~,

Al



Case 23

Then B is a balanced table. Since X contains a set of exogenous
variables, we can assign a particular set of arbitrary values to
all variables in X and determine a set of values for the
endogenous variables in G-X. These values then form a balanced
table (i.e., Euler graph) J, by definition. Notice that B + J
is also a balanced table in which the values of éhe exogenous
variables (X) are the same as those in J. Thisg proves that the
values of the endogenous variables cannot be determined uniquely
by the accounting equation (i.e., by the requirement that an

Euler graph be formed).

G-X is circle-free, This implies that G-X is either not

connected or not maximum in G. In this case, it is easy to see
that we can take some (at least one) edge(s) from X which, when
added to G¢-%, would have converted the latter into a maximum

tree of G. Thus, according to the sufficient condition of
Theoren (}E) (proved in the text), a proper subset of X constitutes
a set of exogenous variables., This implies that arbitrary values

cannot be assigned to all values of X to form an Euler graph. QED.
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