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ABSTRACT

This study investigates the process of economic
growth that is now being experienced by poor countries and
pays special attention to the phenomenon of urbanization. A
non-linear, three'sector, two region wage and price endogenous
dynamic general equilibrium model (called DYNURB) is developed.
Agriculture is based entirely in the rural region with industry
and services in the urban region. The special features of
DYNURB include the explicit specification of the service sector
(usually neglected in such studies), of transportation and of
biased technical change in each secfor. Labor and capital are
mobile between sectors and regions and earn their marginal
product. There is no unemployment of factors. International
trade is neglected so the model depicts a large closed economy
and is tuned and validated with Indian data. |

DYNURB is tuned for India in 1951 and simulated to 1984 —-
for 33 years. It traces actual Indian development remarkably
well despite its theoretical purity in structure. Simulation
results are compared with actual growth in output; trends in
population and urbanization; changes in sectoral output and
labor shares; the rate of 'capital accumulation; behavior of prices
ard wages; technical change and sources of growth. The simu-
lation shows that the transfer of labor from rural to urban
areas is as much to service sector occupations as to industrial

occupations and therefore demonstrates the necessity of studying
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structural change in at least a 3-sector context. It also
highlights the importance of demand in the development process.
Attempts are made to disentangle cause and effect in the
growth process by conducting a host of sensitivity tests with
DYNURB. The model behaves much like a buffalo: not much
happens when parameters are changed within reasonable ranges.
The summary result of the study may be stated thus:
rapid agricultural productivity growth, relatively slow service
productivity growth, high rates of investment and Engel demand
effects combine to produce a continuing increase of urbanization

levels, albeit in a logistic manner, as development proceeds.
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PREFACE

This dissertation is an attempt to bring together a
diverse set of topics which have interested me for a number
of years. As an engineer turned economist, the role of
technical change in economic development has been something
which has always intrigued me. My work (with Robert Evenson)
on the productivity of research and extension in agriculture
in India reflects this interest. Recently, I have been more
concerned with problems of cities. So this study was ori-
ginally motivated by the question: "Are cities a necessary
concomitant of economic growth?" It has ended up being a
more general development study though specially concerned
with the phenomenon or urbanization with technical change
thrown in for good measure.

My intellectual debts are many: Lloyd Reynolds
introduced me to development economics; Janos Kornai taught
me a healthy disrespect of "standard neo-classical" economics
before it was too late; Arnold Harberger educated me to
believe that the practice of elegant economics is not neces-
sarily divorced from reality., I am particularly grateful to
Robert Evenson and John Lewis for enabling me to appreciate
various aspects of Indian economic growth and for making possible
various field visits to India. My vague notions of technical change
have been sharpened considerably by Robert Evenson, as has

my ability to digest numbers and to appreciate the complexity
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of agricultural production. Edwin Mills bears the responsi-
bility for introducing me to cities and then inspiring this
dissertation by asking the question, "Is there a limit to
urbanization?" Sherman Robinson is equally responsible for
this dissertation by making me believe that computers are
there to be used. I bear a special debt of gratitude to
both of them for giving me their time generously much beyond
the call of duty and encouraging me at many low times in the
process of this work. Thanks are also due to Kemal Dervis
for reading the thesis carefully and providing useful comments.
My intellectual debt to him is obvious in the text.

Suman Bery is responsible for careful and remarkably
quick editing and proof-reading -~ as well as for any re-
maining errors. The support and fri~ndship as well as the
provocative intellectual stimulation of Surjit Bhalla and
Clas Wihlborg made the four years at Princeton seem somewhat
less.

The ambience of the Elm Club did much to expedite the
production of this thesis and all other work I did at Princeton.
Thanks are due to Mrs. Dorothy Rieger and Gerri Kavanagh for
helping in this.

Finally, I have been amazed by the skill, diligence
and speed of Betty Kaminski in typing the manuscript and
assisting in its production. I must bear responsibility for

ruining many of her weekends. She has been assisted ably by
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Jeanne Carluqci. I am grateful to both for making possible
a relatively quick ending to this whole endeavor.
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from the Sloan Foﬁndatioﬂ and from the Income Distribution
Project of the Research Program in Development Studies at
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1. Introduction: Urbanization in the Context of Economic
: Development.

This work was begun with the objective of studying
the process of urbanization and to probe the structural
causes thereof. Urbanization has been a process experienced
to some degree by almost all countries but is still not
well understood. It has been more pronounced during the
last century and a half - during the period that Kuznets
has aptly dubbed the era of 'modern economic growth'.

The process has intensified in more recent times. Thus
urbanization is thought to be inextricably linked with the
structural changes that accompany economic development.
This study seeks to illuminate these links. The primary
purpose ‘0of constructing the model developed here was to
explore the urbanization process occurring in an economy
over time. In fact, urbanization emerges more as a by-
product rather than as the central theme of the model. The
study has therefore become more of an inquiry into the
development process as a whole rather than a special study
of urbanization.

Economists have yet to develop specific ideas on
what makes particular economic activities characteristically
urban, except for the association of agriculture with rural
areas and industry with urban areas. Despite the diffi-

culties of qrafting spatial concerns onto economic models,
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one is still forced to resort to familiar economic growth
and developﬁent stylizations. This is done with knowledge
that severe compromises will be required to squeeze the
phenomenon of urbanization out of such models. These
methodological antecedents are presented in the next
chapter while these introductory remarks are more concerned
with urbanization per se, and with the approaches
traditionally adeopted to study it. Urbanization has re-
ceived an increased degree of attention from governments
and other policy makers in recent years. The reason for
this concern is the extremely rapid rate of urbanization
that occurred in most parts of the world over the last
thirty years. In particular, the growth rate of many
Latin American, African and some Asian cities has been truly
explosive. The populations of most cities in less
developed countries (LDCs) have been growing at the rate of
3 to 7 percent per year. Even during the period of rapid
urbanization in Europe, rates of population growth in
cities were on the order of 1 to 2.5 percent per year. It
is then not surprising that the current phenomenon of
rapid urbanization is viewed with some trepidation.

Before proceeding further, a distinction'must be
drawn between the growth of large cities and that of
urbanization as a whole. Much of the present concern is

focused on the problems arising from the rapid growth
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of large cities. This study, however, is not concerned
with these problems and views urbanization merely as the
shift of people from rural to urban areas in general. The
level of urbanization is then the proportion of urban
population in total population. Its rate of growth is the
growth of this proportion. The growth rate of urban
population then indicates the growth of urbanization only
when it is greater than overall population growth. What
is sought tc be studied here therefore is the long-term
process in which there is a shift of people from rural
habitation to urban habitation ard the structural causes
thereof.

As documented by Brian J.L. Berry (1973), although
cities have always existed, their growth rate must have
been extremely small until thz industrial revolution. The
current pattern of habitation in developed countries, where
a larger proportion of people live in urban areas than in
rural areas, is a pattern which is historically unprece-
dented. Surprisingly, there have been relatively few
studies of the causes of urbanization and there is little
agreement on the nature of the relationship between levels

of development and urbanization.
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Attempts have been made to associate levels of
industrializdtion (percent of labor force in industry or
share of industrial product) and urbanization. Hoselitz
(1957) set off a debate by asserting that many LDCs are
currently "over-urbanized' since they have smaller propor-
tions of labor force in industry than was the case in European
countries in the last century when they were at similar levels
of urbanization. In so doing, Hoselitz implicitly asserts a
linear relationship between the levels of industrialization
and urbanization. The other conseguence of his assertion is
that current urbanization is being caused more by rural rush
rather than urban pull. Sovaai (1962) and Kamerschen (1969)
have both questioned this implication and have found little
correlation between levels of urbanization and indices cf
rural push. In refuting his over-urbanization thesis, they
separately find that the levels of urbanization and industriali-
zation are more closely correlated in LDCs now and in rich

countries in the last century, than in rich countries now.

These studies have been valuable in providing some
insights into the related phenomena of economic aevelop-
ment, industrialization and urbanization but the basic
assumptions of their methodology need to be guestioned. Urbani-
zation is essentially a dynamic phenomenon. Thus, if there is
a connection between industrialization, development and urbani-
zation, it should ideally be studied in a dynamic framework within

the context of one system. Doing a cross-country analysis - as
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was done by Hoselitz (1957) and Davis and Golden (1954) --
involves the assumption that the current cross-section of
differei.t levels of development replicates the historical
process of the system under investigation. An associated
problem with such cross-section analysis is that political
entities, i.e. nation-states are usually taken as the appro-
priate data points. Thus a country as large as India is one

data point as is a country as small as Kuwait. The implicit

assumption is then that nation states form self-contained economic
geographical systems. This may not be the case at all except in
large systems such as Brazil, the United States, Russia, China and

India. Such analysis would be improved if attempts were made

to group together certain sets of geographically contiguous
countries which can then more reasonably be regarded as self-
contained systems. A third problem with cross-section

analysis is that linear relations of some kind are usually
posited -- particularly if linear regression analysis is used.
If, however, (a) the relationship between industrialization

and urbanization is non-linear ané (b) the trend of urbani-
zation in a system is non-linear, e.g. logistic, linear analysis
clearly gives misleading results. Since there is a logical
limit (100 percent) to the level of urbanization, its trend of
growth is likely to be asymptotic and probably logistic like many
other growth series (Price, 1975). If this is the case, it is
not surprising that Kamerschen finds that the level of corre-
lation between industrialization and urbanization is low for

rich countries now.
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The fourth problem is a consequence of the assumption
that the historical process can be captured by observing co-
existing different levels now. This implies that the process
undergone in the last century was similar to that now. That
this may be erroneous and that the current LDC experience is
quite different,’needs some elaboration. A primary factor is
that the overall population growth rate is much higher than
ever before. The growth raﬁe of cities is high without migra-
tion. Technical change‘in agriculture which raises farm pro-
ductivity has to provide for the growing rural population in
addition to the burgeoning urban population. In times when
overall population growth rates were less than 0.5 percent,

a 3 percent growth in agricultural productivity was tremendous.
The second major difference from the European experience is

the coeéistence of high and low technology in LDC cities. High
population growth and technological growth makes it possible
to have cities with a multimillion population at low levels of
income. This was just not possible in the last century. The
sewage disposal, water supply and transport problems of a

city of 8 million are qualitatively different from those of a
city of half a million, which was the size of major Western
cities at similar income levels. The third majqr difference
may be the decline in relative prices of transportation and
communication - There are, therefore, reasonable a priori

expectations that the current urbanization experience of LDCs

may well be different from the historical European experience.
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The foregoing is an attempt to show that cross
section cross-country analyses of urbanization though valuable
in themselves are not like to yield the causes of urbaniz-

ation.

Ih a recent paper, Pandef.(1977) atteméts to overcome
some of these shortcomings by studying Indian urbanization
and regarding its 18 states as data points. He refutes the
rural pressure theory; £finds that industrialization alone ex-
plains about half the variation in urbanization between the
states; and that urbanization has a high negative association
with technical change in agriculture. The last result is
somewhat surprising but his study also suffers from some of
the shortcomings outlined above. Regarding Indian states as
self-contained units with no interaction between them is even
less justified than considering a cross-section of different
countries.l Secondly, he only looks at the 1971 census and
is therefore looking at a static cross-section while attempting
to explain a dynamic phenomenon. He does eliminate intercul-
tural and other systemic differences by considering the
Indian experience only.

The contention of this study is that explanations of

long-term trends of urbanization and of its ralationship with

lSee, Mohan (1974), for one method of dealing with inter-state
interactions -- but in the context of agricultural productivity
differences.
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economic development and industrialization will more likely
be found if the performance of a system is studied over time.

The ideal way of doing this would be:

i) to catalogue the different sets of activities which
take place in urban and rural areas.

ii) to investigate if there are underlying differences
in the conduct of these activities. One example
of "underlying differences"is the existence of
different production functions in urban and rural
areas.

iii) to identify the above differences and model the
production structure of each area.

iv) to model the demand side of the economy and devise
methods for achieving a static equilibrium (or rules
for existence of disequilibrium).

v) to model the growth of the economy, i.e. find rules
for investment, population growth, etc.

vi) Simulate the system thus created and investigate
the effects of different assumptions on urbanization.

Before discussing the feasibility of doing such an
investigation, the implications of such a scheme need to be

spelled out:

(a) Urbanization is being regarded as primarily an

. 1
economic process;

(b) It is being seen as an integral part of the development
process. Thus the process of urbanization is seen
as a result of the interaction of a set of complex
forces in a general equilibrium (or general dis-

equilibrium) framework.

lSee B.J.L. Berry (1973) for "non-economic" reasons for
existence of cities in "pre-industrial" times.

E
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The causes of urbanization being sought are therefore
not regarded as being simple. The answer is expected to be
the type: A, B, C, D, E, etc. interact together in certain
constellations to produce an X 1level of urbanization; rather
than A produces X (e.g., rural pressure produces

urbanization).

(c) While the schema may be general enough to be applied
to different systems, it is not expected that specific
levels of appropriate urbanization can be prescribed
for each level of industrialization or development.
There can, however, be notions of appropriate levels
within the context of specific systems.

In the schema given above, (i) and (ii) are the most
difficult since they involve the interaction of spatial and
production theory. 1In this study, it is assumed that indus-
trial and service activities are exclusively based in urban
areas and agricultural activities in rural areas. Each activity
has a different production function in accordance with (iii)
above, so a sharp distinction is made between the patterns of
urban and rural production activities. Chapter 3 gives some
justification for these choices. It is, however, recognized
that this study fails as most others, to supply answers to the
question: Why do industrial and service activitiés pPrimarily
base themselves:in urban areas? The study does advance under-
standing of urbanization by considering the service sector
explicitly and getting away from the industrialization emphasis

of many past studies of urbanization. This may bé regarded as

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



10

one of the major differences between the urbanization phenomena

of the last century and the current LDC experience.

Plan of the Study

The next chapter provides the antecedents of the model
that is developed in this study. Chapter 3 specifies all
the relations used in the model and justifications for each.
Chapter 4 cdescribes the solution procedure used and the
choice of parameters and initial conditions. Chapter 5

presents the results of the simulation of the model and

. validates its usefulness by comparing its results with actual

magnitudes for India. Chapter 6 reports the results of
sensivitity tests giving insights into the processes or
urbanization development. Chapter 7 presents the main con-
clusions of the study and its shortcomings and suggests how

some of these may be removed.
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2. Genesis of the Model

The model developed in this study is a non-linear,
three-sector, two-region, wage and price endogenous dynamic

general equilibrium model (henceforth called DYNURB). The

three sectors are agriculture, industry and services, with
[ agriculture being exlusively based in rural areas and the
other two exclusively in urban areas. Consumption of all
three goods takes place in both regions and capital and
labour are mobile between sectors and regions. Transporta-
tion is an intermediate good which is used whenever goods are
transferred across regions. The special features of the model
include the specification of transportation and that of a
service sector =- which is characteristically neglected in
most such models. Particular attention is paid to the speci-
fication of technical change which is seen as primarily
capital and labour augmenting. The model also allows for
completely exogenous (or 'manna from heaven' type) technical
change. The model neglects international trade and can
therefore be seen to depict a large economy in which trade
is unimportant. India is an obvious example and the model
is tuned and validated with Indian data. The mathematical
formulation of the model is given in the next chapter.

This chapter reviews some of the literature that has
influenced this model and isolates those features which assist
in an understanding of the structural forces underlying urbani-

zation. The review is organized according to the following
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topics:

a;' Economy wide models relevant to this study.

b. Studies of the service sector.

c. Concepts of technical change and their formulation.

In reviewing the economic growth/development
literature, a curious dichotomy is found in models that
explain or trace structural changes in economies over time.
On the one hand, there are the highly stylized one and two
sector models and on the other, there are the detailed multi-
sector models of the planning variety. While the variety
within these is immense -- some of which will be described
shortly -- there appears to be little in terms of size between
these two classes. Though it is surprising that there has not‘
been much investigation in this respect, there are good reasons
for it. The smaller models are primarily intended to provide

basic analytical insights. Mathematically, it becomes diffi-

cult to derive analytical results as socon as two-sectors are
increased into three. Thus three sectors are often regarded
as equivalent to 'n'. The large models have derived from
the practical planning concerns of the centrally planned
economies, and more lately, of the less developed economies.
Given their interest in practicality, the number of sectors
has to be large to give any results that are reievant for

policy implementation.

It may be stated at the outset, that the model developed

here bears the most resemblance to the work of Kelley, William-

>

son and Cheetham (1972) (henceforth referred to as KWC) and
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Kelley and Williamson (1974) (referred to as KW2). It is
also related to Yamaguchi (1973) on the one hand, and in
its computation and modelling philoscphy, to Johansen
(1974) , Adelman and Robinson (1976) . Dervis (1973) and

Fakhruddin Ahmed (1974).

2.1 Economy Wide Models

The approaches of this study were foreseen in large
part by earlier non-mathematical theorists. Prominent
among three sector analyses, were those by (as reported
by Johansen (1974)), Colin Clark (1951), Allan G. B. Fisher
(1935), S.G. Triantis (1954) and Harvey Leibenstein (1957).

Johansen relates their main conclusion to be:

"_..that which is shown by careful generalization

of available facts to be the most important con-
comitant of economic progress, namely the movement

of working population from agriculture to manufacture
and from manufacture to commerce and services”
(Johansen (1974) p. 9).

(quoting Colin Clark (1951) p. 395)

This is borne out by this study except for the
progression from agriculture to manufacture to services.
The processes described here involve labour transfers from
agriculture to manufacture and services simultaneously.

Colin Clark predicted that the terms of trade of

primary industries vis-a-vis other industries would tend to
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improve, whereas he saw no reason to expect great changes
in relative price between the products of secondary and
tertiary industries. This is another result which this

study confirms.

Among the main assumptions used to explain the struc-
tural changes between the three sectors were (as related by

Johansen (1974):

1. Income elasticity of demand for primary goods is
low as compared with secondary and tertiary goods,
that for the last, being the highest. This is
built into DYNURB's demand system but with in-
come elasticities being the same for secondary

and tertiary goods.

2. Primary, Secondary and Tertiary production are
not equally capital intensive, with tertiary
production requiring the least and secondary pro-
duction requiring the most capital. This is not
supported by empirical evidence: the tertiary
sector could indeed be the most capital intensive.

3. The rate of technical progress in the tertiary
sector is slow relative to the other sectors. This

study utilizes this assumption.

4. The input-output structure requires secondary
industries to take large intermediate inputs and
the tertiary sectors thelleast. Moét input-output
tables bear this out.

These comments indicate the extent of intuition and

observation used by early analysts. A study such as this
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serves to confirm many of their assumptions and conclusions
while giving them a more precise theoretical basis in the

shape of a mathematical model.

2.11 Two Sector Models

The vast dual economy literature spawned by the
seminal work of W. Arthur Lewis (1954) is reviewed exhaus-
tively and competently by Kelley, Williamson and Cheetham
(1972), and thus need not be repeated here. DYNURB 1is
clearly in the dual economy tradition in that it has two
regions where people behave differently. Wages in 1DYNURB,
however, are determined as labour's marginal product.
There is no surplus labour but there is a structural dif-
ference between urban and rural wages which is never narrowed.

Urban and rural consumers have different demand functions.

The Kellev-Williamson-Cheetham Model (1972)

KWC combine growth theory, general equilibrium
analysis and gquantitative economic history to develop a dual
economy model. They attempt to simulate the Japanese economy
in the period 1880-1915 by way of illustraticn. Their model
is an agriculture-nonagriculture model though it is often

left unclear whether non-agriculture refers only to manufacturing
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or to all of non-agriculture. The main features of their

model are noted below: (a summary of the KWC model is

presented in Table 2.1).

i)

ii)

iii)

iv)

v)

Production: The KWC model employs constant elasticity of
substitution (CES) production functions in both .

sectors with the elasticity (o) assumed to be
less than unity in industry and more than unity
in agriculture. There is no land in the produc-
tion of agriculture. A later version (Kelley
and Williamson (1974) - KW2) includes land as a
factor but the production function used is then
Cobb-Douglas. The technology is labour saving
in industry and labour using in agriculture.

Demand: The KWC model uses the Stone Linear Expenditure
System with different parameters for urban and
rural consumers. A minimum amount of food is
assumed to be consumed before income is allo-
cated to other goods.

Technical Change: All technical change is factor

augmenting and both capital and labour are homo-
geneous across sectors. Thus the rate of factor
augmentation is the same in both sectors.

Savings: A classical savings function is utilized
i.e., only capitalists save. All wage income is

consumed.

Factor Markets: Wages and capital rentals are

fully equalized across sectors. The advanced
disequilibrium version of the same model does

allow for wage differences between the two sectors.
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Table 2.1: Summary of KWC Model
Static Equations
_ Production
| 1. 0.(t) = A dy.(x K (€)1 (1-v.) (vL, (£) %) "/}
S | itYi i i Wby
Worker and Capitalist Demand
i D.. (t)
2. 17 _ _ s
D,.(t) B..
23 7 - 2] (3 - =
3. Lj(t) 5 () (y w(t) Y) Bij + sz 1
4. Cl(t) = Bll(l-s) r(t) xK + (l—Bll)Y
5 C,(t) = Egl— {(l=-s) r(t) x K - Y}
. 2 p(t)
6. I(t) = 5. x K r(t)
: P(t)
Factor Demand
7. w,(t) = Fr W. =W
: 1 L 1 2
8. w,(t) = P(t) F
‘ 2 L
9. r.(t) = Fx r.=r
: 1 K 1 2
10 (t) = pP(t) F2
S = %

17

i=1,2



Table 2.1 (cont)

Employment

W

11. K Kl(t) + Kz(t)

12. L

Ll(t) + L2(t)

Market Balancing

13. Xl(t) = Dll(t) + DlZ(t) + Cl(t)

14. X2(t)

D,y (£) + Dy, (£) + Cy (k)

Q4 (t) - output
K, (£) . = capital
L, (£) - labour force,
wi(t) - wage rate
ri(t) - rental of capital
P(t) - relative price of industrial goods
Dij(t) - workers demand for good 1 1in sector j
Ci(t) - capitalists demand for good i
I(t) - gross investments.
i =1 - industry/urban
i =2 =~ agriculture/rural.

Dynamic Equations
t

A
x(t) = x e K
© t
AL,
e

capital augmentation rate

y(t) = vy labour augmentation rate

o

A
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Table 2.1 (cont)

I(t) - 8K(t)

% (£)

L(t) fng u(e) + np(l - ae)]

au - 1level of urbanization

n, - rate of urban patural populatiop growth rate
n, - rural natural population growth rate

§ - rate of capital depreciation

I - investment.
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The KWC model is really an elaboration of the
Jorgenson'(l961) dual economy model. The difference is
mainly a) that capital is allowed as an input in agricul-
ture and the C.E.S. production function is used and Db) that
consumers are divided into capitalists and workers.

While the KWC model is probably the most carefully
formulated two-sector dual economy model, it suffers from

_ a number of shortcomings which DYNURB is designed to

overcome:

i. In studying structural changes over time and
urbanization in particular, regarding the non-
agriculture sector to be exclusively industrial
masks much of the structural change taking place.
I+ is the contention of this study that it is

essential to take account of the service sector

when investigating such changes. Thus DYNURB

has 3 sectors while maintaining the dual economy

tradition in two regions.

ii. XWC do not distinguish between population and
labour force. While this does not affect the
supply side, it does distort the demand side
since people outside the labour force do demand
products. This is particularly important in con-
sidering the subsistence good component in the
KWC demand system. Differing labour
force and population growth rates cannot be taken
account of. DYNURB distinguishes population
from labour force by postulating a worker parti-
cipation ratio (WPR). Since this is kept constant,

labour and population growth rates are the same in
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DYNURB too. However, this can easily be modified
bf'making WPR time variant. This has not been
done in this study because a more elaborate popu-
lation sub-model is planned for a later version

of DYNURB.

iii. XWC equalize wages and rents among sectors.
Wageé are always higher in urban relative to
rural areas and that there is no tendency for
this gap to be narrow. Data on capital rents
are less easy to interpret. DYNURB allows
fixed sector wage and rent differentials

although rents are equalized in its simulation.

iv. KWC do not allow wage earners to save.
Although a;higher proportion of income
from capital is saved than that from labour
(e.g., in Houthakker (1965)), the large pro-
portion of self employed in poor countries makes
this distinction less valid. This’is particularly
important in the large agricultural sector.
DYNURB allows both workers and capitalists to
save and at different rates in different sectors.
In the simulation, however, workers and capitalists

save equally.
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v. KWC assume that the rate of factor augmentation
ié the same in both sectors. This is unreasonable
since the evidence suggests that, for example, the
education level of the labour force changes at
different rates in the urban and rural sectors.
This is something of a conundrum since the assump-
tion of a homogeneous labour force requires that it
augment itself at the same rate in both sectors.

One solution is to distinguish between different

skills in the labour force -- as done by Adelman

and Robinson (1976). This, however, complicates

the model and is really not necessary at the present level
of aggregation. DYNURB allows for different rates

of factor augmentation and suggests an interpre-
tation consistent with the factor homogeneity

assumption.

vi. KWC omit land in the production of agriculture.
It is difficult to understand how they can maintain
this along with the assumption that capital goods
are produced in the industrial sector only. Land
cannot then be subsumed under capital. KW2 rectifies
this of course but then uses a Cobb-Douglas production
function for agriculture. DYNURB includes land and

% livestock in the agriculture production function

which is specified as a variant of the C.E.S. and

Cobb-Douglas functions.

p
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vii. KWC do not allow for intermediate goods. This can
be justified in a completely dual economy but not
in an economy undergoing rapid development where
the input-output matrix becomes more dense and

therefore has an effect on the production structure.

viii. One last criticism of KWC is less avshortcoming of
the model but more of its use in simulation. KWC
simulate their model for 50 years and for an economy with
a rapid rate of growth. It is unreasonable to ex-
pect constant parameters to be valid for as long
a period and particularly in a rapidly growing
economy. This, of course, is a problem common to
all simulation models limiting their usefulness.
DYNURB suffers from the same problem but is not

simulated for more than 35 years.

Thus, while DYNURB derives its basic structure from
KWC, it attempts to improve on their model -- in particular,

to study the trend of urbanization in a low income economy.
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The Yamaguchi Model (Yamaguchi, 1973)

Mitoshi Yamaguchi (1973, 1974) and
Yamaguchi and Hans Binswanger (1974, 1975) (Y and B)
develop a model to study the long term history of
the Japanese economy from 1880 to 1965.  (The
model is summarized in Table 2.2). Their main

criticisms of KWC are

i) the failure in KWC to distinguish between
population and labour force;

ii) the augmentation of capital and labour
at the same rate in both sectors.
This makes it impossible to measure the
effect of technical change in agricul-
ture on the rest of the economy;

iii) the egqualization of rents and wages across

sectors which is contrary to evidence.

The objectives of Y and B are somewhat different.
Their model is not primarily a simulation model

and not really a theoretical tool. They are much
more interested in tracing Japanese economic history

from 1880 to 1965 and particularly in investigating
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the effects of population growth and technical change
on real inéome growth. They do this by estimating
parameters for every decade and run the model on these
parameters. As Table 2.2 indicates, the following

are the main exogenous variables:

i) rate of technical change in each sector
ii) rate of population growth
iii) rate of labour force growth

iv) rate of total capital formulation.
The following variables are then determined endogenously.

i) real per capita income
ii) total labour and capital in each sector
iii) terms of trade.

Thus, Y and B meet their main criticism (i), (ii),
outlined above, by making labour force and population grow
diéferently according to estimated real rates; by making
technical change different in each sector, again exogenously.
While they allow for non-equalization of wages and rentals in
their theoretical model, they equalize them in their empirical
work.

The Y and B model is rather simple but adequate
for its concerns. By using Cobb-Douglas production functions
and a log-log demand function, it is a linear model, dynamically.
Thus, as outlined in Table 2.2, it can be run over time very

simply to isolate the effects of changes in each exogenous
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é Table 2.2: Summary of Yamaguchi Model

The Static Model

Production
a; By
(1) Qi = TiLi Ki i=1,2
1. Agriculture 2 - non ag
(2) L = Ll + Lz
K = Kl + KZ
Factor Markets
Q;
(3) wi = Qo Pl i i=1,2
i
Qi .
(4) ri =8 Pl K_' i=1l,2
i
(5) wy = mow, factor mobility condition
(6) rl = r,

Agric. Demand Function

(7) Qp = a. Pop. g€

(8) P,Q; + P,0, = P' Pop. E

Pi - sectoral output prices, P = Pl/PZ' P' - price level
WX - sectoral wage, rental rates

Ti - sectoral level of technical efficiency

Pop - population

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



27

Table 2.2 (cont)

E - real per capita income

m, - sectoral proportional wage differential
a - ag. demand shifter

n,c - ag. price and income elasticity

ai,Bi -‘output elasticity of labour and capital

The Dynamic Model

The dynamic model can be written

AX = b ’
where
A - 8 x 8, x * 8 x1, b« 8x1
" _ . - - L] - . - .
(x") = (QlszlKHKszllerPrE)

and b has all exogenous parameters, such as:

0 .

a, pop, Tl’ T2, L, X, P .

The inverse of A gives "growth rate multipliers"
for the variables in x. Thus the effects of changes in the

elements in b on the variables in x are found directly.
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variable analytically. It is therefore an appealing
model. As ‘always, this is obtained at a cost of neglect of
some complexity. The use of Cobb-Douglas production functions,
for example, eliminates the possibility of bias in technical
change. One other shortcoming not discussed by Y and B re-
lates to their use of different parameters in every decade.
They do not discuss the effects of these abrﬁpt switches in
parameters on the operation of the model. As mentioned
earlier, a model can be run for as long a period by changing
parameters periodically. This should, however, be done in
some smooth way to eliminate the effects of shocks.

Y and B's main contribution is in the investigation of the effect
of population changé on real per capita income growth and
that oﬁ technical change in agriculture. They conclude that
Japan was fortunate to have low rates of population growth

in the Meiji era. The negative demand effects of population

growth on per capita income always outweigh its positive
effect through the resulting increase in lahocur supzly. DYNURB
tends to confirm this finding. They alsn find that the net
negative effect increases over time. They find that the
effect of technical change in agriculture was very important
in early economic development and less so in later stages.
This is not surprising with the relative increase of the non-
agriculture sector in later stages. Technical change in
agriculture was stable over time while that in non-agriculture

fluctuated significantly.
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One other two sector model worth mentioning here is the
Tolley-Smidt (1964) model. This is reviewed in detail by
Yamaguchi (1975). 1Indeed the Y and B model is derived from
it. It was designed to investigate the effect of technical
change in agriculture on the growth of the U.S. economy from
1930 to 1960. The main difference between the two models is
that everything in Tolley-Smidt is in per capita terms and
the population effect is therefore subtracted out. Moreover,
it is inconsistent in that per capita income is regarded as

exogenous when it really is endogenous to the model.

2.12 Planning Models

Although DYNURB has derived much from the general line of

evolution of multi-sector, economy-wide planning models start-

ing from Johansen (1974)l it needs to be distinguished
sharply in its aims and philosophy. Dervis (1973) provides,
perhaps, the most lucid review of the principles of these

models. It is best to quote his definition:

"...we define as Johansen type models, planning
models that postulate sectoral neo-classical
production functions and price-responsive demand
functions, linked around an input-output matrix in
a Walrasian general equilibrium model that endo-
genously determined gquantities and prices.

A Johansen type model, as defined above, is
determinate and generates a solution without the
need for optimization. Perhaps more correctly,

lJohansen's first model was developed in 1960. 1974 is the
date of a later edition of his book.
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the burden of optimization is placed on the agents of
the system (i.e., firms and households), not on a
central objective function. In Walrasian spirit, these
agents are independently optimizing and this, under the
usual convexity assumptions, is known to imply an
efficient outcome."

(Dervis (1973), p. 15)

According to this definition, DYNURB is a classical

Johansen-type model. However, Dervis continues:

"By operating on pre-determined instrument variables,
the planner can, however, affect the system and steer
it in a desired direction. In general, the system
has the form:

F(y,z) = 0 '

where Y are endogenous and 2 the controllable
variables, with F a vector valued non-linear function."

(Dervis (1973), p. 16)

DYNURB is a positive model in that it has no controllable

variables. It is designed to study the process of economic
development over time in a market economy but has no "policy"
variables. It does, of course, have a vector Z of exogenous
variables but these are interpreted as parameters of the eco-
nomic system and not as controllable variables. This is a
distinction of degree and not of kind. Technically, there is
no difference between an exogenous variable that is control-

able and one that is a parameter. It is a difference in

approach and interpretation. Clearly, one can think of
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government policies which affect the parameters used in
DYNURB. Controllable variables are thought of as more

direct policy variables that governments can manipulate. As

a corollary, one thinks of policy variables in the short term
context and of system parameters in the long term --= though,
as mentioned earlier, the long term cannot be too long: Thus
the maximum time horizon in Johansen-type models is about 10
years. DYNURB is run for 30 years.

An exhaustive review of Johansen-type models and other
planning models is provided by Taylor and Manne (1975) . Here
only Dervis (1973), Adelman and Robinson (1976) and F. Ahmed
(1974) are reviewed since they are Princeton products and

have therefore influenced DYNURB the most.

Dervis " (1973)

Dervis provides the first —-- and perhaps the only --
model which has capital distinguished by sector of origin
and destination and which imposes intertemporal equilibrium
on capital markets. It is a twelve-sector model run for
10 years on Turkish data from 1972 to 198l. It is solved
for inter-termporal equilibrium and therefore has to assume
perfect foresight. It is not decomposable in time and has
to be solved simultaneously for all time periods. Apart
from this major difference, DYNURB is distinguished from

Dervis in the following ways:

i) Dervis uses Cobb-Douglas production functions,
though he does experiment with C.E.S. functions.
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iii)

iv)

V)

vi)

vii)

32

Dervis allows foreign trade -- intermediate goods

and capital goods are linked by fixed coefficients

while consumption goods imports are exogenous.

With 12 sectors and the production of capital

from more than one sector, it is necessary to assume
a fixed composition of capital (and labour) in each
sector. DYNURB has only cne K-good producing sector.

The Demand equations are of the Stone linear expenditure
system but with no subsistence bound ©on consumption.
This makes the income elasticity of demand for all

goods equal to unity.

Wages are equalized across sectors except that there
is a constant rural/urban wage differential -- an
assumption retained in DYNURB. Although wage is
set equal to marginal product in each sector, it

is given exogenously in the initial period and then

made to grow at a given exogenous rate. Wage
determination is completely endogenous in DYNURB.

Dervis allows for capital gains during each period.

Capital grows exogenously at a constant growth rate
specified. This is in lieu of a savings function.
DYNURB has a savings function so capital also grows
endogenously. Since the savings parameter is speci-
fied exogenously, growth of capital cannot be regarded

as completely endogenous.

Thus DYNURB and Dervis differ mainly in the specification
of exogenous growth rates of wages and capital, aside from the
detailed elaboration of the composition of capital. This re-

flects the diffence in approach alluded to earlier. While
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Dervis is interested in investigating the effects of a

central plénning agency manipulating wage rates and capital
growth, DYNURB is a positive model which merely tries to
simulate a developing market economy. Though the Dervis model
is more complex and larger in size, DYNURB is (to use an
Adelman—-Robinson (1976) phrase) "more comprehensive in its

degree of closure", i.e., has more endogenous variables.

Fakhruddin Ahmed (1974)

Ahmed's is also a dynamic general equilibrium multi-

sector nodel with a neoclassical production system as well as a price
responsive demand system. It is developed to investigate and model mi-
gration and employment in Bangladesh and is run over a périod
of ten years =-- 1973 to 1983. The model has 7 sectors and
distinguishes capital by sector of origin. It is solved se-
quentially for every time period and then allowed to grow.
Some of Ahmed's concerns are similar to those of this study.
He is mainly concerned with rural/urban migration and resulting
urban unemployment. While rural/urban labour movements are a
central part of DYNURB, these are viewed as long term movements
and there is no unemployment. Ahmed is interested in short
term disequilibrium phenomena. Other major points of difference

are outlined:
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i) Ahmed uses Cobb-Doublas production functions.

Moreover, he allows each sector to produce in both
regions ~-- rural and urban. This is clearly a more
realistic assumption than the one in DYNURB. Ahmed
also has an underlying input-output intermediate
goods framework.

ii) Labour Market: Ahmed has 2 markets for each factor —--

rural and urban. In the labour market, the rural wage
rate is set equal to labour's marginal product. In
the urban market, wage is fixed exogenously and
labour hired until its marginal product is equal to
the fixed wage rate. This grows at a predetermined

rate. Thus urban unemployment can result.

iii) Capital: As in Dervis, total investment is determined
exogenously and capital grows at a given rate. Capital
is immobile between regions but can move within a
. region. Rentals, however, are not equalized even within
a region. A constant proportion between rates of

return in various sectors is assumed.
iv) Demand: - Ahmed's system is similar to Dervis with
fixed budget shares for each good. The consumption

coefficients are allowed to change over time.

v) Foreign Trade is permitted, but is exogenously

specified.

vi) Migration: Since Ahmed's primary concern is with
migration, he has an explicit migration function.
Migration is a function of the relative difference
between the expected urban wage and the rural wage.
This is distinguished from Harris-Todaro (1970) in

that theirs is a function of the absolute difference
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between the expected urban wage and rural wage.
Migration in DYNURB is determined by the need to
maintain the given urban/rural wage differential.
The net migration resulting is thus a general equil-
ibrium result. The difference, again, is a result
of different time horizons: DYNURB is long term
while Ahmed's model is short term. Ahmed accounts
for time lags in information and does not view
migration as sufficiently gquick to bring about

equilibrium in each period.

As with Dervis, Ahmed's model has somewhat different
objectives from those of DYNURB. It includes many more
realistic assumptions, e.g. differing capital rentals across
sectors, and consequently needs more exogenous information.
It_therefore also departs from more neo-classical general
equilibrium assumptions than Dervis and DYNURB -- in parti-
cular, there are severe restrictions on factor mobility.
Ahmed's model is similar to Dervis in that it also exogen-
ously specifies urban wage rates and capifal levels and

growth -- again a reflection of concern with policy instruments.

Adelman-Robinson (1976) [A-R]

The Adelman-Robinson model is, perhaps, the most disaggregated
and elaborate of the Johansen-type models. Indeed, it
is too complex and large to be adequately reviewed here. Thus
only a few comments of relevance to DYNURB will be offered.

A-R are concerned with the investigation of income distribution
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effects of different development paths. Thus, detailed
specification~is extended to the household sector, the
skill composition of labour and size class of firms.
Moreover, the financial sector is modelled as well. 1In
their basic formuiation, two essential differences stand

out:

i) Demand: A-R use a log-log specification.

ii) Production: Production in agriculture is
defined by a C.E.S. function, in manufacturing
sectors by Cobb-Douglas functions and in ser-
vices by either fixed coefficients, Cobb Douglas
Functions or unspecified. All service sectors
are also not profit maximizing. One curious
assumption is that the elasticity of substitution
between capital and labour in agriculture is
assumed to be low. The opposite is the case in

most other studies.

A-R model the South Korean economy and run the model
for 9 years. It also is thus a short-run model. It is too
complex to be run for a longer period since the number of
parameters to be estimated is too large for repeated esti-
mation. One of the costs of disaggregation is that a larger
proportion of parameters can be expected to change over time.
To give some idea of its level of disaggregation: the model
has 29 producing sectors, each with firms distinguished by

size; labour is classified into skill categories in addition

to two categories of self-employed and five groups of farmers.
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Thus the A~R model and DYNURB stand at the opposite

poles of disaggregation and size. Paradoxically, though,
they are somewhat similar in their degree of complexity.
Complexity, here, is viewed as some index of the intensity
of intérrelations in the economy. To use their own phrase,
once again, the two models are similar in their degree of
of closure -- more variables are endogenous in both than any
of the other models discussed. As such, their solution
techﬁiques are similar -- indeed DYNURB's solution technique
was derived directly from A-R.

In closing this section on economy wide models, it
is worth mentioning the work of Kendrick and Taylor (1969)

since theirs is a 4-sector model with services as one sector.

Kendrick-Taylor (1969) (K-T)

Kendrick-Taylor develop a 4-sector model to maximize
a welfare function over a thirty year period subject to con-
straints in the form of distribution relations, production
functions, absorptive capacity functions, foreign exchange
constraints, initial and terminal capital stock and foreigh
debt constraints. As such, its philosophy is clearly dif-
ferent from the "Johansen-type" models described above but
is similar in size and time horizon to DYNURB. Their 4
sectors are 1) agriculture and mining, 2) heavy industry,

3) light industry, 4) services. Once again, differences
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and similarities with DYNURB may be pointed out:

i) Production functions used are C.E.S. functions. As in

DYNURB they assume a relatively high elasticity of sub-
stitution in agriculture and a low rate of technical
change in services. They also assume a low elasticity
of substitution for services which is not the case in

DYNURB.

ii) cCapital: K-T assume that there are absorptive capacity
constraints so that capacity expansion is relatively
difficult in agriculture, less difficult in light in-
dustry and relatively easy in heavy industry. In
addition, as in many other models, capital growth rates
are specified exogenously. Here, even sectoral capital

growth rates are specified.

iii) Foreign Trade is allowed but is exogenously determined.

Thus the K-T model is much simpler in structure than
DYNURB though similar in scope. It has quite different objec-
tives -- once again it is designed to be a planning model albeit
at a rather aggregated level. 1Its main relevance to DYNURB
is its specification of a C.E.S. production functicn for
i services. It appears to be the only other model that has

done this.
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2.2 The Service Sector

The service sector can be called the step-child of
economists. Dual economy models which have so dominated
development thinking have characteristically concentrated on
industrialization to the neglect of employment in the service
sector. Even multi-sector models like those of Dervis and
Adelman-Robinson are much more concerned with the behaviour
of the manufacturing sector. Indeed, Adelman—-Robinson regard
the personal services sector as a residual and do not
even attempt to model the production functions of the other
service sectors. There does not appear to be even one esti-
mation of a produFtion function of the service sector in the
literature. It has been argued that the service sector is so
variegated that it really does not mean much to model it. The

outputs are difficult to measure. While there is some merit

in this argument, the outputs of the service sector may
not be more difficult to define and aggregate than the
millions of products of the industrial sector.

Before proceeding, it 1is worth defining the

components of the service sector. In includes:

®* Retail and wholesale trade
®* Banking and insurance

® Real estate

® Government

® Education and health

®* pPersonal, professional, business and repair services.
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In general, "service industries may be thought of as
providing a‘service rather than a tangible, material commo-
dity." (Deakin and George (1965) p. 16). There is some
disagreement on whether transport and communications should

be included in the manufacturing or service sector. This

study agrees with Fuchs: "Transport, communications and
public utilities have often been classified as services, but
we have excluded them from our study of the service sector
because in their use of physical capital and the nature of
their production processes they appear to have more in common
with some of the goods industries than with services." (Fuchs
(1968)). ¢

Any classification is necessarily arbitrary at the

margin so it is not worth giving any further justification

for this choice.
It is obvious from a perusal of the sectors comprising

the service sector that they are characteristically urban

activities except for some services and trade. Furthermore,

activities such as education, health, banking and insurance,
real estate and housing, government, are those which become
progressively more significant with rising per capita income.

Thus a neglect of such activities ignores an essential part

of the development and urbanization process. This cannot be

stated too strongly and may be regarded as one of the central

points of this study.

i
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To give precision to this point, Table 2.3 reproduces
a table from J.A. Dowie (1966). It shows the magnitude --
in developed countries -- of a sector that is often neglected

by economists.

Table 2.3: Sector Shares of Gross Product, Manpower and
Capital Formation

1959-61 (percentage)

Goods Services

Gross Product

Australia 57.4 42.6

U.s. 43,2 56.8

U.XK. 52.8 47.2
Manpowef

Australia 52.2 47.8

U.Ss. 38.3 61.7

U.K. 54.5 45.5
Fixed Capital Formation

Australia 41.4 58.6

U.S. 33.2 66.8

U.K. 43.5 56.5

SOURCE: J.A. Dowie (1966), p. 538, Table 1.

Note: The service sector includes transport
and communications in this study.
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Having established the importance of the service
sector, what follows is a review of studies of the sector
to outline its characteristics. Victor Fuchs' (1968) study
o% the service economy in the U.S. is probably the most
systematic study of the sector, though Stigler (1956) was
g earlier. Unfortunately, there is even less information for
the less developed countries.

Fuchs' main points may be summarized as follows:

1) The share of the service sector in total employment

rose from 40% to 55% in the period 1929 to 1967 in the U.S.
During the same period, the share of service output remained
virtually constant. This implies that output/man grew

slowly relative to other sectors. The increase in quality/
man was most rapid in industry. This finding supports the
need for different factor augmentation rates in each sector --
as suggested in the last section. Industry underwent more

rapid change in total technical change.

ii) Women, part-timers and self-employed held about 50%
of 2all jobs in the service sector. This probably applies
at least as importantly to LDCS and has major implications

for the pattern of urban employment.

1ii) The service sector includes alarge camponent. of non-profit

institutions =-- government, education and health. This fact
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is often used as an argument against the modelling of profit-

maximizing behaviour for this sector.

iv) One of the major defects in the national income

accounts is that output in some industries is estimated from
employment data. This, of course, is most serious in the

evaluation of output for the government sector.

v) Within the service economy, Fuchs found that employ-
ment was positively correlated with productivity changes.
If this is true in general, the rapid rate of employment
increase in government is an indication of increase in

productivity as well.

vi) Services are more location specific and wages differ

more by location than in manufacturing.

The treatment of the service sector in DYNURB is
educated by all these findings: in particular, a slower
rate of technical change is assumed than in manufacturing.
Government is treated no diéferently from other sectors and
is included in the service production function.

Marimont (1969) elaborates on the problem of measuring
output for service industries. The national accounts system
calculates changes in output by deflating value output by

price changes. These are more difficult to do for the service
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sector where unit measures are less specific. Gorman (1968),

in an interesting paper, shows that the use of different
concepts in the measurement of real output of banks gives

quite different resulﬁs. If the concept used is liquidity
(interest foreane by depositors) then output rose by only
Z%J%a year in U.S. banks from 1948 to 1966. If, on the other
hand, a measure of transactions is used (service rendered by

? banks in'transactions) then the growth over the same period

is 7% a year. This merely illustrates some of the difficulties
inherent in the measurement of service output.

In another innovative paper, Schwartzman (1969)
discusses the problems in measuring the output of retail trade.
He argues that a retailer really offers a variety of services:
delivery, credit, help in obtaining items, advice in selection
of goods, variety in goods, processing, judgement of quality,
and so on.

He érgues that the mere measurement of the value of
outturn is misleading since different changes take place in
each of the variety of services indicated above. For example,
in the U.S., while there was an increase in constant dollar
sales/man hr. from 1929 to 1963, it was accompanied by a de-
cline in the quantity of service/transaction and a large in-
increase in the average size of transaction. He therefore
concludes that there was a decrease in the quantity of
service per dollar of sales, i.e., a negative productivity

change according to one interpretation.
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Fuch's finding of a low rate of technical change
in services and a corresponding increase in relative prices
is supported for Canada by Weston (1969), for Britain by
Deakin and George (1965) and for Australia by Dowie (1966).
It is therefore justified to regard it as a general finding.
One other general finding is that the incremental capital-
output ratio is higher for the service industries. On the
demand side, it appears that there is no identifiable in-
crease of the share of services with rise in incomes, rela-
tive to manufacturing. This would indicate roughly similar
income elasticities of demand for products of the two sectors.
DYNURB incorporates this conclusion in its demand system.

Discussions of the service sector in less developed
countries are hard to find. One exception is Katouzian
(1970). He discusses the conclusion of Colin Clark and Allan
Fisher (mentioned in the last section) that employment first
moves from agriculture to indusffy and then to services as
income rises. He points out that the shares of the service
sector in LDCS are not that different from the developed
countrieé. He illuminates the problem by a 3-way classifica-

tion of services:

i) New Services: These include education, medical

services and entertainment which are highly

related to increases in per capita income.

ii) Complementary Services: These are those services

which go hand in hand with industry: banking,
finance, wholesale and retail trade, and are

thus complementary factors to urbanization.
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iii) 014 Services: These include various kinds of
personal services like domestic servants which

decline with growth of industrialization.

Katouzian underlines the importance of the service
sector in LDCS even at low levels of incomes. The increased
contemporary role of government is one reason for this
importance.

The link between the development of the service
sector and urbanization is explored by Gur Ofer (1976) in
a study of the service sector in socialist countries. Ofer
finds that all socialist countries have a less than esti-
mated urbanization level as would be expected from market
economies at similar GNP levels. Their accent on heavy
industry and the Marxistbias against the service' sector have
produced a correspondingly small service sector. This is
strong support for the argument made in this study.

Ofer offers one other significant idea on the pheno-
menon ©of urbanization. He finds that the socialist countries
use more labour-intensive techniques in agriculture and more
capital-intensive techniques in manufacturing (as compared
with similar market economies.) He suggests that this may
be because a socialist system can better measure the entire
social cost of urbanization, i.e., including negative exter-
nalities, and therefore economize on it. This is an interest-
ing explanation for the use of overly capital-intensive

techniques used in manufacturing in LDCS.
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The main ideas reviewed in this section on the

service sector may be summarized as follows:

i) The service sector is too important both in terms
of output share and employment to be neglected in
a study of development and urbanization. This is
§ particularly so in this era when even low-income
countries have large service sectors.

ii) The rate of change of quality of labour is lower
in services as compared with that in manufacturing.

iii) The rate of total technical change is likewise
smaller in the service sector. One word of caution
is necessary here. Dhrymes (1963) found this difference to
be very small (1.71% a year for manufacturing,

1.61% a year for services) and the difference not

to be significant statistically.

iv) The problems of measurement of the output of services
are immense. Thus conclusions on measurement of

productivity change have to be made with circumspection.

The specification of the service sector in DYNURB

has been influenced by all these findinas.
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2.3 Technical Change

Thé formulation and measurement of technical change
has long been a problem in economic models. The ideal
would be to make technical change endogenous so that economic
activities themselves can be seen to be influencing the rate
of technological progress. These processes, however, are
still little understood or, expressed somewhat differently,
the production function of technical change itself is yet
to be convincingly specified. This section reviews some of
the literature relevant to the specification of technical
change in DYNURB. 1Issues discussed are, 1) the choice of
production function as it affects technical change; ii) the
neutrality of technical progress; iii) the question of factor
embodiment as one view of technical change; and iv) the possi-

bilities of specifying endogenous technical change.

2.31 Choice of Production Function

The most lucid discussion on the theory and measure-
ment of technical change is probably that by Murray Brown
(1966) which has since been updated by Nadiri (1970).°
To begin with, it is useful to clarify what is meant by
technical change in economics.

lAlso see Hahn and Matthews (1964) and Kennedy and Thirlwall
(1972) for excellent reviews of the technical change literature.

2'I'he following discussion closely follows Murray Brown
(1966) pp. 13-38.

*
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"The production function expresses the way in
which outputs are produced by inputs, and the way
inputs cooperate with each other in varying propor-
tions to produce any given output. These relations
begween outputs and inputs and between the inputs
themselves are determined by the technology that
rules at any given time. The technology is embedded
in the production function and can be expressed in
terms of it."

(Brown (1966), p. 12)

4 This is the problem at issue. Factor productivity

E measures are often based on the production function

Q = A F(K,L) (2.1)

which gives as a measure of the rate of technical change

. . AL F . AK F ”
A _ Q _ L , L K. K
2 - 0 [ I + ] R (2.2)

where Q 1is output,

ot i

K and L are the inputs,
A the "level of efficiency” or scale parameter.

%?c—( , and FL and FK are partial derivatives of Q

with respect to L and K respectively.

X refers to

From this it is clear that the rate of technical or
productivity change depends on i) the form of the production

function which determines FL and FK’ ii) measurement of
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L and K, iii) the importance of variables other than
K and L that are omitted.l
The characteristics of a production function can be

thought to have 4 components:

i) Efficiency of the Technology: This is represented

by A in (2.1) above. For a given'level of inputs
the amount of output is determined by the level of

A. The larger it is, the larger the output.

ii) Degree of Economies of Scale: This is represented

in (2.1) by the degree of homogeneity of F(X,L) .
If a proportional increase in the inputs results in
output increased by a larger proportion, the func-
tion is homogeneous of degree greater than 1 and

vice versa.

iii) The Capital Intensity of a Technology: Degrees of

capital intensity are reflected in the size of the
labour-capital ratios for given relative factor
prices. For a given marginal product of labour, the
marginal product of capital is more for a more

capital intensive technology.

lThis discussion closely follows Nadiri (1970), p. 1140.
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iv) The Elasticity of Substitution: This is an index of

the ease with which capital can be substituted for

labour in a production process. The index is

(dr/dL) . L/ (2.3)
R/L &F /aF, .

i.e., the elasticity of substitution relates the
proportional change in the relative factor inputs to a
proportional change in the marginal rate of sub-
stitution between labour and capital. Where price
is equal to the marginal product the marginal rate
of substitution is the relative factor price ratio.
It may also be thought of as a measure of the simi-
. larity of factors: c=0 implies that factors
are completely dissimilar,oc = infinity implies that
the factors are identical. Clearly the form of F

affects the behaviour of o .1

If the Cobb-Douglas Production Function

o = a&%P (2.4)
is chosen to represent the production process -- with the
exponents a and B chosen to be constant -- then the charac-

teristics (iii) and (iv) above are lost. A constant proportion

lThe above is taken from Brown (1966), pp. 12-20.
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o/B implies a constant capital intensity of production and
the function has an elasticity of substitution equal to unity
Moreover, o + B determines the degree of homogeneity of
the production function, usually, of course taken to be 1.

It is because of these limitations that the cdnstant
elasticity of substitution function (the C.E.S.) function is
used in DYNURB:

vo fo=-1)
0 = afy g0 D/ 4 (1-y)plo-1)/0y (2.5)

where Q, A, K, L, 0 are as before, Yy is the capital inten-
sity parameter and v 1is the deg;ee of homogeneity oreconomies
of scale parameter. y= 1 makes the function homogeneous
of degree 1.

This permits the variation of o0 and therefore allows
a more complex modeling of technical change. It is however,
recognized here that the empirical identification of these
characteristics is not easy, even impossible be-
cause of their inherent interrelatedness. The justification
for their use, despite this caveat, is the possibility of a

wider ranging theoretical investigation.
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2.32 Neutrality of Technical Progress

Having defined the components of technical progress
as viewed through the production function, their implications

can now be discussed. Again to quote Brown (p. 20):

"A neutral change neither saves nor uses labour,
it iIs one which produces a parallel shift of the
production relation itself, but does not affect
the marginal rate of substitution of labour

for capital. A non-neutral change alters the
shape of the production function and can be either
labour-saving (capital using) or capital-saving
(labour using)."

A neutral technical change is caused by changes in
A and in the degree of economies of scale v . A non-
neutral change is caused by changes in o and Y (in equa-
tion 2.5) i.e., the elasticity of substitution and the capital
intensity. Changes in A and v merely shift the production
function, while changes in ¢ andy alter its shape thereby
altering the marginal rate of substitution. Thus the Cobb-
Douglas function can only be used to measure neutral technical
change. Increases in A or the presence of econcmies of scale merely
increase the level of output produced by the same level of inputs.

An increase in capital intensity is always labour
saving because the marginal product of capital is increased
relative to that of labour. Thus an increase in y produces
a capital using technical change.

A change in ¢ produces an ambiguous result. When

capital is increasing faster than labour, a rise in o raises
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the marginal product of capital relative to that of
labour and the technical change is therefore labour-saving
(or capital using). The converse is true if labour increases
faster than capital.

The effect of a change in ¢ on output is illustrated
in Figure 2.1. Q and Q' are isogquants with Q having
the smaller elasticity of substitution. If K and L grow
at the same rate along (i)or Q and Q' technologies give the

same rate of change in output. If K grows faster than L

(K/L)

(R/T)
Figure 2.1
(from Brown (1966) p. 25)
K . K
along (f) or if L grows faster than K along (f)
1 2

the Q' technology always gives a larger rate of output.

Thus, if K and L grow at different rates, a larger elas-

ticity of substitution always results in an increased rate

of output growth.
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A last clarificatory note is necessary in this

section on the neutrality of technical progress. Although
the bias of technical change is defined according to changes
in the marginal rate of substitution, there are differing
views on what is kept constant. In this study the Hicks
definition of bias is always used:

Technical change is labour saving, neutral or

capital saving according as

B(FK/FL)
ot

AlV

o . (2.6)
K/L
const.

The question of bias in technical change has been
discussed and clarified in some detail above because the
terms "capital-saving", "labour-saving" are often used

rather loosely in the development context.

2.33 The Embodiment/Vintage Question

Much of the debate concerning technical change has
been on its measurement. Ever since Solow's earliest work
(Solow, 1957) which attributed almost 2/3 of U.S. GNP growth
to the unexplained residual (%) , there have been attempts

to reduce this residual by measuring inputs better. On the
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one hand is the work by Jorgenson and Griliches (1967)
which takes the view that all technical change can be ex-
plained by errors or cmissions in the measurement of inputs. Another
is the further work by Solow himself as in Solow (1959)
emphaéizing a different view of capital. According to this
view, technical change is embodied in different vintages of
capital and should therefore not be viewed as disembodied

as in the (%) calculatioﬁ. Nelson (1964) gives more
empirical weight to this’view. The other line of argument
asserts that -- and this is similar to Jorgenson and Gri-
liches -- viewing K and L as the only inputs is erroneous.
The correct approach is to disaggregate K and L. and to
question the validity of aggregation. This, of course, is
the Cambridge capital theory view.

This study does not enter into any of these controversies
and takes an eclectic view of the matter. Both capital and

labour are assumed to improve in quality over time and this

may be represented thus:
Q = AF (XK,yL) r (2.7)

where X and y are the coefficients of factor augmentation.
(This is also the view taken by KWC). This is seen to sub-
sume the vintage, factor heterogeneity and errors in measure-

ment arguments. Each of these views require that different
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factors are summed up, each with a different weight. Thus,
in the vintage argument, new capital is more efficient than
old and therefore each unit has greater weight than the old.
By assuming factor augmentation this increase in quality of
new cépital (or labour) is seen to increase the quality of the
aggregate. Similarly, if it is asserted that different
factors have different qualities, the factor‘augmentation
interpretation is merely saying that each improves in quality
over time and the rate of change of the weighted sum is given
by y and x. Lastly, y and x could also be seen as
measuring the errors in measurement that Jorgenson and
Griliches talk about.

One of the consequences of this formulation is that

the direction of technical change depends on y,x and 0.

The bias is

. @y _dx, . (Lo
B = (F-D - &= (2.8)

(Nadiri, (1970),
p. 1143)

Embodiment is distinguished in the literature from the
augmentation effect. All quality changes in an aggregate
can be subsumed by an indéx of factor augmentation, while
embodiment only refers to quality changes that appear in
new factors. Thus, embodiment of technical change in

capital could even produce labour augmenting technical change.
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Problems of measurement arise because there is no
obvious natural unit for measuring capital as there is one
for labour. While this is true, the variety of skills,
age, sex, etc. is large enough for measurement of labour

to be similarly difficult.

2.34 Endogenous Technical Change

While various distinctions have been made to describe
different kinds of technical change, it must be recognized
that many of these are highly interdependent. Thus, o
itself, depends on the kinds of technical change that occur:
innovations, for example, can make the substitution of ca-
pital for labour easier. As shown, the bias of technical
change depends jointly on factor augmentation and o . Some
of these problems would be eased if there was a production
function for technical change itself.

Conceptually, Kennedy (1964),Syed Ahmad (1964) and
others, have suggested the innovation possibilities frontier.
John Conlisk (1969) has included an "endogenously positioned"”
technical change frontier in a neo-classical growth model.
Factor augmenting technical change provides a convenient

device for illustrating this frontier:
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Figure 2.2: Technical Change Frontier

The idea is that an economy, or a sector, faces a constraint

AB which defines the set of innovation possibilities.

Each of the axes can be interpreted as measuring the coeffi-
cients of factor augmentation. As suggested by Conlisk
(1969), "In choosing a point on this curve, the model
economy decides how much it wishes to stress growth in ca-
pital versus growth in labour," (p. 350) i.e., it chooses
the bias of its technical change. Thus y and x could be

seen to be determined by

H(y,x) = G(K,L) ’ (2.9)

i.e., y and x could be results of production decisions

i themselves. These decisions are price responsive -- when
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entrepreneurs anticipate a relative increase in‘real wages,
they will, in the short run, substitute capital for labour
and then, presumably with a lag, attempt to find labour
saving innovations. This is done by allocation of resources
+o activities such as research and development.

The formulation of factor augmenting technical change
is therefore seen as one which at least conceptually can
be made endogenous.

There have been attempts to model the research and
development production function but there is yet no agree-=
ment on how it can be formulated for aggregative economy-
wide models. Thus, in DYNURB, technical change is regarded
as potentially endogenous but has been modeled as factor
augmenting in a C.E.S. production function framework to

providé for maximum flexibility.

2.4 Summary

This chapter has reviewed three strands of the
literature which are particularly relevant to the develop-

ment of DYNURB:

(a) Economy wide models
(b) The Service Sector
(c) Technical Change.
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The review has attempted to show that the traditional two-
sector models are inadequate for a study of urbanization
since the service sector is vital to urbanization process.
The expansion to a larger number of sectors necessitates
estimation of more parameters which are then also more
likely to chanée over time. Therefore, since urbanization
is a long term process, a model investigating the underlying
structural changes involved needs to be one adequate for
long term simulation. Thus DYNURB is designed as a 3-sector
model incorporating the service sector and yet not being too
large to simulate over a long period of time.

Different views and formulations of technical change
have been reviewed to clarify the notions that have been
used in DYNURB. The use of C.E.S. functions and factor
augmenting technical change in DYNURB has been justified
in this context.

To conclude, the special features of DYNURB may be

summarized:

i) The Service sector is modeled explicitly.
ii) DYNURB is a three sector model attempting to

find a mean between 2-sector models which miss
some essentials and n-sector models which are too
disaggregated for long term sSimulation.

iii) DYNURB has a higher degree of closure than

most models.

iv) DYNURB distinguishes between the labour force

and population.
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v) DYNURB does not assume a classical savings
function as is done in many other models.
This lends realism in acknowledging the
existence of a large self-employed sector

in poor economies.

vi) Modelling a savings function is an improvement
over exogenous specification of capital growth
rates.

vii) The modelling of technical change is almost the
most flexible possible short of endogenously
induced changes.
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3. DYNURB: Mathematical Specification of the Model

DYNURB -- The model developed in this study is a
non-linear, three-sector, two region, wage and price endogenous
dynamic general equilibrium model in the Johansen tradition.

It is developed to study the basic structural changes that
produce urbanization as a low-inccme economy develops to higher
income levels over time. The model in its present form is for
a closed econamy and is designed to reflect the Indian economy in par-
ticular over a 30 year period starting in 1951, i.e., the
period after Indian independence. It is therefore seen as

a long term model. The model solves recursively over time ==
it finds an equilibrium for a period, then grows, and then
again for the next pericd. Such a process may be character-
ized as "lurching equilibrium" as aptly expressed (though in

a slightl& different sense) by Adelman-Robinson. It is
recognized that this does not reflect reality where the adjust-
ment process takes time and capital and labor are not perfectly
mobile. The justification fof ignoring this is that in a long
term context, factors may be regarded as more mobile. Thus

the model is wrong in that it finds an equilibrium for every
period but is probably not too misleading in showing trends
over an extended period of time.

This chapter describes all the equations that comprise
the model with justifications for the particular forms used.

The sectoral division according to Indian national

accounts classification is as follows:
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l. Agriculture Sector:

1.1 Agriculture
1.2 Forestry and logging
"1.3 Fishing
2. Industrial Sector:
2.1 Mining
2.2 Manufacturing
2.3 Construction
2.4 Electricity, gas and water
2.5 Transport and communication
3. Service Sector:
3.1 Wholesale and Retail Trade
3.2 Hotels and Restaurants
3.3 Banking and Insurance
3.4 Real Estate, ownership of dwellings
and business services
3.5 Public Administration and Defense
3.6 Other Services.

Agricultural production is regarded as taking place
exclusively in the rural region. Industry and services are
exclusively based in the urban region. Thus only rural
workers can work in agriculture and urban workers in industry
and services. A shift of employment from agriculture to

industry and services implies a shift of population from the
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rural to the urban region. This transfer is costless. Simi-
larly capital is perfectly mobile between sectors and regions.
The justification of this sector location is that the vast
majority of urban employment in India is in industry and
services while that of rural employment is in agriculture.
This is shown in Table 3.1.

The components of the model follow. +t is the time sub-
script. I or i is the sector subscript ranging from 1 to 3.
Sector 1 is agriculture, Sector 2, industry and Sector 3, services.
J or j is the region subscript, 1 for the rural region and 2
for the urban region. The model has no financial sector so all

magnitudes are real and in initial period values.

[ 3.1 Production Conditions:

Value added in DYNURB is created through production functions,
but it has an underlying inter-industry input-output structure
for intermediate goods. All production functions are homogeneous

of degree 1, i.e., exhibit constant returns to scale.

- Agriculture:

The agriculture production function has four factors:
capital (Kl), and laxm'(Ll)yﬁuchcombine with a constant elast-
icity of substitution o;; this joint input then combines with land
(LAND) and livestock (LVSTK) according to a Cobb-Douglas pro-

duction function with constant exponents (shares). Agricultural
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Table 3.1
Distribution of Workers by Sector and
Region: India, 1961.
Category : Rural Urban
(percent) (per cent)

1. cultivator 60.3 6.6
- 2. agricultural laborer 18.9 ) 3.5
3. other primary 2.8 2.5
Sector 1 82.0 12.6

4., Household Industry 6.1 7.9
5. Other Manufacturing 1.5 21.0
6. Construction 0.7 3.7
7. Transport and Communication 0.5 8.0
Sector 2 8.8 40.6

8. Trade and Commerce 2.1 16.3
9., Other Services 7.1 30.6
Sector 3 9.2 46.9
Total 100.0 100.0

Source: Ashish Bose (1973). p. 305.

;

!

i
i
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output:
o () = 1A (&) stk (&) M IB [ x, (8) K, () 3 (01 /oy
+ (1mvp) Ly (0 Ly 0y 017D/ ] /{0y 1:[ BET 3.1
J
where

ALPH, GAM, BET are shares of LAND,. LVSTK and of the

combined labour and capital input.

Yy is the capital intensity parameter

Bl is the scaling parameter (it is included in the CES part
of the function for programming convenience).

xl(t), yl(t) are the factor augmenting coefficients of

capital and labor respectively.

The above are all exogenously given. LAND and LVSTK are
specific to agriculture while K and L are free to move to other
sectors. This 1s the reason for treating them differently, and
allowing greater flexibility in the substitution between capital

and labor.

Industry and Services:

0 (8) = B, Iy, {x, (©) K ()} C1-0/% + (v D1y, (©) 1,003 1) /0aF /057D

i=2,3 3.2

All the symbols here are as defined above with i assuming the
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values 2,3 for industry and services: respectively.
[For the purpose of running simulation experiments,
each of the production functions can also be specified as Cobb-

Douglas functions:l

_ALPH GAM

_ \EXPK \EXPL,
Q;(t) = Ay LD IVSTK™ fx (6) Ky (6] 1 (y (8) Ly ()1
(3.1a)
and ‘
Q, (6) = A, G (0) K, (DT (v, (1) 1y (eI (3.2a)

i=2,3
where
EXPKi, EXPLi are shares of capital and labor.
These functions have to be used whenever ¢ = 1 in simu-

lation experiments.]

The use of CES functions was justified in the last

chapter. A few more comments on their use need to be offered
i here.
T+ is obvious that the use of CES functions permits ¢

+o be different in each sector. This can be regarded as another

feature that distinguishes one sector from another. The assumpton
é of a low o in the industrial sector is partly to reflect the

problem of latecomers to the development process. Countries

entering the relatively rapid development process in the 20th
century are at an advantage as well as a disadvantage. On the

one hand the availability of advanced technology makes it possible
1

Although CES functions can be shown to subsume Cobb=Douglas
functions, for purposes of computation they have to be specified
separately.

i
R
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for them to jump many intermediate stages. On the other hand,
since much of this technology is then imported it may not reflect
the factor proportions of the LDCS. Yet, choice of technique is
limited because of world market pressures as well as by the
domination of infofmation/education/technology by the advanced
countries. This is then one more reason for the use of CES
production functions in this study.

The next comment is in the nature of a caveat. Stated
baldly, evidence on the existence of stable o's being significantly
different from 1 is scanty. In a survey of empirical studies
based on the CES function,Nerlove's [1967] main conclusion was
that results were inconclusive: 'Even slight variations in the
period or concepts tend to produce drastically different esti-
mates of the elasticity. While there seems little rhyme or
reason for most of these differences, a number of possible
sources of bias exist and may account for at least some of
these differences.' (Nerlove [1967], p. 58). He also identi-
fies simultaneous equation difficulties as another source of
the estimation problems. In a subsequent study Zarembka (1970)
concludes that "There is no significant evidence that the
elasticity of substitution at the two-digit level departs from
unity using either behavioral equation or direct estimation.
The explanation may be that the elasticity is a 'second order'
parameter in production functions for which most bodies of data

are not able to provide precise estimates.' (Zarembka [1970]
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p. 52). His own estimates lie on both sides of unity. In
another revieQ paper -- this for CES estimates in LDCs --
Bruton [1972] reaches similar conclusions. He finds estimates
covering a whole range of different industries and countries to
be as low as 0.2 or 0.3 and as high as 2. 1In general, time
series estimates are found to be lower than cross section
estimates. In an attempt to reconcile different estimates,
Berndt [1976] identifies the following as sources of error:

- cylical changes in capacity utilization

- measurement errors

- systematic variation of input prices with product prices

- embodied and disembodied technical change

After accounting for many of these errors by the use of differ-
ent estimation techniques, Berndt's estimates lie in the narrow
range between 1.15 and 1.25. Clague [1969] on the other hand,
in a study based on industry data from Peru finds ¢ < 0.5 in
almost all cases.

Thus one cannot but fail to conclude that the estimation
of CES functions still has some way to go. It is with this
knowledge that CES functions are still used in DYNURB to facili-
tate wider experiments and to make possible quantitative ideas

of the effects of different assumptions.
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3.2 Net Prices ~ Intermediate Goods and Transportation Costs
If the input-output coefficients are denoted by aij -
the amount of good i required to produce one unit of good j -

the standard net price equation would be given by

‘ 3
PSTAR,, = P, = z a.. P. (3.3a)

where PSTARi is the price net of intermediate costs and Pit

t
is the seller's price, all at time t.

In DYNURB, however, transport is included as an additional
intermediate good. Whenever a commodity is transferred from
one region to another it is deemed to incur intermediate trans-
port costs. Thus, when the agriculture sector uses 1 unit of
good 2 as an intermediate good, it also uses am units of trans-
port. Since, in DYNURB transport is produced by the industry
sector, this additional demand is always produced by sector 2.
The net price equations then become non-lineariin aij and am

and highly ‘'irregular' in structure. In the following resulting

net price eguations,

Pij is the price of good i in region j

PSTARij is the net price of good. i in sector j
(For net prices i=jsinceret prices have no relevance
outside their own region)

j=1 is rural, j=2 is urban.

PSTAR;; = Py - [ay) Pyy +ay (L+ag) Py, +ag; (ap By + Pa)l
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il

PSTAR,, = P,, = [815 Py + 8y, Pyy + @y, ap Pyy + 33, Pyyl

PSTARy3 = Py, = [ay3 Ppy + ay3 Py + @13 8y Ppp + 833 Pyl (3.3b)

Pij and PSTARii have time subscripts also but have been omitted
here for convenience. Note that the price of transport,being

an industrial good,is P22.

g == the transport coefficient -- could alternatively
be regarded as rural/urban, urban/rural friction costs which re-
sult in additional usage of sector 2 transport type goods. It
has been added here in this rather irregular fashion as the
simplest way to simulate transport cost effects. It adds a

further spatial dimension to DYNURB -- albeit in a rather im-

perfect fashion. This inclusion facilitates experimentation

with different transport costs.

3.3 Factor Demand

Returns to factors in DYNURB are equal to their marginal
| value products. Thus factors are demanded until their marginal
products equal their wages or rentals. The wage and rental

’ eguations are

Labor:

i) Agriculture: Because of the composite agriculture production

function,
W, (t) = PSTAR) (£) (L= v;) B (=179 ( orr) /01 BET o ()1
1 1 1 By LHT o) ) 9
71184 J QT ()
(3.4)
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where
- (0,=1)/c _ (0,-1) /04 ,0,/(0,~1)
QT(t) = Bylyy{xy (8) Ky ()} "1 L+ =y iy (8) ()31 117 Y1
(3.5)
i.e., the CES part of the production function
and Wy (t) is wages of labor in agriculture.
ii) Industry and Services:
_ _ (0.=1)/c. 1/o
Wi(t) = PSTARiift) (1 yi) B, 1 i [ Qi(t) ] 1 (3.6)
yi(t)Ll(t)
Wi(t) is wage of labor in sector i. i=2,3.
Capital:
These are similar to expressions above.
i) Agriculture:
R, () = PSTAR,, (8) .y, By “17D L () /o1 mEr (o ()Y 1
Xl (t) Kl (t) T (D)
E (3.7)
‘ where R, is the capital rental.
ii) Industry and Services:
(
l - ) (0.-1)/c 1/c,
R, (£) = PSTAR,, (t) v; By 1 1 { Q, (t) i
xl(t)Ki(t)
i = 2’3 (3. 8)
where Ri(t) is the capital rental in sector 1i.
The wages and rentals given above are for the efficiency
units. Those for the augmented units or "actual"” units are
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W;(t) = yi(t) Wi(t) (3.9)
and
Ri(t) = xi(t) Ri(t) (3.10)

W, (t) then is the wage per person in sector i at time t and
R;(t) that for the éorresponding augmented unit of capital. A
word on interpretation is necessary here.

Since yi(t) and Xi(t) are allowed to take different
values in different sectors, the factor homogeneity assumption

comes into question. What is assumed here is that the efficiency

units are homogeneous. Different augmentation rates imply that

because of sector characteristics one sector requires more
efficient factors than another. For example, it is not unreason-
able to assume that the industrial sector has, on average a more
educated k&bur force than the agriculture sector and that the
level of education/skill even increases faster in it. As
mentioned in the last chapter, the index of labour used in the
model is really some weighted sum of the variety of skill and
education levels that exist in the labour force. It can then be
interpreted that in the example given above only the higher
quality members of the agriculture labor force move to the
industry sector (according to the market situation). These
members "possess" higher than average efficiency units in the
agriculture sector. It is in this way that it can be consistently

maintained that efficiencv units of a factor are homogeneous

as well as perfectly mobile and are augmented at different rates
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in different sectors. The appropriate equalizing (within the
given wage structure outlined next) is then for the returns to
the efficiency units of the factors. Thus, if it is sought to
equalize wages across all sectors what is equalized is the
wage per efficiency unit. The wage per person, Or augmented
unit, may well be different. This interpretation therefore
conveniently maintains factor homogeneity and mobility along

with different rates of technical change in factor quality.

Land and Livestock

These are only in sector 1 and the Cobb-Douglas

marginal product functions give their marginal returns:

RENT (t) = PSTARll(t) . ALPH . Ql(t) (3.11)
LAND (t)

RLVSTK (t) = PSTARll(t) . GAM . Ql(t) (3.12)
LVSTK (t)

where RENT is return per unit of land and RLVSTK the return per

unit liveétock.

Inter-Region Wage and Rental Structure

There is ample evidence that urban and rural earnings
differ for the same skill and that there is no tendency for this
gap to be closed. Reasons for this are not entirely clear but
a few may be offered.

i) different wages may reflect different costs of living.

Dwelling rents, transport costs, etc., are all substantially

higher in urban areas.
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ii) within the same professional or craft category, there may
be differences‘in skill and education.
iii) persons with similar skills could be under-utilized in
rural areas due to deficiencies in demand.

Such reasons, significant as they are, are really not
convincing enough to account for all the differences which
have been observed, for instance, in India:

Profession Rural Earnings as
Percent of Urban

Doctors 50.7
Lawyers 47.0
Engineers 50.0
Barbers 55.1
Priests 51.6
Average 50.2

Source: M. Mukherjee (1969), p. 429.

The small range 47-55 percent is remarkable and indicates some
systematic economic forces at work. Such figures are also
commonly found in other countries.

DYNURB takes these differences for granted as an element

ST e

of reality and makes provision for their imposition on the wage
and rental structure. Moreover, if there is any reason to
believe that returns to capital are higher in one sector than

another, this is provided for as well. Thus

Wi(t) 9 Wl(t) (3.13)

1
¢i Ri(t) i=1,2,3 (3.14)

Ri(t)
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where ei, ¢i are parameters. Note that these differences are
imposed on the Qages of efficiency units. Wages per person
therefore can differ even more.

Note also that within this imposed structure the
payments to factors are still egual to their marginal product.

If > 0, then the labor efficiency units produce more in the

®2,3
urban region than their rural counterparts even though they are

identical.

3.4 The Savings Function

This has also been designed for maximum flexibility, DYNURB
permits. different savings rates out of labor and capital income as
well as different saving rates for each sector.

Labor income in each sector is

YLAB, (t) = yi(t) W, (£) Ly (t) i=1,2,3 (3.15)

Property income in the agriculture sector is

YCAP, (t) = x,(£) R; (t) K (t) + RENT(t) . LAMD(t) + RLVSTK(t)

. LVSTK(t) (3.16)

and property income in the other 2 sectors

f YCAPi(t) = xi(t) Ri(t) Ki(t) i=2,3 (3.17)

The total savings from factor incomes in each sector
are then
YSAVE, (t) = SLAB, (t) . YLAB, (t) + SCAP; (t) . YCAP, (t)

i=1, 2, 3 (3.18)

where SLAB, (t) is the proportion of incomesaved from labor income and
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SCAPi(t) the proportion from capital income in sector i. This
form subsumes the Kaldor or classical savings function when

As mentioned in thé l%st chapter, Houthakker (1965)
provides evidence for the assumption that labour income is saved at
at a different rate from capital income. This is also supported
by Bhalla (1976) in a study on rural savings in India drawing
on a country-wide sample of rural households. Panikar (1970)
and the study by the National Council for Applied Economic Research
(1965) provide evidence that rural and urkan savings rates are

different.
One reason for the rejection of the Kaldorian savings

function in this study is the large component of self-employed

in a pocr economy. In India, for example, according to the
national accounts statistics, about 50 percent of all factor
income originates as income of self-employed (Government of
India (1976) p. xxxi). This obviously blurs the distinction
% between capital and labor income -- for purposes of determining

¢ the savings rates.

3.5 The Demand System

The Demand System used is the Stone Linear Expenditure
System. Income after savings, or disposable income in sector i

is

YCONSi(t) = (1 - SIABi(t)) Y‘LABi(t) + (1 - SCAPi(t)) YCAPi(t)

i=1, 2,3 (3.19)

The total population associated with labor in each sector is

3
;

] POP. (£) = L. (t)/WPR. (3.20)
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where WPR is the worker participation ratio. These are

different for the urban and rural regions. Thus

WPR2 = WPR3 # WPR

1

In general, a larger proportion of women and children appear
to work in rural areas. DYNURB therefore distinguishes
between members of the labor force and the total population.
As will be evident shortly, this is important for the demand
side of the model.

The Stone system for DYNURB is written

Dij(t) = Bij YCDNSj(t) —kil ij(t) . FMINk(t) . popj(t)}
Pij (t)
+ FMINi(t) . POPj(t) (3.21)
i=1, 2, 3
j=1, 2, 3
§ J . .
iil Bij =1, 8ip=833, 1=1,2,3.0 <Bjis < 1 for all i, j

and the function is not defined when

YCONSj (t) < él ij (t) FMIN, () . POPj (t)

Dij(t) is the total quantity of good i demanded from income
generated in sector j. Bij is the marginal budget share
deyoted to good i from discretionary income in sector j.

Pij(t) is the price of good i in sector j. Here

Py = Pj3 =Py I +ag)
Py) =Py (L +ag)
P31 = P33 1+ aT)

1
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The price difference between regions is attributed to trans-
port costs és for intermediate goods whenever a good has to
be transported outside its own region. The industry and
service sectors being both in the urban region

P = P

23 22

P3p = Pgy

Note that this causes additional demand for transport, l.e.,
that for good 2. FMINi(t) is the minimum amount of good i
required by an individual for subsistence purposes. Stone
regards the expenditures on these as committed expenditures
which can be interpreted somewhat differently from subsistence.

In DYNURB

FMIN, = FMIN, = 0

i.e., only food -- the agricultural good is regarded as
necessary for subsistence. FMINi is allowed to change over
time in DYNURB.

[Note: The standard form of the Stone System is written in

terms of the demand for good i by an individual

B rzl
g. = vy, + . (y - P. Y.)
1 L j=1 J

i

where i is the minimum quantity of good i necessary for

subsistence, P; is the price of good i and y is the individual's

income. The term inside the parentheses is income available

I
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after committed expenditures and may be called discretionary
income. Bi is the marginal budget share of good i from dis-
cretionary income. This demand system is consistent with the

individual's utility function

n
U= ; Bi log (qi = Yi)

(see Goldberger (1967) for derivation)l.
If disposable income is less than the minimum required

subsistence bundle

3
; ij . FMINk(t) POPj(t)

then the demand function is not defined. There is one other
préblem with (3.21) as formulated. To be consistent with the
interprétation of FMIN, as subsistence requirements, savings
should be taken only from discretionary income. This can, of
course, be done easily but is not done here for practical
reasons:

i) The estimation of the savings parameters from standard

national income accounts and household surveys is then made

difficult.

[ ii) Since the demand function is used in the aggregated form
it is reasonable to expect that this misspecification will

not be too significant practically.l

lKWC do not allow savings from labour. Their capitalist con-
sumers also save out of total income and not only discretionary
income.

:
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The use of the Stone system is convenient for DYNURB's
purposes bué presents some problems as well. Pros and cons
are enumerated below.
) i) Unlike other demand systems, the Stone system is con-
sistent with an underlying utility function, the Stone-
Geary utility function outlined above. It can therefore
be stated that each consumer in DYNURB allocates expenditures
so as to maximize his utility function. Every individual
in a sector has an identical utility function. In DYNURB,
urban consumers in the two urban sectors are identical in
their tastes but their tastes differ from those of rural consumers.
Thus,

‘B,_ =B # B, i=1, 2, 3

i2 ~ i3 il

. ii) Aggregation. As shown by Goldberger (1967), individual

demand functions in the Stone system aggregate perfectly if
all individuals have the same utility function. Demand
functions can therefore be aggregated over each sector in
DYNURB. This is particularly useful here because of the role
of FMIN - the individual subsistence requirements - and the
pooling of labour and capital income. This combined income
supports members of the labour force and their depen-

dents. Individual demand functions are therefore not meaning-

ful to write while aggregate functions are. Thus the aggre-
¥ gation property of Stone's system is necessary to DYNURB and

the form used in 3.21 is the appropriate one.

i
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iii) Income Elasticity of Demand: The Stone system can
exhibit "Enéel Effects' easily, i.e. the proportion of
income spent on food can be shown to be declining over time
with that on other commodities rising. These effects in
the Stone system depend on the existence and magnitude of
the FMIN. The income elasticity of demand for good i by

consumers in sector j is

B[YCONSj(t)] Dij(t)

nij(t) = B[Dij(t)] YCONSj(t) (3.22)

Now

3[D, . (0] w B (3.23)
3 [YCONSj ()] Pij (t)

(YCONS. (t) is used in lieu of income because

of the pooling of income from 2 sources)

Consider 2 cases:

i) FMINi = 0 and 1ii) FMINi # 0
when FMINi =0

3
Dj4 () = ;. [YCONSj (t) - I Piy(e) . PoR; () PMmNfe) ]
P (® k=1

Therefore (from 3.22, 3.23 and the above) ,

Ydmﬁj(t)
nq(8) = 3
YOONS, (£) - ) Pyy (B) POP (£) FMIN (£) (3.24)
k=1
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The term in the denominator is positive and less than the

numerator, hence

n..(t) > 1 when FMIN., = 0
ij i

When FMIN, # 0 the numerator in (3.22) becomes

Fij YCONS. (t)
() ]

and the denominator is

3
Dij (t) = 8,. [YCDNS 3 (t) - kz=1pkj FMINS{t)POPj (t)] + F'Mmi(t)POPj ()
P..(t)
ij
If FMIN, = 0, all k # i
D, () = B [ voons, (t)]+ (-84 FMIN; (t) . POP, (£)
Pij (t)

, 8.. YOONS. (t)
i.e. nij(t) = 1) ] (3.25)
_YCONS. (t) + (1-8..) . P..(t).FMIN.t).POP, (t
8, 5 §(6) + (=8;5) . Py (€) EMIIL; &) PO, (t)

1l - Bij >0

hence r&j(t) <1, for FMIN, # 0 and FMINk =0, all k # i

If, however, FMIN, #0

E Big Ycomsj (t)

ni4 (€)= 3
eij YCONSj (£) - POPj (t) sij kzl ij (£) FMIN,_(t) -PijFTﬂINi(t)

)
i.
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then, nij(ﬁ) < 1 if
3
Pij FMINi(t) > Bij kzl ij(t) FMINk(t)
or if 3
. pij (1-sij) FMINi(t) > eij kilpkj(t) FMINk(t)
(3.26)

k#1i

This clearly depends on the relative magnitudes of FMINi(t)

and FMINk (t) . In DYNURB, FMINl (t)> 0O

while FMINZ(t) = FMIN3(t) =0

hence (3.24) and (3.25) hold and

nlj(t) <1 (3.27)

”2j(t) = n3j(t) > 1 (3.28)

Despite the uncertainty in (3.26), in a low income economy,

even if FMIN2 and FMIN3 are non-zero, they can be expected
to be substantially less than FMIN, and (3.26) can be expected

to hold. Then (3.29) and (3.28) will still hold except that

n2j(t) and n3j(t) will not necessarily be equal.

Now consider (3.24) and (3.25) again. Note that as

income increases in both cases nij tends towards 1. When

|

j subsistence expenditures become small compared to income,
income elasticity of demand for all goods tends towards unity
!

: in the Stone System. This is an undesirable feature of this

system. While n,. < 1 is particularly suitable for DYNURB
13

i
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its tendency to increase towards unity as income rises is
less so. In fact, the available evidence would suggest that
< 1, though,

it decreases with increasing income. Aslong as nij

the share of food expenditure in the total .c¢ontinues to

decline.

iv) Constancy of Parameters: One other problem in the system

as formulated is that the Bij's are constant. Stone.and

Brown (1966) get good results for Britain by changing them

cmd dola  de v o
Witii Cine .

| 3i4(8) = 8y (0) + bt
where b 1is a constant.

This appears to be a rather arbitrary way of making this

change with little theoretical justification. For lack of

suitable evidence therefore, the %j's are kept constant over

time in DYNURB.

v) Constant Budget Shares: As a corollary to the comments

in (iii) above, one of the consequences of nij -+ 1 is that
all commodities get almost constant budget shares at high
incomes. This problem is less severe in DYNURB since it is

only concerned with low income countries in their early

stages of development.

vi) Price Sensitivity: One other attraction of the Stone

demand system is that it makes the commodity demands price

responsive:

:
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3
D,. = - B.. YCONS; - ] P, . FMIN . POP.
i3 =~ 7 Fig ] kzl k3 k ]
E oP. . 2
1j Pij
-8,: . FMIN

P..
i]
(omitting the time subscripts for convenience). The own

price elasticity of demand is then

8. .
ij YCONS; - | Py . . FMIN, POP.) +8;. FMIN; POP.
P_,J[ ] ij 3} fi3 . 173
ij

[o>]

i3 - < 4
2 [chxqu ) Py FMOY POPjJ + FMI; POPy

ij (3.29)

If FMINi = 0
P 1

T\lj = =

. . P -
and if FMIN; # 0, since 0 <8ij <10 > nij> 1.

Thus demand is less price responsive for goods that

have a subsistence component.

q
i
o

Cross price elasticity

= 9D, . ij

1]
aij Dij

i
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A

0 for FMINk > 0

0 for FMINk =0

and

i.e. as the price of a subsistence good increases, demand

for other good decreases.

Price changes of non-subsistence goods do not affect

other demands.

vii) Parameter Estimates: There do not appear to be any

Stone system estimates for the Indian economy. This is one
of the drawbacks of using this system. Estimates for DYNURB
are therefore partly judgmental =-:in particular those for
FMIN..

i

To summarize, the Stone system is an appropriate one

+o use for a low income economy since it adequately reflects
the Engel curve effects of a declining budget share for food.

It may not be an adequate system for higher income economies.

3.6 Investment Demand

The demand for investment goods is, ex post, eqguivalent
g to the total savings in the economy. Investment goods, 1i.e.

capital, are produced by the industrial sectorlonly in DYNURB.

A The demand for gross investment
3
§ DINV(t) = _1 L YSAVE, (t) (3.30)

1 . . . .
f The industrial sector includes construction as well as
i machinery and equipment.
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Total capital and total labour are fixed for each

period. For full employment

and

KTOT (t)

Kl(t) + Kz(t) + K3(t)

LTOT (t) Ll(t) + Lz(t) + L3(t)

where KTOT(t) and LTOT(t) are total capital and labour

respectively.

Total urban population is

URBPOP (t) = POPz(t) + POP3(t)

and rural population is

RURPOP (t) = POPl(t)

Total urban labour is

URBL(t) = L2(t) + L3(t)

and rural labour is

3.8

RURL (t) = Ll(t)

Material Balance Equations

Ql(t) = Dll(t) + Dlz(t) + D13(t) + § alej

Qz(t) = Dzl(t) + D22(t) + D23(t) + DINV(t)
+ ; a5 Qj + DTRAN (t)

Q3(t) = D3f(t) + D32(t) + D33(t) + % a3ij

(3.31)

(3.32)

(3.33)

(3.34)

(3.35)

(3.36)

(3.37)
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Qq v Qz, Q;, are total supplies which have to be exhausted
by total demands. Demands for each good are the sum of
consumer demand and intermediate goods demand except for

sector 2. This sector also supplies investment demand and

transport demand DTRAN(t).

DTRAN (t) =ap (DZl(t) + Dy, (t) + Dy (t) + D3l(t))

+ an, (a21 + a3l) Ql(t) + aT(a12)Q2(t)

+ an, (ay5) Q (k) (3.38)

The first line is the demand for transportation because of
transportation of consumer goods and the rest are intermediate

good demands.

3.9 Price Normalization

Prices are normalized in every period on base period

production weights." Thus

iZ s; Pii(t) = 1.0 (3.39)
where si = Qi(l) (3.40)
ZQi(l)

With no money in DYNURB this price normalization is
necessary in every period. There are only relative price
changes, the weighted sum remaining constant over time.

This concludes the description of the static economy.
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3.10 Dynamic Equations

After an equilibrium solution is found for a period,
the economy is allowed to grow. This mainly involves the

growth of factors and technical change.

i) Technical Chahge:
Labour in each sector is augmented at a constant rate

every year. These rates may vary for different sectors:

yi(t+l) = yi(t) (l+kil) (3.41)
xi(t+l) = xi(t) (l+Ai2) (3.42)
Aij >0 i=12,3.

Furthermore, DYNURB also provides exogenous neutral technical

change - of the 'manna from heaven' type. Thus
Bi(t+l) = Bi(t) (1+GBi) (3.43)
where Bi is the scaling parameter in each production function.

ii) Growth of Labour:
DYNURB follows the KWC specification of different

natural growth rates of population in the rural and urban

areas. Thus

URBL(t) (l1+GURB(t)) (3.44)

URBL (t+1)

and RURL(t+1) = RURL(t) (L+GRUR(t)) (3.45)

where GURB and GRUR are the rates of natural population
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increase in urban and rural areas respectively. DYNURB
makes proviéion for GURB(t) and GRUR(t) to vary over time
but does not do so in simulation.

In a recent paper, McIntosh (1975) advances the
following main réasons for lower fertility rates in urban
areas
i) Urban people spend more on education
ii) Children are more of a burden because of overcrowding
He provides convincing evidence that natural population
growth rates are indeed less in urban areas relative to
rural areas.

In line with the model's long term philosophy, people are
assumed to change their behavior instantly on moving between
regions. This goes for consumption tastes as well as re-
production rates. It would be desirable to introduce some
lags in this process. These have been neglected since they
are regarded as second-order effects in the long term.

(3.44) and (3.45) describe a rather primitive popu-
lation sub-model. One of the major extensions of DYNURB is
intended to be one with a more sophisticated population model.
This would trace the age profile and the labour/population

relation more realistically.

Total labour is

LTOT (t+1) = URBL(t+1l) + RURL(t+1) (3.46)

P T e o= AP g
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: iii) Growth of Capital

Total capital depreciates at a constant rate § and

is increased by gross investment DINV. Thus,

KTOT (t+1) = KTOT(t) + DINV(t) - § . KIOT(t) (3.47)

iv) Other Factors

The other factors in the agriculture production function,
Land and Livestock, are allowed to grow at an exogenously specified
constant growth rate. DYNURB is not concerned with their
behavior and merely makes them grow to reflect realistic
magnitudes. This growth should ideally be a result of invest-
ment. This cannot be permitted in DYNURB because investment
goods are produced by Sector 2. If capital was distinguished
by sector of origin, land and livestock increments could be
regarded as resulting from investment in agricultural goods.
This is omitted in the interests of simplicity and resulting

distortions are probably minimal.

IAND (t+1) = IAND(t) (1+GLAMD) (3.48)

IVSTK (t+1) = LVSTK(t) (1+GLVSTK) (3.49)
where GLAND and GLVSTK are the relevant constant growth rates.

v) Savings
Savings are generally observed to grow with increases

in incomes as development programs. This can probably be
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accounted for by the role of minimum subsistence demands

in peoples' consumption and savings functions. This was

mentioned in the discussion of the Stone system. In DYNURB
because .savings are specified to take precedence over

subsistence demands, they have to be made to grow exogenously:

SI_ABi (t+1) SLABi (t) (l+GSLABi) (3.50)

SCAPi(t+l) SCAPi(t)(1+GSCAPi) (3.51)

i=1,2,3.

where
GSLABi and the GSCAPi are the relevant growth
rates in the provportion saved from labour and capital income
respectively.
Lastly, DYNURB allows growth in the minimum subsistence

requireﬁents though it does not use this in simulation.
FMINi (t+1) = FMINi(t) (l+GFMINi) (3.52)

where GFMINi is the growth rate in the minimum subsistence

requirement of good i.

This concludes the specification of the dynamic equations.
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3.11 Summary of DYNURB

All the equations in DYNURB are now listed together.

The Static Model

1. Production Functions
GAM
BET

+ (1~v ) {yp () Ly(®) (0;-1) /0y ] ("1/"’1—1)]
1
(3.1)

- . Oi_l Oj_—l g_l_.
Q, (8) =By {Ti {Xl(t) Ki(t)} a; + (Q=yy) {Yi(t) Li(t)} 0&_}0i_1

i=2,3. } (3.2)
n equations

2. Net Price Equations:

(Time subscripts on Pij and PSTARii omitted).

PSTAR;; = Py - a;Pyg * azl(1+aT)P22+a31(aTP22+P32):|

PSTARy, = P2 a15P11 * 322 Pop * 21230P22%232P3, |
-

|
J
|

| PSTAR35 = Pyg = | 74Py 7 + 353 Py 7 a13aTP22+as3P32:]

§ (3.3b)

n equations

=

¢
!

fi
e

&
i
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3. Factor Demand:
Labour Wages: l/¢l
W, (t) = PST (£) (1-v,) B (9=D)9y Qr
. PR [Yi (‘t)‘L—l(a}
l/Ul
. BET Ql(t)
Qr(t) (3.4)
(Ol—l/ol) g4-1 il_
Qr(t) = Bl [Yl‘{xl(t) Kl(t) } + (1—y1){ yl(t)Ll(t)}_—cl ]cl-]_
(3.5)
f}:i Q. (t) Lﬁﬁ
W. (£) = PSTAR,. (t) (1-v.,) B, 0. { i }
i ii i’ i i §IF3T§757
i=2,3 (3.6)
n eguations
Capital Rentals:
o 16
- gt rorw 1
Ry (£) = PSTAR), (8) - vy - By g | % (K, (D)
l/cl
- BET { Ql(t)] (3.7)
Qr(t)
g;-1 1/O:i.
Q. (t)
R.(t) = PSTAR,.(t) . Y. « B. o bl
i il i i 1 [ Ok )
i i
i=2,3 (3.8)

n equations
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Land and Livestock Returns:

RENT (t) = PSTAR,, (t) . ALPH Q, (t
LAND (t)
RLVSTK (t) = PSTAR,, (t) . GAM. Q, (¥)

LVSTK (t)
2 equations

Wage and Rental Structure:

wi(t) 0. Wl(t)

1

Ri(t) 05 Ri(t)

4 equations

4., Savings:

YIAB, (t) = y; (£)W, (£) L (f)
i=1, 2,3
YCAP, (£) = Xy (t) Ry(t) K (£) + RENT (t) .LAND(t)
+ RLVSTK(t) .LVSTK (t)
YCAP, (t) = X, (£) R;(t) K, ()

i=2,3
(income from labour and capital)

n equations
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(3.11)

(3.12)

(3.13)

(3.14)

(3.15)

(3.16)

(3.17)
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= \ . - P,
YSAVEi(t) SLABi(t) . YLABl(t) + SCAPl(t) YCA l(t)

. (3.18)
i=1, 2, 3 p equations
(income saved)
5. The Demand System.
YCONSi(t) = (l—SLABi(t)). YLABi(t)
+ (1 - SCAPi(t)) YCAPi(t) (3.19)

i=1, 2, 3.

(disposable income) n equations

P.OPi(t) = Li(t)/ WPRi

(3.20)
i=1, 2, 3. n equations
(population)
. = B.. . - P, .(t).rm t) .POP. (t
Dij(t) B 4 YCONS](t) E=l kj( ) . FMIN (t) J( )
P..(t)
1]
+ FI‘-’UNi(t) . POPj(t) (3.21)
i=1, 2,3 2 .
n~ equations
j =1, 2, 3

(demand for good i in sector j)
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P1p = Pi3
Py = Pa3
P3p = PFi3
P12 - Pll(l-i-aT)
Pyy = Pyyll+ag)
= 2 n ecuations
P3p = Pyyll+ap) !
(price equations)
6. Investment Demand
1 3
DINV (t) ==— ) YSAVE, (t) (3.30)
P,,(t) =1 i .
22 1= 1 equation
7. Factor Employment
KTOT (t) = Kl(t) + K2(t) + K3(t) (3.31)
LTOT(t) = Ll(t) + Lz(t) + L3(t) (3.32)
2 equations
|
f URBPOP (t) = POPZ(t) + POP3(t) (3.33)
|
: RURPOP (t) = POPl(t) (3.34)

i
i
i

i

l
'
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URBL(t) = Lz(t) + L3(t) (3.35)
RURL (t) = L; (%) (3.36)
4 equations
(regional population and labour)
8. Material Balances

Ql(t) = Dll(t) + Dlz(t) + Dl3(t) + ; a1j Qj

Qz(t) = Dzl(t) + D22(t) + D23(t) + DINV(t)

+ ra,. Q. + DTRAN(t
3,5 Q4 (t)

0.(£) = D,,(t) + Dy,(t) + D, (t) + L a,. Q.
3 31 32 33 3 35 <3 (3.37)

n equations

DTRAN(t) = aT(DZl(t) + Dl2(t) + Dl3(t) + D3l(t))

+agp (ay; +a;) Q) (f) + ag a;; (%)
+ ap ag, Q3(t) (3.38)
1 equation
9. Price Normalization:
- Q
I s, Pii(t) 1.0 (3.39)

1 equation
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s, = D (3.40)

i=1, 2, 3. n equations

10. Dynamic Equations:

Technical change

yi (E+1) = y. (£) (1+r;4) (3.41)
Xi(t+1) = xi(t)(l+xi2) (3.42)
Bi(t+l) = Bi(t)(l+GBi) (3.43)

3n equations

(The t subscript on B, is omitted in the static
model)

Growth of Labour

URBL (t+1) = URBL(t) (L+GURB(t)) (3.44)
RURL (t+1) = RURL(t) (1L+GRUR(t) (3.45)
LTOT (t+1) = URBL(t+1l)+RURL(t+1) (3.46)

3 equations

Growth of Capital

KTOT (t+1) = KTOT(t) + DINV(t) - SKTOT(t) (3.47)
1 equation

i
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Other Factors

f LAND (t+1) = LAND(t) (1+GLAND) (3.48)

LVSTK (t) (1+GLVSTK) (3.49)
2 equations

LVSTK(t+1)

Savings
SLABi(t+l) = SLABi(t)(l+GSLABi) (3.50)
SCAPi(t+l) = SCAPi(t)(l+GSCAPi) (3.51)
FMINi(t+l) = FMINi(t) (l+GFMINi) (3.52)

3 equations

Now, in the static model, there are 13n + n2 + 15

equations. With n=3, this is 63 equations. Walras' Law

can be assumed to operate, making one demand equation re-

dundant. Hence the static model has 62 independent equations.

List of Endogenous Variables.

1. Qi(t) n Sectoral outputs.

2. Ki(t) n Sectoral capital stocks
3. Li(t) n Sectoral labour force
4. Pij(t) n2 Prices of commodities
5. PSTARii(t) n Net Prices

6. Wi(t) n Wages

7. Ri(t) n Capital Rentals

8. RENT (t) 1 Land rent

9. RLVSTK(t) 1 Return to Livestock
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

22.

YSAVE, (t)
YCONS, (t)
YCAP, (t)
YLAB; (t)
POPi(t)
Dij(t)
DINV (t)
S3

URBPOP (t)
RURPOP (t)
URBL (t)
RURL (t)

DTRAN (t)

Tﬁere are 12n + 2n
which equal

static model.

103

n Sectoral savings

n Sectoral disposable income
n Sectoral property income
n Sectoral labour income

n Sectoral population

n2 Sectoral commodity demand
1 Investment demand

n Price weights

1 Urban population

1 Rural population

1 Urban Labour

1 Rural labour

1 Transport demand

2 + 8 = 62 endogenous variables,

the number of independent equations in the

List of Exogenous Variables and Parameters

l‘

|

KTOT (1)
LTOT (1)
LAND (1)
LVSTK (1)
y; (1)
X, (1)
B; (1)

Ti

Initial Capital Stock

Initial Labour Force

Initial Land Endowment

Initial Livestock

Initial Sectoral labour quality
Initial sectoral capital quality
Production Function Scaling Parameter

Sectoral capital intensity parameter
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10.

11.

12.

13.

14.

15.
l6.
17.
18.
19.

20.

21.

22.

23.

24,

25.
26.

27.

ALPH
GAM

BET
EXPK,
1

EXPL,
1

SLAB, (1)
1
SCAPi(l)
GSLAB.

1
GSCAP.
1
WPR.,
1

FMIN,
1

Ail

104

Sectoral elasticity of substitution
Share of Land in Agriculture
Share of LVSTK in Agriculture

Share of Labour & capital in agri-

culture

Share of capital in Cobb-~Douglas
functions |

Share of labour in Cobb-Douglas

functions
Cobb-Douglas Scaling Parameter
Input-output coefficients
Transport coefficient
Wage differentials
Rental differentials

Initial saving rate from sectoral
L income

Initial saving rate from sectoral

K income

Growth rate in labour saving coeff-
icient

Growth rate in capital saving co-

efficient

Sectoral (regional) worker partici-
pation ratio

Marginal budget shares by region
Minimum subsistence levels

Labour augmenting rates
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28. Aiz n Capital augmenting rates

29. GBi n Neutral technical change rates

30. GURB 1 Natural growth rate of urban labour
31. GRUR 1 Natural growth rate of rural labour
32. s ' 1 Rate of capital depreciation

33. GL2AND 1 Rate of land increase

34. GLVSTK 1 Rate of Livestock increase

35. GFMIN, n Rate of increase in FMIN,

There are 20n + 2n2 + 13 = 91 numbers required to run
a simulation of DYNURB. This is a relatively small set of

data to run a simulation model

K
I
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j 4. Preparing DYNURB for Simulation:

Model Solution and Parameters

This chapter presents the procedure for solving DYNURB
and the selection of parameter values and initial conditions to
reflect the progress of the Indian economy from the year 1951.
The first section brovides an outline of the solution technique
while the second gives information on choice of parameters and
initial conditions. The next chapter will give the results of
simulation along with actual values for the Indian economy

wherever possible.

4.1 Model Solution

At the end of the last chapter it was shown that the
number of equations in DYNURB is equal to the number of endo-
genous variables in the static model. This provides assurance
that a solution is feasible. With neoclassical production
functions and the demand system used, it is reasonable to expect
that a unique solution exists for the model. This study does
not investigate the existence properties of the model, nor its
stability properties any further. However, given that there is
more than on consumer, the theoretical probability of non-uniqueness
exists. Practically, it is likely that the solution is, indeed,

unique since various initial conditions were found to lead to the same solution.

As Johansen type general equilibrium models go, it is
obvious from Chapter 2 that DYNURB is a model which is relatively
small in size though rich in complexity. Dervis (1973) outlines

three approaches to the computation of model equilibrium:
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i) The Scarf approach'is based on a systematic search in
the price-simplex for a vector, that (approximately) maps

. . ]
into itself. This utilizes the existence proofs based on

fixed point theorems.
ii) The Walrasian approach uses Walras' model of the work-
ings of a market system. It gropes for the equilibrium
market clearing quantities by adjusting prices in response
to excess demands.
iii) The Direct approach finds a solution to the set of
b simultaneous equations representing the general equilibrium
economic system. This is usually done by iterative methods
such as the Gauss-Se.idel method.

Details of these methods are not given here since they
are adequately dealt with by Dervis (1973), chapter 4, and
Adelman-Robinson (1976), chapter 5. The latter have a fairly

exhaustive discussion of various solution strategies and

of their adequacy for different types of models. Here only
an outline of the solution algorithm will be given.
In Adelman~Robinson terms, the strategy used to solve

DYNURB is the 'product-market' strategy. Dervis and F.Ahmed

% (1974) used factor market strategies. DYNURB faces one
prcblem not encountered by any of the above. They all fixed
capital allocations before solving for labour markets (or

vice versa as in Dervis) and product markets. In DYNURB wages

IS T
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and rentals and therefore capital and labour allocations
have to be determined simultaneously. With constant returns
to scale pféduction functions the longhrun supply curve is
flat. Thus, if one sector is more profitable at one level
of production, it is so at all levels. If it is attempted
to find equilibrium wages and rentals simultaneously, there
is a tendency for all resources to shift to the most profi-
table sector. One resource therefore has to be made 'less
mobile' -- in this case capital -- to be able to find the
solution. The solution technique outlined below is therefore
somewhat different from Dervis, A-R and Ahmed. It is most
similar to A-R, who also use a product market strategy, but
are able to fix capital stocks by firm before solving the

labour market.

Solution Procedure:

Fig. 4.1 illustrates the solution technique used to
solve DYNURB.

In summary, a set of initial prices are assumed along
with a set of labour and capital allocations by sector.
Total labour and capital stocks are fixed for the period.
The labour market is then solved for market clearing wages
as if capital allocations were fixed. Given resulting
factor incomes, product demands are calculated along with
intermediate demands and investment. Excess demand equations
are formed and prices changed in response. The labour market
is then solved again followed by the product market-until a

set of market clearing wages and product prices are found -
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all the while acting as if capital allocations were fixed.

It is only Ehen that an excess demand capital equation is
formed and capital rentals changed accordingly resulting in
a revised allocation of capital. This allocation is then
treated as fixed and the whole process repeated until a
final solution is reached in which all markets: the labour
market, the goods markets and the capital market are all in
equilibrium and give a set of solution wages, rentals and
prices. Associated with these are sectoral capital and
labour allocations and outputs. Thus the model essentially
solves 5 markets: the markets for labour and capital and
the markets for the 3 goods. The efficiency labour and
capital are homogeneous and have a given intersectoral wage
structure. Each is therefore regarded as an economy-wide
market. The solution technique can be regarded as simulating
a market economy: capital is 'less mobile' than labour and
prices adjust in response to excess demands. As mentioned
earlier,if labour and capital are made equally mobile, i.e.,
solved simultaneously, the constant returns to scale nature
of the production function shifts all production to one
sector. Capital is therefore 'artificially' fixed for the
solution of the labour and goods markets.

The above is now described in somewhat greater detail.

i) The Labour Market: Given an initial allocation of prices,

i
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labour and capital, sectoral outputs are calculated and then
the corresponding wages according to marginal product. The
wage structure is then imposed on a weighted mean of the
wages and corresponding labour demand found. There is a
difficulty here since the functions used are C.E.S. functions
and it is difficult to find an explicit equation for labour
demand - although a polynomial expression can be derived.
Here the marginal product equation is used directly in a
Gauss-Seidel iteration. Given the wage, labour demands are
calculated. These are resubstituted to give revised outputs
and wages until the process converges to give the labour de-
mands consistent with the outputs and imposed wage structure
along with the equality of wages to marginal product in each
secfor.' The excess demand for labour equation is then formed
with sum of labour demands and the labour supply fixed for
the period. A simple market solution algorithm is then used.
This algorithm is the same for all the markets, and is there-
fore outlined generally} The excessdemand equation for a

good X (or factor) may be written

This is associated with a price P which is then altered to PN

in response. If
1

This was developed with Sherman Robinson's guidance.
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i) 'EDx >¢, PN > P

ii) ED_ <=e, PN < P
iii) - e < EDX<e PN = P
where ¢ is a small positive number

The rule for the change is

PN

It

P (1+DP)
where DP = DAMP (gg]
XS

DAMP merely damps the change in price response to excess de-
mand. DP is constrained to be less than 10% to guard against
wild fluctuations. In the solution of DYNURB, DAMP is set
at 0.3 for all the markets. Solution was also tried for
DAMP = 0.6. While a solution in an individual market was
speeded up, the number of iterations required to solve all
the markets increased. ¢ = 0.002, i.e. excess demand or
supply may be no more than 0.2 percent.

Labour demands are recalculated in order to equate
the new wage in each sector (obeving the imposed wage structure).
This is done until labour demands and supply satisfy the
convergence criterion e. This is loop 4 in Fig. 4.1. Con-
vergence is usually reached in less than 5 iterations of

this loop. The new labour allocations are used to recalculate

outputs and wages and the process repeated (loop 1) until

§ change in wage in each sector from previous iteration is less
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than about 0.05 percent.[The convergence criterion is .0001
in absolute terms where Wl is in the order of 0.2 to 0.3].

In this way convergence criteria are applied to both guantity
and price (wage) changes. Convergence is usually reached in

less than 5 iterations.

ii) The Product Market: The labour market having been

solved and with the initial capital allocation, capital
rentals are calculated and thén all factor incomes. Commodity
demands, intermediate demand (including the demand for trans-
port) and investment demand comprise total demand for each
of the three goods. The procedure outlined above is used to
alter prices in response to excess demands in each market.
This is done as if each market is independent: i.e., the
Jacobian is treated as if it is diagonal. This is clearly
incorrect but is adequate for a model as small as this.
Changed prices are normalized according to base year pro-
duction weights (Egn. 3.39, 3.40).

The labour market is then solved again with the changed
prices which is followed by another product market simulation.

This is loop 2 in Fig. 4.1. This is repeated until the

product markets clear , along with the labour market. This
solution is usually reached in less than 5 iterations of

loop' 2. More than 10 iterations are seldom required.

iii) The Capital Market: Given the labour and product

i
i
h'
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market equilibrium at fixed capital allocatioﬁs, capital de-
mands are re-calculated based on the imposed rental structure
(here rentals are egualized across all sectors). Rentals

are changed by the same algorithm as outlined above and
capital allocation re-calculated until total capital demanded
and supplied are within the 0.2 percent convergence criterion
(loop 5). The new capital allocations are then used to solve
the labour and product markets again until all the markets -
labour, products and capital - are simultaneously in equili-
brium. This is loop 3 in Fig. 4.1. The convergence criterion
used here is that change in rental (in the outer loop 3)
should be no more than about 0.1 percent (this is in absolute
terms: 0.0001 where rentals are in the order of 0.1). This
convergence usually takes place in about 10-15 iterations of
loop 3.

A note of caution is in order here. The most conver-
gence difficulty is found in loop 3. The reason is the one
menticned earlier. Changes in capital allocation between
iterations should not be too large to violate the 'as if'
fixed capital fiction. In some simulations, it may be
necessary to change capital allocations less than that re-

quired by the rental = marginal product of capital condition

in loop 5.l In the simulations of India, reported in this

. This was found to be a problem in a later attempted
simulation of Korea.
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‘e

study, this was not found to be a significant problem. It

clearly depends on the price elasticity of demand for capital.

iv) Growth of the Economy: After the solution to a period

is found, the economy grows according to equations (3.41) to
(3.52). Sectoral factor allocations are made to grow at the
overall factor growth rate to provide initial values for the

next period.

This concludes the outline of the solution technique.

_DYNURB was simulated on the Princeton University IBM
360/91 computer. The program takes about 25 seconds to
compile it a cost of about $10. It solves for 35 periods in
less than 5 seconds at a cost of less than $2. It is there-
fore relatively cheap to run and each experiment can therefore
be performed at low cost. The total cost of developing the
program, debugging it, solving the model and performing

experiments with it was about $1800. This could, perhaps,

have been reduced to about $1500 if debugging were more
efficient. These figures are given so that any benefits

derived from such an exercise can be weighed against the

costs incurred.
In the context of a low income country, the cost

of such models is not inconsiderable. Expansion of

|
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the model to a greater number of sectors or labour classi-
fications ete. would be correspondingly expensive. DYNURB
is programmed to make expansion up to 5 sectors quite easy.
Solution technique would probably have to be changed and

the full Jacobian accounted for in a further expansion.

4.2 Choice of Parameters and Initial Conditions

Ideally, the parameters used in a model such as DYNURB
should be estimated from data. This is not done here
partly because of time constraints and partly because the
model is regarded more as a theoretical exercise rather than an
enmpirical one. One of the advantages of a small model is that
plausible parameter values can be educated guesses without
causing significant errors. In the case of some parameters
it is no£ even unreasonable to 'estimate' them by trial and
error. Some idea of the effects of possible errors in para-
meter values is also gained by sensitivity tests which are
reported in Chapter 6. Gaining a knowledge of the
sensitivity of an economy to structural changes, i.e. changes
in parameter values, is indeed, one of the objectives of this

study.

j The parameter values used in the model are now provided
along with explanations of their derivation. Initial values
of some endogenous variables are also necessary and these are

reported as well.

1.
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4.21 Production Parameters: The production parameters

needed are the

Bi - scaling parameters
o; - elasticity of substitution
Y; Co- capital intensity parameters

and ALPH, BET and GAM, the factor output elasticities or
shares in the agricultural sector. Since there are no studies
estimating the required C.E.S. production function parameters
they have to be approximated from indirect information as

detailed below:

Factor Shares: For C.E.S. functions, with the assumption

of constant returns to scale and profit maximization, it is

easy to show that

(4.1)

K _ ¥ [K (0=1) /0
WL l-y (L

Thus vy can be calculated from information on factor shares
and capital-labour ratios in each sector.

There do not appear to be many studie¢ - on the estimation
of aggregate production functions for India, except those for
the agriculture sector. Those that exist are usually estimates
of the Cobb-Douglas production function. For the manufacturing
sector there are a few early studies, Murti and Sastri (1957)
Tewari (1951), Dutt (1955) and Bhatia (1954) and an unpublished

later study, Evenson-Oomen (1974) which attempted to estimate
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a C.E.S. function and only reported preliminary tentative
findings. Murti and Sastry's study was based on cross
section data on individual firms while the others were based
on industrial aggregates. The exponent for labour varied
from about 0.53 to 0.77 in these studies with the lower
figure coming from the cross section data. With the usual
assumptions, these estimates should also correspond to the
labour share in the sector. According to national income
acocunts, in the organized sector, labour share accounted
from 65 to 70 percent of income between 1960 and 1974 (G.O.I,
1976, p. xxxi). The sectors in DYNURB, however, include
organized and unorganized parts of the economy. The latter,
of course, include a large proportion of the self-employed.
It is assumed here that in such enterprises the imputed
factor shares are not significantly different from the rest
of the economy, though they could tend to have somewhat
larger labour shares. The service sector includes the whole
public administration and defence sector and so labour share
can be assumed to be somewhat higher. Thus in DYNURB,

assumed factor shares are:

f Labour Capital

2]

H Industry 0.60 0.40
Services 0.70 0.30

For agriculture, Evenson and Jha (1973) report factor shares

for each state for 1960 and 1971. They fall in the following

3
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ranges (excluding outliers)

Labour 0.40 to 0.68
Capital 0.01 to 0.10
Land 0.20 to 0.40
Livestock 0.04 to 0.18

Clearly each has a large range because of different
factor endowments between states. In general, land share
tends to rise over time while that of livestock declines.

In DYNURB, the factor shares in agriculture are chosen to

be:
Labour 0.55 i.e. BET = 0.62
Capital 0.07
Land 0.33 ALPH = 0.33
Livestock 0.05 GAM = 0.05

Evenson-Jha include fertilizer as a factor when the
correct interpretation of it would be as an intermediate input.
This causes some error in their estimates. The value of GAM
assumed is on the low side because of its observed tendency

to decline over time.

o, = The Elasticity of Substitution: It was remarked in

the last chapter that the estimates of g differ widely over
industries, over time and over countries. It is therefore
difficult to provide good justification for any values used.

However, there appears to be general agreement that the

vt e
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elasticity qf substitution between labour and capital is
greater in the agriculture sector than in the manufacturing
sector. One of the reasons is that many of the manufacturing
techniques used in these countries were designed in the
developed countries. Thus for any particular purpose there
are a limited set of technology choices possible at any time.
The changes in K/L ratios in response to factor price changes
would therefore be necessarily limited. The vast literature
on labour absorption in manufacturing - reviewed for example
in Morawetz (1974) - in low income countries is really con-
cerned with the elasticity of substitution, although such
concern is usually expressed as concern for labour emplovment.
Thus, in this study, Oor the elasticity of substitution in
industry, is assumed to be relatively low and set at 0.6.
This value is supported by the Evenson-Oomen study - tentative
though it is.

Kelley~Williamson-Cheetham (19272) assert o1 (agriculture)
to be 1.5 and Kelley-Williamson (1974) later use a Cobb-
Douglas function for Meiji-Japan. The many studies on Indian
agriculture e.g. Evenson-Jha {1973) also assume the Cobb-
Douglas function. Since agricultural technigues are usually
more indigenous than those in manufacturing and have adapted
over a long period of time to local conditions, these tech-
niques may be regarded as more appropriate for local, relative-
factor price changes. The techniques of agricultural pro-

duction change more with country or agro-climate region
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than techniques, say, in manufacturing. This would suggest
that such techniques are more adaptable or flexible. Hence

o here is set at 1.2 = a figure.between those used in the two

Kellev~-Williamson studies.

Since the production function for services has never
really been estimated, o4 is purely notional. - The service
sector includes such di;;rse sectors as housing and real
estate on the one ‘hand and personal services on the other.
The former consists almost entirely of capital services while
the latter of labour. The service sector is also more
economy specific than manufacturing. But because of the
presence of capital dominated sectors such as real estate,
it is postulated here that the overall elasticity of sub-
stitution in services is less than that in agriculture.
Hence o, < 03 < o;3,and o, is specifically set at 0.8.

The values of O3r Tyr Og postulated in this study are

compared with those used in a few selected studies in Table

4.1. (overleaf).
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Elasticities of Substitution in Selected Studies

Table 4.1
Agriculture Industry Services

1. DYNURB 1.2 0.6 0.8
2. Dervis (1973) 1.0 .7, .85, .8, 0.9,

(CES variant) .92, .65, .89, 0.86

.4’ .5’ .6
3. KWC (1972) 1.5 0.5
4, K-W (1974) 1.0 0.8
5. Kendrick=Taylor 1.2 0.9, 0.9 N.6
(1972)

Note: (1)

(2)

Dervis' industrial sectors are mining, food

and tobacco products, textiles, light manufacturing,
heavy manufacturing, transport equipment, energy,
transport and communication and construction.

His service sectors are trade and services.

K~T's industrial sectors are light manufacturing
and heavy manufacturing.
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and with the chosen

initial conditions, the production parameters used in the

basic simulation of DYNURB are:

Production Function Parameters

Table 4.2
Bi Y3
1. Agriculture 0.3821 0.1363
(0.5457)
2. Industry 1.0339 0.5385
(1L.0960)
3. Services 0.7568 0.3444
(0.7520)

Note:

4,22

the 32 sector modified I.S.I

Shares

L K
0.55 0.07
0.60 0.40
0.70 0.30

(1) Figures in parenthesis are for the corresponding

Cobb-Douglas specifications.

(2) In agriculture, ALPH (Land Share)

GAM (LVSTK share) = 0.05, BET = 0.62.

Input Output Table

0.33,

The input-output table used in DYNURB is derived from

(Indian Statistical Institute)

input - output table for 1960~61 (as reported in Eckaus and

Parikh (1968).

The sectoral aggregation is given in Table 4.3.

The resulting input-output table used in DYNURB is given in

Table 4.4.
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DYNURB Sectors

1. Agriculture

2. Industry

3. Services

Lt
i
;1
2

Note: The I.S.I.

Table 4.3 Sectoral Aggregation for Input Output Table

ISI Sectors

11 Plantations

12 Animal Husbandry

15 Food grains

18 Other Agriculture
21 Forestry Products

Lot W -
.

10.
12.
14.
l6.
17.
19.
20.
22,
23.
24.
25.
26.
27.
28.
29.
30.

31.
32.

Construction, urban
Construction, rural
Electrical equipment
Transport Equipment

Non electrical equipment
Iron and Steel

Iron-Ore

Cement

Other metals

Other minerals

Leather & leather products
Food Industries

Cotton and other textiles
Jute textiles

Chemical fertilizers
Glass and non-metallic minerals
Motor Transport
Petroleum products

Crude oil

Rubber products

Synthetic Rubber
Chemicals

Railways

Electricity

Coal and ccke.

Housing
Others.

input-output table is given as
table 3.2 in Eckaus-Parikh (1968)
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f Table 4.4 Input-Output Table Used in DYNURB

! Agriiulture Indistry Sergices
| 1. Agriculture 0.08 0.19 0.14
E 2, Industry 0.03 0.30 0.03
é 0.003 0.070 0.004

3. Services

Source: Aggregation according to Table 4.3 of Table 3.2

in Eckaus-Parikh (1968) p. 38.

The value of an = the transport coefficient is set at

0.005 in accordance with the transport coefficient in the

I.S.I. table.

4,23 Demand Parameters:

As with the production side there are no estimates of

; the demand system used in this study. The Stone Linear

Expenditure system does not appear to have been estimated

for India. There are, however, many consumption studies

with different approaches like NCAER(1967), D.B. Gupta (1973),

and B.M. Desai (1972). Most of such consumption studies are

7 based@ on either the Government of India annual National

Sample Surveys (N.S.S.) or the occasional NCAER surveys.

Table 4.5 gives some results from Desai. The results in

|
2]
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g Table 4.5 Consumption Pattern in India
% A. Rural
1 2 3 4 s 6 7 8 9 10 11
: Rs/per cap/month |Foodgrains Milk Clothing
Decile | Approx.Monthly EXp. n MPE APE n MPE AFE n MPE APE
1,2 8.93 3 .93 .60 .64 2.81 .07 .02 2.48 .06 .02
3 13.14 .72 .43 .60 2.19 .09 .04 2.17 .08 .04
4,5 17.80 .60 .32 .54 1.8 .11 .06 {2.00 .11 .05
6,7,8 24.13 : Sl .24 .47 1.60 .12 .07 }(1.87 .13 .07
9 30.71 46 .19 .41 1.45 .12 .08 {l1.80 .16 .09 |
9 to 9.5 41.89 .40 .14 .35 1.30 .12 .09 |{1.72 .19 11
9.5 to 10. 85.84 .33 .07 .22 1.09 .12 .10 {l1l.62 .29 .18
Mean 24.43 .52 .24 1.59 .12 1.87 .14
B. Urban
1 2 3 4 5 6 7 8 9 10 11
1,2 E .92 .50 .54 2.29 .09 .n4 |4.41 .02 .01
3 .61 .30 .49 1.83 .11 .06 [3.25 .05 .02
4,5 As above | .44 .18 .42 1.57 .12 .08 }2.61 .08 .03
6,7,8 . 1.31 .11 .35 1.38 .12 .09 {2.14 .09 .04
-9 .23 .07 .29 1.27 .12 .10 (1.85 .10 .06 -
9 to 9,5 16 .04 .23 l.l6 .12 .10 {1.57 .11 .07
9.5 to 10. 05 .01 .12 l1.00 .11 .11 |1.18 .10 .09
Mean .30 11 1.38 .12 2.12 .09

Notes: (1) MPE - Marginal propensity to spend
APE - Average propensity to spend
n - Expenditure elasticity of Demand

(2) The Monthly expenditures given in column 2 are all
India averages - urban and rural are therefore
somewhat different.

Source: B.M. Desai (1972) Table 3, p.l5.
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Gupta (1973) are similar. | Note from table 4.5 that

1) Income 6r expenditure elasticity of demand for food grains
is much greater in rural areas than in urban. areas, and de-
clines with income in both areas. The marginal propensity

to expend (MPE) is also correspondingly greater.

2) The average propensity to expend (APE) or average budget
shares of food grains declines with income indicating some
subsistence minimum.

3) The income elasticity of demand for clothing declines with
income while the marginal propensity to expend increases.

This would be in accordance with the Stone system where
clothing would be a non-subsistence good.

4) The MPE for clothing is higher in rural areas than in

urkan. This is probably explained by lower incomes in rural

areas and the availability of a wider variety of goods in
urban areas. In addition, expenses on service essentials
like housing are liable to be greater in urban areas.

5) The mean figures are in close accord with those for the

6th, 7th and 8th deciles. This indicates the inequality in

income distribution.

The above observations indicate a pattern which is in
accordance with the implications of the use of the Stone
svstem which were described in the last chapter. The caveat

mentioned there is shown in Table 4.5: the income elasticity
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of demand for foodgrains declines with a rise in income,
as does theAaverage propensity to expend. The n for food -

a necessary subsistence good - was shown to rise from a

i number less than 1 towards unity.

By interpreting the MPE's to approximately correspond

f' to the B's in the Stone system, the demand parameters
derived for DYNURB are shown in Table 4.6. Expenditures on
foodgrains and milk are assumed to correspond to sector 1

in DYNURB; clothing is regarded as the main industrial good

consumed in a low income country such as India; and the
service parameters are essentially residuals; minimum sub-
sistence requirements for food are taken to be about 40 percent

of average monthly expenditure for the mean. The APE for food-

grains for the 6th, 7th, 8th deciles is .47 in rural areas and .4

S

therefore seems a reasonable assumption. Note that this B8

: estimation is necessarily tentative and rather arbitrary

| though informed by actual consumption studies.

Table 4.6 Demand Parameters for DYNURB

!
f Rural Urban

i‘ Goods Agricultural Industry Services
: Bi1 Bi2 ®i3
Agriculture(slj) 0.40 0.25 0.25
Industry (sz) 0.25 0.20 0.20
Services (63j) 0.35 0.55 0.55
FMINl = 0.1 , E’MIN2 = FMIN3 = 0

Source. Table 4.5 and text.
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A few words by way of interpretation are necessary
here:
i) The B8's for sector 3 look rather large. This is partly

because government (including defence) is included in sector

§ : 3. Government is financed through taxes but DYNURB does not
have any taxes in the model. Thus, what would normally go

in taxes is included as demand for services here. In India,
rural taxes are largely indirect taxes, while urban taxes
include income taxes as well.

ii) Recall that the service and industrial sectors are bhased
in urban areas in DYNURB. It is also reasonable to interpret
that services are space specific i.e. can only be consumed

in urban areas. Government services, banks, etc. are
therefore assumed to be in urban areas and rural people have
to travel there to consume them. It would, however, be
consistent to also interpret that services while produced in
the urban areas are 'transported' to rural areas. Some
government services and mobile banks, movies, etc. can easily
come in this category. The am coefficient is therefore quite
important in such an interpretation of the service sector.
iii) One of the central points in this study relates to the
importance of the service sector in the urbanization process.

The large service B's for urban areas support this point

strongly.

ﬁ
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4,24 Savings

Savings are made from all sources of income in DYNURB.
The model allows different savings rates from labour income
and capital income and for urban and rural areas, While
there is evidence that more is saved from capital income
and less from labour income - as pointed out in the last
chapter - these rates are presumed to be the same in the
simulation of DYNURB. This is in recognition of the large
self-employed sector in India. Since income from both
sources is pooled in this model, it does not really make
sense to distinguish the source of income for savings purposes.

There is, however, a need to assume different rates
of savings for the urban and rural sectors. Diwan (1968),
L for examﬁle, finds that 60 percent of all savings in India
come from the urban sector (which has just over 20 percent
of the population). Greater availability of financial
intermediaries is probably one cause of this. Rural savers
are more dependent on returns to investment in their own
enterprises and their savings are therefore more constrained.
Non-monetary savings, though accéunted for in some studies,
e.g. Panikar (1970), are clearly difficult to estimate and
may well be understated. Panikar finds the rural savings
rate to be 8.2 percent, the urban rate to be 17.2 percent.
Bhalla (1976) in a study of rural farm households finds the

average rural savings rate to be 13.8 percent in the period

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



4 131

: 1968 to 1970. The national income accounts show the national
& average savings rates to be gradually increasing with time.
Table 4.7 shows gross capital formation as a proportion of
gross domestic product over the period 1950 to 1974. While
savings rates are somewhat less than this because of net
foreign transfer the difference is seldom greater than 2
percentage points. Because DYNURB has no foreign sector,
savings are identically equal to investment. In the interest
of accurately tracing the growth experience of the economy
it was decided to use the gross capital formation information
to reflect savings rates. While the increase in the rate of
savings is not consistent because of bad years owing to
weather variation, etc., the upward trend is unmistakable.
DYNﬁRB takes account of this by postulating a growth rate
in the rate of savings. Table 4.8 gives the chosen savings
parameters.

One further point worth mentioning here is that, in
( India, household savings account for 65 to 80 percent of
total savings (G.0.I. (1976), p. xxxv) - thus the depiction
of savings in DYNURB is a good approximation of reality.

Depreciation

Dholakia gives the following table in his derivation

of the rate of depreciation of capital stock. (Table 4.9)
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|
é Table 4.7 Gross Capital Formation in India - A Proxy
: for Savings Rates
GCF as GCF as
Year percent of G.D.P. Year percent of G.D.P.
1950 11.23 1963 15.9;
1951 11.85 1964 17.32
1952 12.66 1965 16.67
1953 9.84 1966 19.12
1954 12.65 1967 18.95
1955 12.55 1968 16.72
1956 13.43 1969 18.03
1957 17.42 1970 16.7
1958 16.22 1971 17.3
1959 15.09 1972 17.2
1960 14.86 1973 18.4
1961 15.16 1974 17.2
1962 14.42

Source: (1) 1950-1969 Dholakia (1974), Table V-c-5, p. 197

(2) 1970-1974 GOI (1976) Table 12, p. 32.

Note (1) that since the series is taken from two
different sources it is not completely
consistent. Source (1) is at const.
1960-1961 prices while source (2) is at
current prices. This inconsistency is
not important for the purposes of DYNURB

(2) 1950 refers to 1949-50 and so on.

Table 4.8 Savings Parameters for DYNURB
Rural Urban
Agriculture Industry Services
SLAB, (1) 0.10 0.14 0.14
SCAPi(l) 0.10 0.14 0.14
GSLABi 0.015 0.015 0.015
GSCAPi 0.015 0.015 0.015

I
|
|
f
?
[
f
L
b
i
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Table 4.9 Estimates of Depreciation of Capital

:v Item Estimated Ave. Estimated Rate
Life (in years) of Depreciation
1 Farm Houses 40 2.56
2 Irrigation | 40 2.56
3 Construction in Agric. 40 2.56

4. Ag. Implements and

Source Dholakia (1974) p. 190.

Machinery 24 7.5
: 5 Non Resident in
: Structure 30 3.2
f 6 Machinery in
: Industry 20 4.6
f 7 Residential Dwellings
: ~ rural 40 2.56
i - urban 60 1.70
(*l
i

The value of 8§ - the depreciation rate of capital is

set at 3.3 percent/year,
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4.25 Wage and Rental Structure

It was shown in the last chapter that there is over-

e R I ST mﬂ*ﬁk{%
}/

whelming evidence that wage rates differ between urban and
rural areas for even the same skills. Further evidence is
provided here on average incomes. According to NCAER (1962),
based on a household survey, the average annual income of

an urban household was Rs.2215 as compared with Rs. 1328 for
a rural household. This included imputed house rentals.
Mukherjee (1969, p. 434) shows that the ﬁrban average per
capita income ranged from 1.76 to 2.18 times the rural
figure bhetween 1951 to 1960. Accounting for some skill

differentials between the average urban labourer and rural

labourer, 62 and % the efficiency wage differentials are
set'at 1.7.

There is no overwhelming evidence that rates of re-
turn to capital differ on average between the sectors as
defined in DYNURB. There is, of course, wide variation
between rates of return to capital for more disaggregated
sectors. Thus efficiency capital rentals are equalized
across all sectors. The wage and rental structure is therefore

as follows in the basic simulation of DYNURB:

Table 4.10 Wage and Capital Structure in DYNURB

Factor/Sector 1 2 3
! Capital 1.0 1.0 1.0
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4.2¢ Technical Change: The simulation of technical change

5 is embedded in the factor augmenting rates Ail for labour

and AiZ for capital and the exogenous rate of neutral
technical change GB,. While estimations have been made of
the labour augmenting rates in terms of education, skill,
etc., there is no direct way of measuring Aiz - the rates for
capital. ©Now, the growth rate of technical change may be

written:

GTECHi(t) = SiL(t).}\il + SiK'AiZ. ‘ (4.2)

where SiL(t) and SiK(t) are the sectoral shares of labour
and capital respectively. These change over time in C.E.S.
production functions Egn. (4.2) may be shown easily: The

technical change in sector i,

GTECHi(t) = aQi(t) . 1
at Qi(t)
_ i
where Qi(t) =F __Xi(t) Ki(t), yiLi(t)]

Now, removing time subscripts,

aQi = oF" . 3(x.K,) + 3F* . 3(y.L.)
3t R 3 y.L.) & ——
3 (X.K.) ot i1 3t
ivi
Writing Fkl = 5F7 and correspondingly FLl
a(xiKi)
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i i
90, - Fy [Kyexy xiaKi] . Fo [Liayi + Yisn,
3T R 3t -V

but in the evaluation of technical change Ki and Li are

fixed, hence

i i
°Q; _ Fyp o K, -3x; . FL « L; - 3x;
ot ot ot
i i
- FK X, K, « 9%, . %_ + Fpooe yyL; dyy o %_
ot i ot i

With constant returns to scale, profit maximization

assumptions,

_ i - i
W, = FL and Ri FK
Thus
ereca, = *i % Rso. PFy o1 YibieWy Y5 L1
0 ot X4 Q. ot A

f but Sg = XiKiRi and SL = yiLiWi
Ej Qi Ql
: and Ail = ayl .1l AiZ = axi . %_
g 5t i 5t i
f Hence
; GTECHi(t) = siK(t) - A, F siL(t).Ail (4.2)
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Including neutral technical change GBi’

GTECHi(t) = SiK(t).Ai + SiL(t). A.. + GBi (4.3)

2 il

In principle, therefore Ai2 can be calculated if all the
other parameters are known in (4.3). While there are some

estimates of GTECHi(t) and Ai the other parameters have

1’
not been estimated. Dholakia (1974) in doing a Denison
type source of growth exercise for India found technical
change (change in output per unit of input) in agriculture
to be 0.56 percent per year (p. 237) between 1949 to 1969.
Tara Shukla's estimate for the years 1950 and 1960 was 1.70
percent per year. Mohan (1974) reports statewide estimates
whose average is about 1.5 to 1.6 percent per year.
Dholakia reports growth in net product in agriculture to be
about 1.88 percent per year which differs from almost all
other estimates which are usually in the range of 3.0 percent
per year. His underestimate (caused by his own manipulation
of series) of net product growth would appear to explain
all his error in the calculation of total productivity growth.
Thus it is reasonable to assume that total productivity
growth in Indian agriculture has been in the region of 1.5
to 1.7 percent a year.

Dholakia's estimates for the non-agricultural sector

appear to be more reasonable: his net product growth rates
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are in line with other estimates. Productivity growth in
the non-agficultural sector is estimated to be about 1.5
percent per year by Dholakia (p. 239) for the period 1949
to 1969.

He also estimates the change in quality of labour as
measured by education changes and changes in age - sex
composition. His estimate is about 0.45 percent per year
(p. 127) augmentation of the labour force. Kelley-William-
son (1974) assume Aiz i.e. the rate of capital augmentation
to be 1.14 percent per year and that of labour to be 1.94
percent per year for Meiji Japan. For want of better
information it is assumed here that the rate of capital
augmentation in India should be of the same order. However,
reéognizing that the service sector includes residential
dwellings, banking, insurance, etc. i.e., sectors in which

capital has a long life, it is assumed that

i.e. that service sector capital undergoes slower technical changes

This is in accordance with the vintage view of capital as
outlined in Chapter 2.

If it is now assumed that

A22 = 0.01 i.e. 1 percent a year
SZK = 0.4 r SZL = 0.6
GB(2) = 0
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and GTECH2 = 0.015.

- Then the solution of equation (4.3) gives A21 = 0.018 (approx).

This is much nearer to K-W's figure for Meiji Japan. The

ﬁ education changes in Meiji Japan were, however, much greater
than in contemporary India, hence A21 must be less than
this calculated value. It is probably in the range

0.01 < A < 0.018,

21

When a calculation is made with similar magnitudes
of All and *12 GTECHl is found to be in the range of only
about 0.5 to 0.6 percent, rather than the 1.5 percent con-
cluded earlier. There is therefore reason to believe that
GBl is probably significant for agriculture. Changes such
as.the hybrid seed revolution perhaps cause such effects.
GBl is therefore set at 1 percent per year.

The increase in skills in the industrial sector has
probably been greater in the industrial labour force as
compared with both the agricultural and service labour
force. An interpretation of such a difference within the
assumption of a homogeneous labour force was provided in

the last chapter. Thus it is assumed that

kll = A3l < A21 Labour
and Alz - A22 > A32 Capital
and GBl > 0, G32 = GB3 = 0.

E.
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% Having established these ranges the final values
were selecfed by trial and error in the dynamic simulation
of DYNURB. The purpose was to approximate the sectoral
growth of the Indian economy as closely as possible. The

use of trial and error is justified on 2 counts:

3 i) Lack of better information
ii) DYNURB is a theoretical model designed for experi-
. mentation.

Table 4.11 gives the technical change parameters chosen

for DYNURB.

5 Table 4.11 Technical Change Parameters in DYNURB

§ Sector Labour Capital GB,
| (Ai7) (A;5)

} 1. Agriculture 0.0125 0.010 0.01

j 2. Industry 0.015 0.010 0.0

§ 3. Services 06.0125 0.008 0.0

As a result,

; GTECHl > GTECH2 > GTECH3 .

That GTECH, > GTECH is somewhat surprising but is in

1 2
accordance with data and also with KWC (1972) and K-W (1974).

5 That GTECH, is the least is in accordance with experience

as outlined in Section 2.2.
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Bias

Recalling egn. (2.8) the bias of technical change

is given by

BIAS, = dy. - dx. 1 - o,
i i i i
Y %5 °i
= (A, - As,) (L= 0.)
il 12g 1 (4.4)
i
With o, = 1.2, 0, = 0.6, oy = 0.8 and the A's in Table
4.11
BIASl < 0 labour using, capital saving
BIAS2 >0 labour saving, capital using
BIAS3 >0 labour saving, capital using.

Thus, in DYNURB, each sector undergoes non-neutral technical

change with agriculture being the.only labour using sector.

4,27 Growth Rates of Population:

GURB and GRUR are the natural growth rates of population
in the urban and rural sectors, respectively. These are set
to approximately project India's population as it has grown
since 1951. As shown in the last chapter GURB < GRUR.

Accordingly, for the basic simulation:

GURB
and GRUR

0.017 i.e. 1.7 percent a year

0.020 i.e. 2.0 percent a year
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which gives a total population growth rate of somewhat
less than 2 percent a year. This declines with an increase

in urbanization.

4,28 Choice of Initial Conditions

A sinulation of DYNURB requires an initial guess of
the following: |
i) L;(1), K;(1), LAND(1) and LVSTK(1l) . i.e. the initial
factor allocations by sector.
ii) yi(l) and Xi(l) the initial factor augmentation rates.
Recall from the last chapter that these are necessary to
capture the skill differences between sectors while main-
taining the factor homogeneity assumption for efficiency
units._
iii) Pii(l)’ the initial prices of goods. These are set
at unity initially.
iv) Qi(l), the initial gross outputs. Note that these
include the production of intermediate goods.

The selection of these values is now outlined.

i) Factor Allocation

a. Labour: Labour is allocated to sectors according
to actual employment in 1951 as given by the census of that
yvear and modified by Dholakia (1974). Table 4.12 below
gives the percent distribution of employment by detailed

sector according to Indian census definitions.
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Table 4.12 Distribution of Employment by Sector - 1951

Percent
1. Cultivator 50.0

2. Ag. Labourer 19.72

3. Other primary 2.38

Sector l. Agriculture 72.10

4. Household Industry 9.00

5. Manufacturing 0.57

6. Construction 1.05
7. Transport and Communication 1.00 (approx)

Sector 2, Industry 11.62

8. Trade and Commerce 5.24

9. Other Services 10.49
10. Storage 0.50 (approxf

Sector 3. Services 16.23

Source: IAMR (1968) p. 116

Dhqlakia adjusts the raw labour force data to account
for inter-censal differences in the definition of labour,

His data for 1951 are:

Sector No. of Workers Percent

Agriculture 118,854,985 73.6

Non~Agriculture 42,531,020 26.4
Total 161,386,005 100.0
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, These are allocated roughly according to the proportions
3 in Table 4.12 to give:
Table 4.13 Initial Allocation of Labour - 1951
Sector No. of Workers Percent
(xlOS)

1. Agriculture Ll(l) 1180 74
2. Industry Lz(l) 180 11
3. Services L3(l) 240 15

Total LTOT(1l) 1600 100.0

Note the unit reported for number of workers: 105. This is
the'uni§ used throuchout this study. LTOT(l), the total

labour force in the first period is fixed. Initial allocations of
labour are then altered according to the equilibrium solution

for the first period.

b. Capital: The allocation of capital by sector is somewhat

more difficult because of paucity of data and of inconsist-

ency between different sources. Table 4.14 reports data

from 2 sources:

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



o
i 145

Table 4.14 Distribution of Capital By Sector

(current prices) 1951

Sector Makherjee Dholakia
(Rs.x10%) (Rs.x10%)
3 1 2
- 1. Agriculture 280 540
L 2. Industry 460 470
%
4 3. Services 512 670
%
5 Total 1252 1680
i
2

Source: Column 1. Mukherjee (1969) p. 392

Column 2. Dholakia (1974) p. 201

Note: (1) Both sets of figures do not include value of

2 : Livestock in Sector 1.

(2) Both sets are aggregates derived from the 2

; sources according to sector definitions in

* DYNURB.

(3) The figures for sector 1 include value of
farm structures and construction.

(4) In column 2, the value for sector 3 is

exclusively residential property.

(5) In column 1, the value for sector 3 excludes
approx. value of rural residential propertv.

Note from this table that the sector 2 values corroborate

5 well but not those for the other 2 sectors, particularly

3.1
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those for agriculture. It would appear that these estimates

include some approximations for values of land improvement
in agriculture. It is therefore obvious that estimates of
capital stock are rather tentative. The values chosen for

DYNURB are:

Table 4.15 Initial Allocation of Capital Stock

Sector Value of Capital
(Rs.x10%) 1951 prices

1. Agriculture Kl(l) 325
2. Industry K2(1) 500
3. Services K3(l) 650
Total KTOT(1l) 1475

8

Note the units used here: Rs. 10~ at 1951 prices.

This is the value unit used throughout this study.

c. Land and Livestock: These values are also taken from

Mukherjee (1969, p. 392) and set at

Rs. 1700 x 10°
Rs. 240 x 10°

LAND (1)
LVSTK (1)

These values correspond well with Dholakia's estimate. 1In
accerdance with actual estimates land and livestock are set to

grow at constant rates:

GLAND
GLVSTK

0.010 i.e. 1l percent a year

0.008 i.e. 0.8 percent a year.
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ii) Outputs: The outputs required for DYNURB are inclusive
of intermediate goods. National income accounts report out-
puts net of intermediate goods, say X = (Xl, X2, X3).

Then gross output i.e. net output + intermediate goods out-

put,

(1 - a) " Ix

Q
where A is the input-output matrix.

Table 4.16 shows the value of initial net output:

Table 4.16 Initial Net Output

Sector ) Rs x 108
1. Agriculture 490
2. Mining and Manufacturing 153
3. Railways and Communication 22
4. Other Transport 30
Industry 205
5. Banks and Insurance 7
6. Commerce 110
f 7. Professions and Liberal Arts 47
‘; 8. Government 43
éi 9. Domestic Service 13
z; 10. House Property __31  (Fxcludes rural).
% Services 251

Source: M. Mukherjee (1969) p. 162 (approximations)

b

é
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The resulting values for Q are shown below:

Sector Rs. X 108
1. Agriculture Ql(l) 613
2. Industry Qz(l) 331
3. Services Q3(l) 276 .

iii) Initial Factor Augmentation Rates: Since returns

to factors are being balanced (with the given structure)
for efficiency units,adjustment needs to be made for
quality in the initial period.

There are 2 sources of quality differences between

+he urban and rural labour force:

a) Difference in average education level,

and b) Difference in age sex composition.

Dholakia (1974, pp. 133-137) gives approximate average
wage or income levels for different education levels for
urban and rural areas. In addition, he gives the number of
workers by education level. Given the wage information by

education level, the following weights were derived:

Education Level Weight
Illiterate 1.00
Primary 1.45
Secondary 2.30
Graduate 4.32
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i.e. a graduate is equivalent to 4.32 illiterate workers.
Using these.weights, the urban labour force was found to
be 1.115 times as educated as the rural labour force in
1951.

The approximate age sex composition of the labour

force is given below in table 4.17:

Table 4.17. Age—-Sex Composition of
the Labour Force 1961

Percent
Urban Rural
Children 4.7 9.33
Women 19.3 33.05
Men 76.0 57.62
100.00 100.00

This shows significant difference in the urban/rural
composition of the labour force. Taking account of different
wage rates for men, women, and children, the following weights

were allotted:

Man (adult) 1.00
Woman (adult) 0.75
Child 0.50

(See Hansen (1969) and Rosenzweig-Evenson (1977) for evidence).
Using these weights, the age/sex quality of urban labour was
found to be 1.07 times rural labour. Combining this index

with the education index,
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3 Y2(l) - y3(1) - 1.2 (approx.)
¥, @) 7, D

Reasons were given earlier for the capital in services
to be regarded as being 'less efficient! than in the other
two sectors. Acéordingly, K3(l) is arbitrarily set at 0.75.
The initial factor augmenting rates are given in table 4.18

below:

Table 4.18 Initial Factor Augmentation

Sector Labour Capital
Yi(l) xi(l)
1. Agriculture 1.0 1.0
2. Industry 1.2 1.0
3. ‘Services 1.2 0.75

A final note on the selection of parameters and initial
conditions needs to be made here. It should be obvious that
an initial selection will not be consistent with the model
being in equilibrium. In particular, the initial values of
outputs, capital and labour will be altered as the model
finds a base period solution. Thus the base period solution
will not produce the initial values derived from real data.
Here capital allocations were regarded as the least reliable
and were adjusted to keep output and labour values close to

actual base period values. This necessarily involved some
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trial and error. Indeed, the parameter choices reported
here, though based on actual data were finally fixed to

reproduce a plausible base pericd simulation for the year

1951.
4.3 List of Chcsen Parameters and Initial Conditions
1. Production Parameters:
B, = 0.3821 Yy = 0.1363 o, = i.2
82 = 1.0339 Yy = 0.5385 o, = 0.6
B3 = 0.7568 Yy = N.3444 oy = 0.8
[for Cobb Douglas functions:
Bl = 0.5457 EXPLl‘ = 0.55 EXPKl = 0.07
B, = 1.0960 EXPL, = 0.60 EXPK, = 0.40
B3 = 0.7520 EXPL3 = 0.70 EXPK3 = 0.30]
ALPH = 0.33 BET = 0.62 GAM = 0.05.
2. Input Output Table
a.. 1 2 3
1] Ag. Industry Services
1. Agriculture 0.080 0.190 0.040
2. Industry 0.030 0.300 0.030
3. Services 0.003 0.070 0.00n4
am = 0.005

i
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% 3. Demand Parameters
Bll = 0.40 812 = 0.25 813 = 0.25
Boy = 0.25 Bosy = 0.20 823 = 0.20
831 = 0.35 832 = 0.55 833 = 0.55
FMINl = 0.1 FMIN2 = 0.0 I:“MIN3 = 0.0
All GFMINi = 0.0
4. Savings:
SLABl(l) = 0.10 SLABZ(l) = 0.14 SLAB3(1) = 0.14
SCAPl(l) = 0.10 SCAPz(l) = 0.14 SCAP3(1) = 0.14
GSLABi = 0.015 i=1,2,3
C_;SCAPi = 0.015 i=1,2,3
8 = 0.033
5. Wage and Rental Structure
el = 1.0 62 = 1.7 83 = 1.7
¢ = 1.0 9, = 1.0 d5 = 1.0
6. Technical Change
All = 0.0125 A21 = 0.015 x3l = 0.0125
”12 = 0.01 A22 = 0.01 A32 = 0.008
GBl = 0.01 GB2 = 0.0 GB3 = 0.0
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7. Population

GURB = 0.017
8. Initial Conditions

Ll = 1180

LTOT = 1600.

K1 = 325

KTOT = 1475

LAND = 1700

GLAND = 0.010

Yl(l) = 1.0

xl(l) =1.0

GRUR = 0.020

L2 = 180 L3 = 240

. 5
Units: 10~ people
K2 = 500 K3 = 650
Units: Rs.xlO8 (1951 prices)
LVSTK = 240
Units: Rs.x10° (1951 prices)

GLVSTK = 0.008

|
-
L[]
N

yz(l) 1.2 y3(l)

0.75.

Xz(l) 1.0 X3(1)
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5. India In the Year 1984: A Simulation of DYNURB

This chapter presents the numerical results of a
simulatioh of DYNURB conducted with the parameters and
initial conditions chosen in the last chapter. fhis simu-
lation will hence forth be called the BASRUN . The full
output of the BASRUN simulaticn is provided in the Appendix
to provide an idea of all the results that DYNURB can provide.

In reporting the main results from DYNURB, comparisons
are provided with actual data from the post independence
Indian economy wherever possible. This is often difficult

because model categories are designed to keep DYNURB theo-

retically.pure (in the neoclassical tradition) and therefore
do not always correspond well with actual categories as
measured in Indian accounts. Moreover, some Indian series,
e.g. that of the labour force, have gone through definitional
changes, thus making comparability difficult over time. The
comparisons with actual data are therefore only approximate
and are intended to validate the usefulness of DYNURB as a
plausible vehicle for investigating structural changes in a
low-income economy undergoing development.

A brief overview of the performance of the Indian
economy over the century preceding 1951 is provided to put
in perspective the post-independence period simulated by

DYNURB.
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5.1 A Stagnant Economy: India 1860 to 1950l

T R T e
P R S R N %ﬁ

Infofmation on the national income of India, in the
| past is not very reliable. It is not even clear if per capita
£ income in 1950 was greater than that in 1900 or that in 1850.
“l Information on this century, though, is much better than that
for the period 1850-1900. Table 5.1 gives one estimate of
the growth of per capita income over the period 1860 to 1950.
This was obtained by Mukherjee after a review of almost all
existing est ~n*tes and by consideration of whatever informa-
tion that was available on wage rates, prices, agricultural
production, etc. The picture that emerges is one of overall
growth over the period but one characterized by spurts and
stagnation. Table 5.2 shows growth rates of national income,
population and of per capita income for different sub-periods.
These tables show that the growth of per capita income was
rather slow, 0.5 per cent per year, over the whole period,
though there were 2 sub-periods when it was over 1 per cent
a year. These sub-periods are comparable to the
contemporary period. The growth of national income,
however, has been much greater since 1950 than the whole
period preceding -- as has the growth in population. It
must be emphasized here that the estimates given have not
received widespread agreement. Others, e.g. Patel (1958)
and Daniel Thorner (1955), have surmised that there was a

decline in per capita income over the period in question.

lThe information in this section is largely from M. Mukherjee
(1969), ch. 2.

2
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Table 5.1 Average Per Capita Income of India: 1860-1950
Year ' Per capita Income
in 1948-49 Rs
1 2

1860 169

1865 196

1870 172

1875 177

1880 197

1885 216

1890 204

1895 201

1900 199

1905 203

1910 . 220

1915 241

1920 253

1925 261

1930 260

1935 260

1940 265

1945 255

1950 253

SOURCE: M. Mukherijee (1969), p. 6l.

NOTE: The estimates are 7-year averages centered
on the years mentioned.
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Table 5.2 Rates of Growth in Different Sub Periods
(const. 1949 prices)

Annual Rate of Growth of

_ No. of National Popu- Per capita
Period Years Income lation Income
1 3 4 5

1860 - 1900 40 0.90 0.50 0.40
1900 - 1950 50 1.32 0.84 0.48
1860 - 1950 90 1.15 0.70 0.45

Sub-Periods
1865 - 1885 20 1.76 0.53 1.23
1905 - 1925 20 1.73 0.44 1.29
1948 - 1962 14 3.07 1.95 1.12

SOURCE: M. Mukherjee (1969), p. 65.

The Mukherjee study used here is the most recent and probably
the most careful.

Table 5.3 shows that along with the slow growth, the
economy did not go through significant structural change.
It is remarkable that the percent of labour force engaged in
agriculture remained largely constant while that in industry
first declined and then increased. The rate of urbanization was
greatest in the period 1941 to 1951, but this was a special
period because of the dislocations caused by World War II,
and Indian independence (1947) which was accompanied by the

massive influx of refugees from Pakistan.
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Table 5.3 Structure of the Indian Economy: 1911 - 1951

Percent of Lab. Force in Percent
Year Agric. Industry Services Urban
. Population
1 ' 2 3 4 5
1911 75.60 11.35 13.04 10.29
1921 76.90 10.60 12.50 11.18
1931 76.590 10.36 13.15 11.97
*
1941 13.85
1951 _ 76.10 11.06 12.84 17.29

SOURCE: Ambannavar (1970), p. 130.

*
From Bose (1973), p. 64.

It is because of this stationary nature of the Indian
economy before 1951 and relatively faster change since then
E that the post 1951 period has been chosen for simulation.

E It would be instructive to probe the causes of accelerated
E urbanization since 1931, but the special nature of the 1940s

decade precludes a systematic analysis of that periocd.

5.2 Growth of Output

Table 5.4 shows results of the BASRUN along with
actual values for India. The two sets of series are in
remarkably close agreement considering the many unrealistic

assumptions incorporated in DYNURB. The actual per capita
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Table 5.4 National Product in Constant Prices
| (Index, 1951 = 100)
. BASRUN ACTUAL
Year GNP Per Capita GNP Per Capita
1 2 3 5
1951 100 100 100 100
: 1954 110.7 104.5 114 107
4 1957 122.7 109.4 124 110
' 1960 136.4 114.8 134 112
1963 151.7 120.7 151 118
1966 169.1 127.1 166 121
1969 188.5 133.9 184 129
1972 210.5 141.2 210 137
1975 235.5 149.2 217 136
1978 263.5 157.6
1981 295.0 166.7
1984 330.5 176.5
? SOURCES: Cols. (1), (2) Simulation, Table A.l
: Cols. (3), (4) from Table B.1l.
i NOTES: (1) The simulation results are in constant
! 1951 prices.
E_
(2) The "Actual" data are in 1948-49 prices
for the years 1951 to 1966,while later
years are in 1961 prices.
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income lags somewhat towards the end of the period. This is

probably because

(i) population growth tends to slow down in DYNURB
with increasing urbanization

(ii) the last year for which actual data is available,
1974-75, was the third of a succession of bad
years in India.

Table 5.5 shows the BASRUN growth rates of gross
national product along with those for per capita national
product.l The feature to note is the acceleration of growth
rates. The DYNURB economy grows faster and faster with the
passage of time. Estimates for growth in GNP in different

periods for India are given below:

1949 to 1955 2.92
1954 to 1961 3.63 2
1961 to 1967 3.61 %
1949 to 1969 3.41 %
1954 to 1969 3.62 %

(Dholakia, p. 20)
Correspondence between these estimates and the BASRUN is
good. The average for the later years, 1969-~75, however,
is not as high as suggested by DYNURB. This is partly be-
cause of unusually adverse weather conditions in the last

3 years in India.

lIn the Appendix Tables, gross product refers to total
product inclusive of intermediate outputs, while Net
income is Gross National Product.
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Table 5.5 Growth Rates of National Product
' (percent per year)

Year Growth Rates
From 1951 to: GNP Per capita
1954 3.45 1.49
1957 3.48 1.52
1960 3.51 1.55
‘ 1963 3.54 1.58
; 1966 3.56 1.61
| 1969 3.59 1.63
1972 3.61 1.66
1975 3.63 1.68
1578 3.65 1.70
1981 3.67 1.72
1984 3.69 1.74

SOURCE: BASRUN, Table A.l2.

That DYNURB shows an accelerating trend of growth
is no accident, since the savings rate is exogenously made
to increase over time in the model.l Correspondingly, the
Indian economy had a rising savings rate until about 1969-70,
but has since remained stationary or declined -- as noted in
the last chapter in Table 4.7. The model would be improved

if the rising savings rate were made endogenous. It would

. lSee Section 6.4 for discussion of the effects of changes
in the savings rate.
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then, perhaps, become stationary as a response to changes
in other parts of the economy.
DYNURB's success in tracking the Indian development

record over 25 years gives reason to believe that the

structure of the model is plausible and.that the para-
; meters used are well founded even though they were not

systematically estimated.

5.3 Population and Urbanization

One of the main objectives of DYNURB is to predict
and explain the phenomenon of urbanization. The prediction
is done by the results of the simulation while the explana-
% tion is embedded in the structure of the model. Further
explanation is obtained in the next chapter when sensitivity
tests are performed to evaluate the effects of parameter
changes on the rate of urbanization. Being a general equili-
brium model, chains of causality are not entirely obvious
and therefore, sensitivity tests have to be used to obtain
information on what causes what.

DYNURB regards all labour employed in the industry
and service sectors, and their dependents, as being based
in the urban region. Thus, as defined by equation (3.33),

(Section 3.7) urban population is
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URBPOP(t) = POP2 (t) + P0P3 (t)
3 WPR2 WPR3

and the index of urbanization is

URBPOP (t)

Totpop (t) - 00 -

i.e. percent of population living in urban areas.

This definition of urbanization places in the urban
region all labour that works in industry and services even
if some of these activities are located in the rural region.
This is clearly a shortcoming of the model but one which is
difficult to avoid until more refined theories of indust-
trial location are developed. Table 3.1 showed the distri-
bution of workers by sector and region in India for 1961
and that table indicated the unimportance of industry and
services to rural areas and of agriculture to urban areas.
This misspecification is therefore not expected to affect
substantially the workings of DYNURB except that the index

of urbanization is and will always be over-stated.

Population: Although the population sub-model used is

extremely simple, it tracks well the growth of population

GRS SRS A
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in India. This is not altogether surprising since the

growth rate parameters GURB and GRUR -- the natural

growth rates of urban and rural population -- are exogenously
specified. The total growth rate is, however, endogenousA
since the movement of labour from rural to urban areas is

endogenous. Table 5.6 compares the BASRUN with actual

values.

Table 5.6 Population (in millions)
Year BASRUN Actual?

i 2

1951 362 361
1961 430 439
1966 482 485
1971 540 548
1974 571 577
1981 640 695 P
1984 678

SOURCE: (1) BASRUN, Table A.8

(2) ae. Up tO 1974’ G-O.Io (1974)' p' 2,
(taken from Indian Census).

b. 1981, Bose (1973), p. 423, estimate.

The main point to note is that the growth of population
1 slows down in DYNURB in later years as compared with actual

data from India. This would indicate somewhat faster
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% urbanization and industrialization in DYNURB. (Bose's
estimate fof 1981 seems far too high: his estimate for 1971
of 560 million was also high.) In summary, the population
sub-model in DYNURB performs well but would be improved 1if
it was made more elaborate to take account of changing age

structure, etc.

Urbanization: The problems in the definition of urban

population alluded to above can cause difficulties in comparisons
with actual values. Table 5.7 shows the trend of

urbanization in the BASRUN.

Table 5.7 BASRUN Trend of Urbanization: 1951-1984

Year Urban Population % Urban
(in millions)

1951 96.7 26.73
1957 115.3 28.41
1963 136.6 30.04
1969 100.9 31.57
1975 188.5 33.00
1981 219.7 34.31
1984 237.2 ’ 35.01

SOURCE: BASRUN, Table, A. 8.

The growth rate of urban population from 1951 to 1960

is 2.96 percent per year and from 1951 to 1972 it is 2.84
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per cent per year in the BASRUN. Table 5.8 gives the
actual data on urbanization in India since the beginning of

this century.

Table 5.8 Trend of Urbanization in India: 1901 - 1971

Year Urban Population

Year (in millions) % _Urban
1901 25.85 10.85
1911 25.94 10.29
1921 28.08 11.18
1931 32.45 12.00
1941 44.15 13.86
1951 . 62.45 17.30
1961 . 78.93 17.98
1971 108.89 19.87

SOURCE: Bose (1973), p. 63.

With the differences in the definition of urban population,
the only reasonable statistic that méy be comparable is the
growth rate of urban population. From 1951 to 1961 the growth
rate was 2.64 per cent per year, and that from 1951 to 1971
was 2.96 per cent per year. These rates compare well with

the BASRUN growth rates but with one major difference.

The rate of urbanization appears to be slowing down in DYNURB

while it is increasing in India. One explanation of this

5

I}

3
e
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could be that the actual number for 1951 is higher than
‘normal’ beéause of the dislocations resulting from indepen-
dence. The absorption of millions of refugees into prodggtive
work in the cities could have had the effect of dampening
'demand for rural urban migration' during the 1950s. This,
however, is speculation: the differences in growth rates
could merely be because of the definitional differences.

It is worth recalling at this point that all labour
in DYNURB is always fully employed which is clearly not
true in reality. If it is true, as some contend, that urban
unemployment has risen over the past 10-15 years, then the
trends that DYNURB shows are, in some sense, the trends
that 'ought' to be for the country not to be "over-urbanized".
Accbrding to this interpretation, urban unemployment rates
are a better index of over-urbanization than a comparison
with some norm derived from international country data. An
improvement of DYNURB which could allocate some industry
and service employment to rural areas would give better
answers to the appropriate level of urbanization as a country

develops over time.

5.4 Structural Change in the Developing Economy

Table 5.3 showed the stationary nature of the Indian

economy in the first fifty years of this century. Compared
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with some other faster growing economies, structural change
3 in India haé been minor in even the post-indendence period.
There has, however, been a perceptible change in structure
with agriculture contributing a smaller share of output over
time and resulting in a shift of labour to urban pursuits.
This section shows the change in sectoral shares of output
along with the redistribution of labour accompanying these
changes.

Table 5.9 shows the percentage shares of output in
the three sectors as computed in the BASRUN and the actual
numbers for the Indian economy. This table involves com-

parability problems as well:

i) All computations in the BASRUN are in 1951
"prices while the Indian national accounts system
has changed from 1948-49 prices to 1960-61 prices
for the computation of constant price series. As
evident in Table 5.9, this change makes such a
significant difference that the series prior to
1961 is really not comparable with the later series.

ii) There is a further problem internal to DYNURB.
Table A.10 which shows the terms of trade in the
economy, shows that the relative price of service
goods was about 0.8 in the first period. |[As
indicated in section 3.9, prices are normalized in
every period on the initial period weights such

that z SiPi = 1.0 where S; are the initial
i
period sectoral production weights].

TR TR
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Table 5.9 Structural Change in the Developing Economy:

- Sectoral Output Shares

(in percent)

[F)
(PN
(b o)

1984 40.0 26.3

Agriculture Industry Services
Year BASRUN Actual BASRUN Actual BASRUN Actual

1 2 3 4 3 ]
1951  57.4  48.8 22.1  21.3 20.5  29.9
1954  55.8  48.9 23.1  20.8 21.2  30.3
1957  54.3  47.7 23.9  21.4 21.8  30.9
1960  52.7  46.5 24.9  21.5 22.4  32.0
1963  51.1  48.7 26.0  25.5 22.9  25.8
1966  49.5  43.8 27.1  28.4 23.5  27.8
1969 ~© 47.9  44.8 28.0  27.7 24.1  27.5
1972  46.3  44.0 29.1  28.0 24.6  28.0
1975  44.7  42.6% 30.2  28.3% 25.1  29.1"
1978 43.0 31.5 25.5
1981  41.6 32.5 25.9

SOURCE: Cols. 1, 3, 5. BASRUN, Table A.2.
Cols. 2, 4, 6. 1951-1960, Mukherjee (1969),
1949 prices.
1961-1974, G.0.I. (1976), p.
1961 prices.

Note 1l: These figures are for 1974.
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Correspondipgly, the price of agricultural goods was
somewhat greater than 1.0. If both the demand and supply
sides were modelled correctly, all initial period prices
would be unity. As indicated in section 4.21, the produc-
tion function séaling parameters (Bi) were calculated to
tune initial period production in DYNURB as closely as

possible to Indian data -- with prices being assumed to be

unity -- for each good. Prices had to be altered in finding

a general equilibrium solution such that all markets were
cleared. That the price of services changed as much as

20 per cent is an indication that the demand system could

be modelled better. This is clearly a shortcoming of DYNURB
which should be kept in mind when evaluating its results.
The result of this price distortion is that the share of
agricultural production is overstated while that of services
is understated in the initial period and all following
periods. The trends, however, may not be as seriously
affected.

Table 5.9 shows that the share of agriculture declines
from 57.4 percent to 41.6 percent, industry increases from
22.. percent to 33.8 percent and services from 20.5 percent
to 26.3 percent as the DYNURB economy develops at a modest
rate of growth. 1In light of the remarks above, it is worth
noting that the share of agriculture is consistently over-

stated in DYNURB and that of services, understated.
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Correspondence with the post 1960 series is good. The
industrial'sector has the highest relative growth although
the service sector is not far behind. This validates one
of the main contentions of this work: that the shift in
structure from agriculture dominated activities can be pro-
perly understood when it is seen to be a parallel shift to
industry and services.

Having seen the relative changes in the structure of
the economy, it is also important to consider the absolute
changes in each sector. Table 5.10 shows the growth of
product in each sector. Comparison with actual data is
once again difficult. The trend of agricultural production
is easiest to follow since there are few definitional pro-
blems.- It is seen that agricultural production in DYNURB

lags actual Indian data. This is partly because of the

overvaluation of initial period production but partly a
shortcoming of the dynamic model. The actual data for in-
dustry are for only the organized part of industry and

therefore, for only a sub-sector of industry as defined in

DYNURB . The comparison with DYNURB 1is consequently only
for illustrative purposes. The main point to note from
Table 5.10 is that in a growing economy like DYNURB,
industry grows at the highest rate, services somewhat less
faster, and agriculture the lowest. In 30 years, from 1951

to 1981, the gross national product grew at 3.67 per cent

ks
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Table 5.10 Growth of Sectoral Output
(Index 1951 = 100)
Agriculture Industry Services
Year BASRUN Actual BASRUN Actual BASRUN Actual
1 2 3 4 3 &
1951 100 100 100 100 100 N.A.
1957 116 1221 132 1431 130 —
1963 135 146 178 219 170 --
1969 157 167 239 294 221 -
f 1975 183 1912 322 3302 288 -
3
5 1981 213 433 373 -
1984 230 504 424 --

SOURCE: " Cols. 1, 3, 5. BASRUN, Table A.Z.
Cols. 2,4. Indian Planning Commission:
Statistics and Survey Division
Basic Statistics Relating to Indian
Economy, 1950-51 - 1970-71.

Notes 1. These figures are for 1956.
2. These figures are for 1971.

? per year, agriculture at 2.56%, industry at 5.01% and services
at 4.49%. (See Table A.13) 1In comparison, the actual growth

rates of agricultureal and non-agricultural product were as

follows:
Agriculture Non-Agriculture
1952-1961 3.1% 4.9%
1962-1971 2.7% 5.1%

(Ahluwalia (1976) p.9)

.
ks
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Thus, although it is not entirely clear how closely DYNURB
replicates the structural changes in the Indian economy
according to the three sectors defined, its performance is
close enough to the agriculture/non-agriculture dichotomy to

give confidence in its basic structure.

Redistribution of Labour Force: The rural/urban

movement of labour has already been covered. Now the changing
composition of labour force structure by sector of employment
is given attention. Once again, comparability with actual
data is difficult. The change in the definition of workers
in the 1971 census makes comparability with earlier years
almost impossible. The main change took place in the defini-
tion of. female workers. The only consistent series that could
be found was in Dholakia (1974), but that only goes up to 1969
and distinguishes workers as agricultural and non-agricultural.
Table 5.11 therefore, presents comparisons with total labour
force in DYNURB and with those employed in agriculture. Only
spot comparisons are possible for the other two sectors. These
are presented below in Table 5.12.

DYNURB is seen to track the redistribution of the labour
force well, though the change is somewhat faster than the actual
data would seem to indicate. This may be attributed to the
assumption of full employment in DYNURB. If, indeed, there

is substantial surplus or underemployed labour in the
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Table 5.11 Structural Change in the Developing Economy:
Sectoral Labour Shares

Labour Force (in millions) Emplovment Shares (%)
Total Agriculture Agriculture Ind. Serv.
Year BASRUN Actual BASRUN Actual BASRUN Actual BASRUN
1 2 3 4 5 6 7 8

1951 160.0 161.4 119.3 118.8° 74.6 73.6 10.5 14.9
1954 169.3 167.5 124.7 123.0 73.7 73.4 10.9 15.4
1957 179.1 175.5 130.7 128.5 73.0 72.2 11.2 15.9
1960 189.7 185.2 136.8 135.2 72.2 73.0 11.5 16.3
1263 200.7 195.4 143.2 141.4 71.4 72.4 11.9 1l6.7
1966 212.3 206.4 149.9 147.8 70.6 71.6 12.2 17.1

1969 224.5 218.6 156.9 156.8 69.9 71.7 12.5 17.6

1972  237.6 164.5 69.2 12.9 17.9
1975  251.4 172.2 68.5 13.2 18.3
1978  266.1 180.4 | 67.8 13.6 18.6
1981  281.6 189.3 67.2 13.9 18.9
1984  297.9 198.2 66.5 14.3 19.2

SOURCE: Cols. 1,3,5,7,8. BASRUN, Table A.4
Cols. 2,4,6. Dholakia (1974), pp. 97, 102.

L
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Table 5.12 Structure of Labour Force: Spot Comparisons

No. of Workers (millions)

1951 1961 1
Sector Actual BASRUN Actual BASRUN
1 2 3 4
Agriculture 118.0 119.3 137.6 - 136.8
Industry 18.0 16.9 23.0 21.9
Services 24.0 23.8 20.2 30.9

SOURCE: Cols. 2, 4: BASRUN, Table A.4. Col. 4 is for

i 1960.
i Col. 1 Table 4.13.
Col. 3 Bose (1973), p. 304.
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agricultural sector, the actual working force data would
show a largér proportion of labour in that sector. The
changes in these proportions are however, too small to
make definitive statements.

In comparing Tabie 5.11 with 5.9, one trend stands out.
The changes in the sectoral shares of output are far greater
than the accompanying changes in labour force distribution.
Share of agricultural output declines far more than the share
of agricultural‘labour force. This indicates relatively

faster growth in labour productivity in the urban region.

5.5 Capital Accumulation

Among series of economic magnitudes, that of capital
stock is probably the most hazardous to estimate. There is
no official series of total capital stock in India. The
normal Procedure 1is to make an estimate for some
base year, and then to carry it forward by using capital
formation information which is available in national
income accounts. In India, the problem is further
complicated by the existence of a large agricultural sector
where capital stocks are even more difficult to evaluate
and estimate. This is borne out by the discrepancy between
two estimates presented in Table 4.14 in the last chapter.
The discrepancy was greatest for the agricﬁlture sector and
least for the industrial sector -- which is not cause for

surprise.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



national product.

177

Table 5.13 shows investment as a proportion of

This rises continuously in the BASRUN partly

because of the assumption of an increasing savings rate.

The actual series also has an increasing trend until the

late sixties but is then stagnant.

Table 5.13 Investment as a Proportion of G.N.P.
(in percent)
BASRUN Actual
Year Gross Net Gross Net
L 2 3 4
1951 11.5 5.9 11.8 6.6
1954 12.1 6.5 9.8 7.6
1957 12.7 7.0 17.4 12.6
1960 13.3 7.6 14.9 9.6
1963 13.9 8.1 15.9 10.2
1966 14.6 8.6 19.1 13.4
1969 15.2 9.2 18.0 12.1
1972 15.9 9.7 17.2 13.1
! 1975 16.7 10.2 17.2 14.5l
| 1978 17.4 10.7
| 1981 18.1 11.3
1984 18.9 11.8
SOURCE: Cols. 1,2 BASRUN, Table A.7.
Cols. 3,4 Ug to 1969, Dholakia (1974), p. 197.
., After 1969, G.0.I. (1970) p. 32.
Note (1): These figures are for 1974.
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On the whole, though, the actual investment series is quite
; volatile: indeed some of its variations are masked because
data is presented for only three year intervals. It would
be preferable if the investment function were.more behavior-

ally based rather than being identically equal to savings.

This is difficult since there is even little theoretical
agreement on the behavioral determinants of investment rates.
It is seen that the simulated investment rates do not cor-

j respond very well to actual rates when compared annually.
The trends of capital stock are, however, not too different
since many discrepancies between actual and simuiated magni-
f tudes get averaged out in the long run.

; Table 5.14 shows the trends in the accumulation of
capital- stock in the BASRUN as compared with actual esti-
mates. Once again, the only consistent series found were
from Dholakia (1974) but even these had only an agriculture/
non-agriculture sectoral breakdown. The actual magnitudes
are not comparable since the BASRUN used Mukherjee's esti-
mates as initial period values. The trends, however, of

the BASRUN and of actual values are in surprisingly close
% agreement which again lends support to the plausibility of
the model. Agreement between the two sets of series is
somewhat less close for the sectoral capital stock series,
though even these are not too far apart. DYNURB invests

more in agriculture and less in industry and services as

i
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Table 5.14 Trends in the Accumulation of Capital Stock
" in India
(Index 1951 = 100)

(at constant prices)

Total Agriculture Industry Services Non. Ag.

; Year BASRUN Actual BASRUN Actual BASRUN BASRUN Actual
; I 2 3 Z 5 3 7

g 1951 160 100 100 100 160 100 100

5 1954 111 109 107 110 112 113 108

? 1957 125 128 117 125 126 127 129

é 1260 141 141 130 138 143 145 142

§ 1963 161 160 146 149 163 167 165

? 1966 184 187 165 162 187 192 197

; 1969 213 215 190 177 214 223 231

5 1972 246 219 247 259

; 1975 286 254 286 303

?, 1978 334 297 333 353

| 1981 390 350 386 414

; 1984 457 413 450 485

6 BASRUN, Table A.4.
Appendix , Table B.2.

SOURCE: Cols. 1

/3,5
Cols. 2,4,7

compared with the Indian record. This could be interpreted

to mean that the Indian industry and/or service sectors are

either over capitalized, or that capital in them is under-

utilized. Note from Table 5.14 that as the economy develops,
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the service sector capital stock increases faster than that
in the industrial sector. The importance of the service

sector in a developing and urbanizing economy is therefore

underscored once again.

Capital-Labour Ratios: Table 5.15 shows the trends

in economy wide as well as sectoral capital labour ratios:
These are for "unaugmented" capital and labour. Note the
vast difference in initial period ratios between agriculture
and the other two sectors. This difference, perhaps, is
the most dramatic illustration of dualism in this 2-region
economy. As one would expect in a dynamic general equili-
brium system, albeit a lurching one, there is a slow trend
towards'apmlimﬂjon of the capital/labour ratios over time.
With the imposed inter-region wage structure, this equalizing
trend cannot, of course, ever be accomplished. Further dis-
tortions in this equalizing trend are caused by the differen-
tial rates of factor augmentation between the three sectors.
Note that the agriculture capital/labour ratio accelerates
its rate of increase in later years: this conforms with

the experience of almost all developing systems.
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Table 5.15 Capital Labour Ratios in the BASRUN
‘ (Index: 1951 = 100)

Year Economy Agriculture Industry Services
1 2 3

1951 160 | lab lab 100

; (0.9219) (0.2802) (2.9012) (2.7408)

§ 1954 105 103 102 103

5 1957 111 107 106 : 107

é 1560 119 114 110 112

: 1963 128 122 115 118
1966 139 132 121 125
1969 151 144 128 134

; 1972 166 159 136 145

5 1975 . 182 177 145 156

f 1978 200 197 155 170
1981 221 221 166 185
1984 246 249 178 202

SOURCE: BASRUN, Table A.1ll

Note: Figures in parenthesis are the initial period X/L
ratios.

5.6 Behaviour of Prices

DYNURB is a wage and price endogenous model so the

movements of these magnitudes are of interest. Indeed, the

model is brought into equilibrium in each period by altering

|
i
R
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commodity prices on the demand side and factor prices on

E the supply side.

Commodity Prices: One of the more interesting results

of DYNURB 1is the change in relative prices that it indi-

cates over the thirty-year period. It has already been

! remarked upon that the initial period service sector price
[ is far too low in equilibrium. Table 5.16 shows the terms
of trade in terms of agricultural prices. What is unmis-
takable is that agricultural goods become relatively more

expensive over the whole period and would continue to do so

were the simulation run for a longer period. The actual

| record -~ as far as can be ascertained -- shows a similar
trend though it really only started around 1960. Between
1950 and 1960, relative prices had really remained essen-
tially unchanged. DYNURB, of course, shows a regular
trend in the decline of both industry and service relative
§ prices. One estimate of relative price changes in India
is shown in Table 5.17 below.

The trend of a faster rate of change in agricultural

prices is clear from the above mentioned table. The changes
in the first decade were minimal, but changes since then
have been significant. Thus, DYNURB is substantially

correct in the terms of trade variations that it shows.

ki
=4
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Table 5.16 Terms of Trade

(Relative to Agriculture)
BASRUN Actual
Year ' Industry Services Industry Manuf.
1 2 ‘ 3 4

1951 100 77 99 104
1954 : 99 76 96 102
1957 98 76 98 101
1966 97 75 98 101

: 1963 96 74 101 98

} 1966 95 73 88 85

;

; 1969 93 71 86

| 1972 92 70 84

§ 1975 90 69

g 1978 89 67

| 1981 87 66

é 1984 86 65

: SOURCE: Cols. 1,2. BASRUN, Table A.10

Col. 3. S. Chakravarty (1973) p. 12.

Col. 4 Ford Foundation (1976) p. 5.05.
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Table 5.17 Actual Annual Per Cent Change in Implicit
Price Deflator for G.D.P.

(all in percent/yr)

Years Total Agriculture Non-Agric.
| L 2 3
1952-61 0.42 6.75 | 0.27
| 1962-71 6.14 7.36 5.27
1972 4.32 4.89 4.32
1973 8.78 14.94 5.32

SOURCE: Isher J. Ahluwalia (1976), p. 8.

Several caveats are in order here:

(1) Service Sector: It is not made clear here what the

unit of services is. Section 2.2 alluded to some of
the difficulties involved in the definition of guan-
tities in the service sector. That the initial
period service pricé is 0.77 relative to agricul-
tural goods indicates that either something is wrong
with the service production function, of with the

modelling of the demand side. This is a shortcoming

of DYNURB but is also an index of the underdeveloped

state of knowledge on the service sector.

-
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(ii1) Price Indices: The actual price series are obviously
indicés of whole sets of prices. They are amalgams -
of prices of different products and of prices
in different areas. Thus, they do not have as clear
meanings as the prices in DYNURB's 3 - good economy.
They are subject to the normal index number problems.
Furthermore, the extent of coverage of the prices

shown in Table 5.16 is not clear.

(iii) Food Imports: It must be recalled here that DYNURB

is a closed economy while food prices, in reality, in

3 India, are significantly affected by the volume of food
imports. On the whole, therefore, agricultural prices
calculated in DYNURB should be over-estimates.

Government influence on food prices is always to keep

them down for obvious political reasons.

What Table 5.16 shows is the likely movement in
relative prices,were India a closed economy. The extent of
’ this movement is surprisingly large and points to the long
term problem of containing food prices without the use of
large scale food imports. It is important to realize that
the trend shown in the BASRUN is a secular trend caused
by the behavioral and technological assumptions underlying the struc—
ture of DYNURB. Since these are regarded as realistic,the results

are of importance. In reality, such a trend cannot continue

k
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indefinitely: it indicates conditions which are likely to
induce technical change so that agricultural goods can be

produced more efficiently and therefore reverse or halt the

rising trend. Modelling such a structural change is, however,

beyond the scope of DYNURB.

i Factor Prices: It may be recalled that although factor

Prices are determined as marginal value product in DYNURR,

they are not equalized across sectors because:

: l) there is an imposed inter-region wage structure
5 such that urban wages are greater than rural wages.

f 2) the rates of factor augmentation differ between

sectors.

fhus, the absolute levels of urban and rural wages
(for efficiency units) differ by a constant proportion, but
their trends over time are identical. Table 5.18 reports
the changes in wages and capital rentals -- both for effi-
ciency units as well as for augmented units. 1In the case
of labour, augmented units are interpreted to be actual
people in man-equivalent units. For capital, however, there
is the classic problem of defining what a unit is and further,

what an augmented unit is. Table 5.18 reports these magni-

tudes for the agriculture sector only while details for

other sectors are given in the Appendix, Table A.5

ki
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It is seen that real wages per man rise continuously
over the period, while capital rentals, decline. Evidence
on the actual trends of these magnitudes is scanty. It can,
however, be said with certainty that even if wages have
risen in India in all the three sectors, they have not risen
by as much as 40 per cent as shown in Table 5.18. What
evidence there is shows that real wages have either remained
roughly constant since 1951, or have shown a slight rising
trend. Actual numbers are difficult to compare with here

: because:

1) There is full emplovment and the simu
equal labour's marginal product in

ii) They also include the self-employed sector
where wages are only imputed.

| ' 1ii) They are indexes for the whole country, and
" across sub-sectors, while in reality, wages
differ across regions and across industries.
In particular, in agriculture, wages have
risen significantly in the green revolution,
i.e., high productivity areas, and even
declined in the low productivity areas,

e.g. in the whole Eastern region.

Evenson and Oomen (in their unpublished tentative

paper) found that industrial wages were substantially below

labour’s marginal product in India. The results of DYNURB

S O SO

tend to support that finding, since real increases in wages
do not match those shown by DYNURB.

It is even more difficult to find real magnitudes
that correspond to the notional capital rentals. That these

have declined, i.e., that the marginal product of a unit of
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Table 5.18 Wages and Capital Rentals Per Efficiency Unit
- and Per Actual Unit 1n Agriculture

(Index: 1951 = 100)

WAGES RENTAL
per per per
Efficiency per Efficiency Augmented

Year Unit Man Unit Unit

i 2 3 4
1951 100.0 100.0 100.0 100.0
1954 100.2 104.0 98.6 101.6
1957 100.6 108.4 95.9 101.8
1960 101.2 113.1 92.7 101.4
1963 101.9 118.3 88.7 100.0
} 1966 102.8 123.9 84.3 97.8
| 1969 ] 103.9 130.0 79.4 95.0
1972 105.1 130.4 74.4 91.7
1975 106.3 143.2 69.5 88 .3
1978 107.6 150.5 64.6 84.5
1981 108.9 158.1 59.7 80.5
1984 110.3 166.2 55.1 76.5

SOURCE: BASRUN, Table A.5

capital has declined, would be consistent with observed
rising capital output ratios. Kelley and Williamson (1974)
also found a declining trend in capital rentals for Japan in

the Meiji period and explained it by saying that real interest

i
i
i
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rates had declined over the period. If the latter is true
for India 1is not clear, since it is difficult to derive a
real interest rate series. With rising capital /labour
ratios,as was seen in the last section, it is not surprising
that wage /rental ratios are increasing. If the investment
rate was more behaviorally based, the causation would be

the opposite: a rising wage-rental ratio would be seen to
lead to substitution of capital for labour. Here the invest-

ment rate is not sensitive to rental rates. But it is

behaviourally based to the extent that savings rates in
DYNURB model reality well and are then made identically equal
to investment. One can then argue that capital is being sub-
stituted for labour in response to rising wage-rental ratios,
leading to rising capital/labour and capital/output ratios.

Larger productivity increases could arrest the rise in capital/

output ratios and the decline in capital rentals.

Factor Shares: Table 5.19 reports the factor shares

for each sector and for the economy as a whole. Recall that
g in agriculture, capital and labour together have a fixed
share of income (67 percent) but are combined in a C.E.S.
production function. The other two sectors have only capital
and labour as inputs and have C.E.S. production functions.
Table 5.19 shows the share of labour to be decreasing in

agriculture, while increasing in the two urban sectors and
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Table 5.19 Factor Shares

(percent)
BASRUN Actual (Economy)
Share of Labour Labour Capital Mixed
Agric. 1Ind. Services Econamy
Year 1 2 3 4 5 6 7

1951 54.96 60.66 68.53 58.79
1954 54.96 60.84 68.58 58.95
1957 65.91 61.14 68.71 59.08

1960 54.86 61.52 68.88 59.23 34.5 15.0 50.5
1963 54.76 61.98 69.09 59.34 36.5 16.6 46.9
1966 54.68 62.55 69.33 59.46 36.2 16.3 47.5
1969 54.61 63.21 69.64 59.59 36.5 14.3 50.2
1972 54.54 63.92 70.02 59.71 36.6 14.9 48.5

1975 54.41 64.63 70.30 59.74
1978 54.33 65.44 70.71 59.81
1981 54.18 66.24 71.06 59.78

| 1984 54.07 67.07 71.46 59.77

SOURCE: Cols. 1,2,3,4. BASRUN, Table A.9.
Cols. 5,5,7. G.0.I. (1976), p. xxxi.

in the economy as a whole. The distribution of income is
also difficult to compare with actual values because of the
presence of a high proportion of self employed in a largely

agricultural economy like that of India. The share of

|
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employees, shown in column 5 is seen to be clearly rising,

a trend which supports the results of DYNURB. In agricul-
ture, Evenson and Jha (1974) reported a decreasing labour

share along with rising shares of capital and land, though

this varied across states. The results of DYNURB are

therefore corroborated.

5.7 Consumption Behaviour

The demand system in DYNURB 1is designed to model
plausibly the behaviour of consumers in the economy. As

mentioned in previous sections and in the last chapter, the

Stone Linear Expenditure System used in DYNURB is less than
perfect but is probably the best demand system that can be

used for the purposes at hand.

Table 5.20 reports the trends of the shares in
consumption expenditure of each of the three commodity groups
for the agriculture and industry based populations. The
behaviour of the service population is not reported, since it
is =2ssentially similar to that of the industrial population.l

The following points are worth noting:

_lFull details are found in Appendix, Table A.6. The small
difference between the industry and service populations are because
of the different augmentation rates of industrial and service
labour.
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Table 5.20 Shares of Agricultural, Industrial and Service
Goods and of Subsistence in Consumption Expenditures
in BASRUN
(pexrcent) -
Agriculture Sector Industry Sector
Agric. Industry Service Subsis- Agric. Industry Service Subsis-
Year Goods Goods Goods tence Goods Goods Goods  tence
L 2 3 4 E] 3 7 8
1951 72.2 11.6 16.2 53.7 49.6 13.4 37.0 32.8
1954 71.2 12.0  16.8 52.0 48.7 13.7 37.6 31.7
1957 70.2 12.4 17.4 50.4 48.0 13.9 38.1 30.7
1960 69.2 12.8 17.9 48.7 47.3 14.1 38.6 29.7
1963 68.2 13.2 18.5 47.1 46.7 14.2 39.1 28.9
1966 67.3 13.6 19.1 45.5 46.0 14.4 39.6 28.1
1969 66.3 14.0 19.6 43.9 45.5 14.5 40.0 27.3
| 1972 65.4 14.4 20.2 42.4 44.9 14.7 40.4 26.6
1975 64.5 14.8 20.7 40.9 44 .4 14.8" 40.8 25.9
1978 63.7 15.1 21.2 39.4 43.9 15.0 41.1 25.2
f 1981 62.8 15.5 21.7 38.1 43.5 15.1 41.4 24.6
f
1984 62.0 15.8 22.1 36.1 43.0 15.2 41.8 24.0

SOURCE: BASRUN, Table A.6

|
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1) Share of Food: Over 30 years, the share of food

in the consumption expenditure of the rural population
declines from about 72 to 62 percent. The surprising
thing is not that it declines, but that the decline is
slow. The corresponding decline in the industrial
population is from 50 to 43 percent. That this decline
is slow, is an indication of low level of the economy
at the beginning of the period and of the modest nature
of its growth, though significant. Such consumption
data are available on a continuing basis from the
National Sample Surveys (N.S.S.) in India. The decline
in the share of food is not yet perceptible. This is
not surprising, since in DYNURB the decline is of

about 6 percent until 1969 at constant prices. The

figures reported in the N.S.S. are at current prices

and the relative rise in food prices therefore, partly
3 accounts for the constancy of expenditure shares. The
average food share reported in these surveys is in the

region of about 70 percent for rural areas and about

58 percent for urban areas. (D.B. Gupta (1973), p.l43),

thus, lending support to the plausibility of DYNURB.

ii) Urban/Rural Differences: Note that the large difference

in consumption behaviour between urban and rural con-

sumers is in the proportion of income spent on services.

{
'
i
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iii) Subsistence: Columns (4) and (8) of Table 5.20 show the

proportion of consumption expenditure spent on subsis-
tence requirements. The decline in these porportions
is more dramatic than the decline in food shares. Almost

half of rural expenditures are on food.

Income Elasticity of Demand

The ranges of the income or expenditure elasticity of

demand for each good are as follows:

Agriculture Industry and Services
Rural 0.55 to 0.65 2.16 to 1.58

Urban 0.47 to 0.58 1.59 to 1.31

(See Table A.6 for details)

As shown in Section 3.5, in equations (3.27) and (3.28)
nlj <1 and n2’3j > 1 and each tends towards 1 as the
subsistence component of expenditure decreases. Among the
various estimates of expenditure elasticities, are those of
D.B. Gupta (1973) and L. Jureen (1956).

These correspond well with the results of DYNURB
although Jureen's estimates appear to be on the high side.
Gupta's food figures are for foodgrains only, and therefore

j lower than the elasticities reported for DYNURB. It is

.
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Food Clothing
 Jureen Gupta Gupta
(foodgrains)
Rural 0.8 0.46 to 0.57 1.4 to 1.5

Urban 0.7 0.23 to 0.29 1.6 to 1.9

interesting to note that the income or expenditure elasti-
city for the demand for clothing is higher for rural areas
than for urban areas. 1In a country as poor as India, in-
dustrial goods consumed consist mainly of clothing,
particularly for rural people.

One of the shortcomings of the Stone demand system
used which was pointed out in Section 3.5, was that the

expenditure elasticities are the same for industrial and

! service- goods, as long as neither is regarded as a subsistence

good (i.e. FMIN = 0). This shortcoming is borne out by

2,3
the results.

5.8 Technical Change and Sources of Growth

As discussed in Section 4.26, technical change is
rather carefully specified in DYNURB. It is exogenous to
the extent that labour and capital augmenting rates are exo-
genously specified as is the rate of neutral (unexplained)
technical change GBi. It is endogenous to the extent that

the shares of each sector change endogenously as do the shares
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of labour and capital in each sector. Table 5.21(a) shows

the rate of growth of net output and the contribution to it

Table 5.21(a) Growth Accounting for Economy

(BASRUN) (percent per year)

Contribution to Growth by:

Year Net

From Output Labour Capital Tech. Change
1951 to 1 2 3 4

1957 3.48 1.13 0.67 1.51
1963 3.54 1.13 0.73 1.49
1969 3.59 1.13 0.78 1.48
1975 3.63 1.14 0.81 1.46
1981 3.67 1.14 0.83 1.45

SOURCE: BASRUN, Table A.1l6.

by labour, capital and technical change.l Technical change
in DYNURB is not regarded as the residual, but is largely
accounted for by the augmentation of labour and capital --
except for the exogenous change GBl in agriculture.

Table 5.21(b) presents Dholakia's estimates of the sources

of growth in the Indian eccnomy, but these are derived from

the use of a Cobb-Douglas production function and therefore
mask the biases in technical change. Growth in DYNURB is

slightly over-stated because the DYNURB economy has no

lcols. 2,3 and 4 do not add up to Column 1 in Table 5.21(a)
because the rates of growth of land and livestock are not
reported here.

v
¢
L-:;
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Table 5.21 (b) Growth Accounting for Economy

(Actual) (percent per year)

Contribution to Growth by

: Net Labour Capital Tech.
Years Output Change
1 2 3 4
1949-69 3.24 : 1.29 0.92 0.93
1949-55 2.59 0.95 0.59 0.85
1955-61 3.97 1.33 1.02 1.56
1961-69 3.18 1.51 1.12 0.49

SOURCE:  Dholakia (1974), p. 209.

'bad years' as does India in reality. The contributions to

growth correspond well with reality (as reported by Dholakia).

Some of the discrepancies may be explaihed by his inappro-
priate use of Cobb-Douglas functions -- as is discussed by

Kelley and Williamson (1974, p. 113). The contribution by

technical change is the most important while that by capital
is the least. These results are a reminder that the impor-
tance of capital in growth is usually overstated, though
clearly important. The increase in population (and labour
force) also contributes to the growth of the economy.

Table A.16 in the Appendix shows the contribution of

technical change in each sector to total technical change.
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It may be surprising to some that the rate of technical
change in agriculture is the biggest contributor.

Table 5.22(a) reports the sources of growth in each
sector. Industry is the fastest growing sector in which the
contribution to growth by capital is the greatest; labour
contributes relatively more to services and to agriculture
as a proportion of total sectoral growth. The rate of

technical change

R. >R, >R

as was intended. Recall that there is a large component
of exogenous (of the 'manna from heaven' type) neutral tech-
nical change in agriculture since reasonable capital and
labour éugmenting rates could not account for all the tech-

nical change in Indian agriculture as estimated by Evenson

and Jha (1973). The contributions of capital and labour
augmentation in each sector are reported in Appendix Table
A.17. It is also seen that the bias of technical change is

negative, (i.e. labour wusing and capital saving)in agricul-

ture; and positive, (i.e. capital using and labour saving)in
industry and services.

Table 5.22(b) reports Dholakia's sectoral estimates.
His low estimates for agriculture have been discussed earlier
and the discrepancy attributed to an erroneous estimation of

total output growth rate in agriculture. Note that his

{
§
!
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Table 5.22(a) Growth Accounting by Sectors
. (BASRUN) (percent per year)
g Year Contribution to Growth by
From Net Tech.
Sector 1951 to Output Labour Capital Change
1 2 3 4
1. Agriculture 1966 2.54 0.84 0.27 1.76
1981 2.56 0.84 0.33 1.76
: 2. Industry 1966 4.96 1.82 1.59 1.31
§ 1981 5.01 1.88 1.56 1.33
3. Services 1966 4.50 2.00 1.36 1.11
1981 4.49 1.93 1.40 1.12

SOURCE: BASRUN, Table A.17.

Table 5.22(b) Growth Accounting by Sectors
(Actual) (percent per year)
Net Contribution to Grow;h by
Sector Years Output Labour Capital Tech. Change
L 2 3 4
1. Agriculture 1548-65- 1.88 0.84 0.32 0.56
2. Non-
[_ Agriculture 1948-69 4.79 1.46 1.79 1.49
SOURCE: Dholakia (1974), pp. 234, 239.

3
_ AT
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estimates of labour and capital contributions to growth
in agricultﬁre are rather close to those in DYNURB. Thus
5. his rate of technical change calculated as the residual is
very low. His estimates for the non-agriculture sector

correspond well with DYNURB, though.

5.9 Summary

This chapter has reported the numerical results of
the BASRUN simulation of DYNURB. While strict compara-
bility with the actual record of Indian post-independence
i development has been difficult because of definitional and
other problems, the plausibility of DYNURB as a model
representing the development of a low income country is
largely confirmed.

The simulation shows that the transfer of labour from
rural to urban areas is as much to service sector occupations
as to industrial occupations. Thus it is essential to study
structural change in at least a 3-sector context as distin-
guished from the usual 2-sectors. As evidenced from the demand
coefficients used in the simulation, the demand for services
is particularly significant in urban areas and its neglect,
therefore, would miss one of the most important components

of structural change in a growing economy.

L
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The representation of technical change as modelled

is shown to be plausible. Its essential ingredients are:

(1) A labour-saving bias in urban areas along

3 - with a capital saving one in rural areas.

% (ii) A higher rate of technical change in agriculture

g@ compared with the other two sectors. This is

ﬁj essential to provide enough food for the increas-
&g ing population and for the increasing urban, i.e.,
f}{

non-rural based demand.

(iii) Capital and labour augmentation account completely
for technical change in the urban based sectors

2 e

ol 2% N YT =

but 'unexplained' change is necessary in the

agriculture sector.

The BASRUN also shows that even with a 'respectable'

savings' and investment rate a very low income economy like the

é one simulated has difficulty achieving very high rates of
growth: particularly per capita growth when population growth

rates are high. This is partly caused by the large propor-

PRI 2

tion of consumption expenditures being required for food

TTE

subsistence purposes. Thus, as population grows, much of the

investment has to be directed towards agriculture to keep
i food production in line with population growth. Correspond-
ingly, the pace of structural change, i.e., urbanization and

industrialization, is slow.
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7r ﬁf’gA

Cause and effect are characteristically difficult

to separate in a general equilibrium model. The next

chapter provides a better idea of the underlying causes of

structural change through the use of sensitivity tests of

the model, now that its plausibility has been demonstrated.

i

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



203

6. India in the Year 1984: What Could Be
Sensitivity Tests With DYNURB

i
L
I

it

6.1 Introduction

The last chapter provided justification for the use
of DYNURB to study the structural changes in a low income
country undergoing development. Cause and effect are charac-
teristically difficult to disentangle in a general equili-
brium model -- even when it is a relatively small one such
as DYNURB. Moreover, as pointed out in Chapter 2, though
small in size, DYNURB has a high degree of closure and
hence the relationships among its parts are complex. Analy-
tical results are virtually impossible so sensitivity tests
have to be used to obtain a better understanding of the
workings of the model and, by inference, of the economy it
represents. Drawing strong conclusions from the results
of sensitivity tests on a simulation model is, however,
hazardous. It is not easy to distinguish results caused
by technical gquirks in a model from those that are conse-
quences of the structure of the economy. Technically, sen-
sitivity tests are used as a device to explore the behaviour
of the system over an n-variable space. It would thus
take an infinite number of tests to explore the whole space.
The problem is then to conduct those tests that illuminate
the space of most interest and relevance within feasible

bounds of realism.

1
L.
L
!
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About 50 experiments were conducted, each of which
involved a-change in one of the parameters. Only 16 are re-
ported here, being those of most interest. The issues

? investigated are:
1. The effects of different rates of population
growth.

2. The importance of the pattern of demand in the
growth process.

3. The degree of importance of capital formation.

4, The relevance of different degrees of friction
in the system caused by transport costs.

5. The consequences of wage egualization between the
two regions in the economy.

5 6. The role of different kinds of technology in the
| growth process.

‘Primary attention is given to the effects on urbani-
zation in order to approach a dynamic theory of urbanization.
Other structural effects are also investigated to shed light
on the development process as a whole. In the way that it is dif-
ficult to choose the experiments that are of interest, it is
also difficult to select the indicators of importance
out of the mass of economic statistics that the model generates
as output. Difficulties are also encountered in choosing the
indices of change that can be easily comprehended and which
provide for comparability between experiments. Kelley et.al.
(1972) choose 'structural elasticities' to report their results.

These are

{

Bi
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_ % change in variable at time t
€v ~ % change in parameter at time t

To separate the dynamic changes from the static change,

they define an 'adjusted structural elasticity' as:

i.e., the difference in each elasticity at time t
i compared with time 0. The change in parameter was

standardized as a 1 percent change.

While this method provides a systematic way of com-

paring effects of different experiments, the elasticity
statistic has little theoietical basis .or intuitive appeal.
Moreover, standardizing the change at 1 per cent only ex-
plores the effects within a very restricted parameter space
from which few conclusions can be drawn for larger changes
in as non-linear a model as this. The statistics reported
here are not standardized but are different for different
sets of variables according to what is appropriate for each.
The criterion for choice is that of intuitive intelligibility.
The changes in parameters are also not standardized, but are
issue oriented.

However, the results of sensitivity tests are
reported in a set format: éach test yields 2 tables, one pertaining
to urbanization and the other to other structural changes. They
E are explained on page 209.

The changes repogted for the initial period are
the comparative static results while changes in other years

are dynamic results. These are often in opposite directions.
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In experiments such as those on population growth, there
are no changes in the initial period since a change in
population- growth does not affect the initial period.

One overall conclusion from the sensitivity tests
5 performed, worth reporting at the outset, is that the dynamic
generai equilib;ium system incorporated in DYNURB behaves
much like a buffalo -- as does the Indian economy! Exo-
‘ genous shocks, i.e. changes in parameter values, do not
3 make radical differences in the growth path of the economy --
{ even when these changes are of a substantial magnitude. A
shock in one component produces ripples across the economy
; and equilibrating forces are set in motion dampening the
? long run impact. This is what should be expected from a
general equilibrium system with an unchanging structure.
What is difficult to simulate and is not attempted here at
all, ié the response of the structure itself to these changes.

If that were done, an even longer run model would be developed.

6.2 Population Growth

The experience of extremely high rates of urbanization
in LDCs in recent decades has partly been attributed to high
population growth rates. Thus, tests are conducted here to
judge the guantitative effects of different rates of popu-
lation growth. A range of tests was performed with small changes
ir the growth rates (GURB and GRUR) and with large changes.

| Tables 6.1 to 6.4 report the extreme results: those with
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b zero population growth and with a growth rate of 2.5
percent per year. The latter is high by Indian standardg
. though Latin American population growth rates are charac-
teristically in the region of 3 per cent.

P The most interesting result is that with zero

| population growth, (ZPG), urbanization proceeds at a more

rapid rate as shown in Table 6.1. In 33 years, the level

of urbanization is about 42 percenﬁ as opposed to 35 percent

in the BASRUN. The reasons are not difficult to find. With

ZPG, the growth of per capita income is greater and with the
5' income elasticity of demand for food being less than unity,
the shift in consumption patterns toward urban goods is
é correspondingly faster. This shift would be even more signi-
ficant’if another demand system was used in which all income
elasticities did not approach unity in the long run.l The
absence of the additional demand for food from increased
population and a faster shift to urban goods produces an
increased demand for urban labour and consequently increas-
ingly higher levels of urbanization. This result depends
on the assumed rates of technical change which permit
labour to be released from agricultural production. To the

extent that agricultural terms of trade tend to deteriorate,

l’I‘his distortion is not critical, as has been argued
earlier, at low levels of income where subsistence require-
ments are still substantial.

f
[5
Lﬁ
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(Table 6.2, line 9), it would be reasonable to expect an

induced effect on the rate of innovation in agriculture.

Indeed, the rate of technical change could slow down, thus

requiring more labour in agriculture and consequently re-

sulting in a slower urbanization rate. To predict such

é changes, a more sophisticated theory of technical change is
required which: alas, DYNURB does not incorporate. Here
only different possibilities can be investigated.

E Although the rate of urbanization is increased

significantly, the rate of growth of urban population ob-

viously declines. The important point, however, is that
these growth rates are significant (line 3, Table 6.1), even
with the extreme assumption of ZPG. With more reasonable
assumptions, i.e., natural population growth rates of
betweeﬂ 1 to 2 percent per year, the rate of growth of
urban population is in the range of 2.0 to 2.5 percent per
year as compared with about 2.8 percent in the BASRUN. The
lesson then is that a decrease in the natural growth of
population will not remove urbanization problems of L.D.C.S.
The six to seven percent urban population growth rates
characteristic of some Latin American countries would only
decline to 4 to 5 per cent if the natural population growth
decreased to about 1.5 percent from the current 3.0 percent
a year.

Lest these conclusions be taken too far, it is

worth recalling that the definition of urban population in

(contd. on p. 210
after Table 6.1)
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NOTES ON TABLES ON SENSITIVITY TESTS

Results of experiments are reported in two tables
in each case. 0dd numbered tables report the effect on
urbanization and even numbered tables report those on other
key economic indicators. Explanation of Tables:

- A. Effect on Urbanization

1. NEWRN - the results of simulation with the change
in parameter as noted above the table.

2. Percentage Difference - percentage change in variable
at time t as compared with value in the BASRUN.

3. Growth Rate of Urbanization: This is the growth rate
of the urbanization level, i.e. the growth rate
of the share of urbanization.

4. Growth Rate of Urban Population: This is the growth
rate of total population in urban areas.

§ B. Effect on Other Key Economic Indicators

1. BASRUN 1951 Value: This is the value or level of
' the variable in 1951 in the BASRUN. Eg.
‘ 915 is the value of GNP in 1951.

2. Growth Rates: All growth rates are based on the
initial period, i.e., 1951. Thus the
growth rate reported under 1972 is that

- from 1951 to 1972.

3. Actual Difference in Percentage Share: The changes
in output and labour share are reported as
the actual differences in percentage share
as compared with the BASRUN in the same
year. Thus, 1f share of agriculture is
50% in 1963 in the BASRUN and actual dif-
ference reported is =-1.61, +then the share
of agriculture is 48.39% in 1963 in the NEWRN.

4. Percentage Changes - are reported for all the other
g variables: K/L ratio, W/R ratio (wages/
‘ : rental), wages, K rentals, Urban Terms of
Trade and Net Investment/GNP. Thus if K/L
ratio is 1.00 in 1963 in the BASRUN and
percentage chanye reported is 20.6%, the
NEWRN value is 1.206 in 1963.

, 5. Wages, K Rentals: Only agriculture wages and

| K Rentals are reported, since the others are
f directly proportional. These are returns to
’ efficiency units.
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Table 6.1 Experiment No. 1
Zero Population Growth GURB = GRUR = 0.0
EFFECT ON URBANIZATION

1951 1963 1972 1984

Level (% Urban) BASRUN 26.73 30.04 32.25 35.01
NEWRN 26.73 33.01 37.01 41.74
(3 Difference) 9.87 14.74 19.23
Growth Rate of BASRUN 0.98 0.90 0.82
Urbanization NEWRN 1.77 1.56 1.36
(3 Difference) 81.25 73.73 65.61
Growth Rate of BASRUN 2.92 2.84 2.76
Urban Population NEWRN 1.80 1.59 1.39

(contd. from p. 208)

DYNURB is less than perfect in that it is assumed that
all industry and service employment is in urban areas. Pros
and cons of this assumption have been discussed earlier so
they will not be repeated. It is only noted here to indi-
cate that conclusions on urbanization are being offered with
full cognizance of this limitation but are still considered
to be valid.

It is worth delving further into the simulation
results to understand the mechanism in DYNURB which
produces these results. The most dramatic result in the

ZPG simulation is the reversal in the terms of trade making
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TABLE 6.2 Experiment No. 1
Zero Population Growth: GURB=GRUR=(C.0
» BASRUN Year
. ) 1951
] Variable Value 1951 1963 1972 1984
; 1. GNP Growth Rate BASRUN 915 - 3.54 3.61 3.69
; (% per year) NEWRN 915 - 2.42 2.43 2.44
? 2. GNP Per Capita Growth BASRUN 0.25 - 1.58 1.6 1.74
Rate (% per year)  ypypy 0.25 - 2.39 2.40  2.41
3. Output Share Agriculture 57.4 0o -1.61 -1.83 -1.18
(Actual Differance Industry 22.1 0 0.50 0.62 0.23
in % Share) Services 20.5 0 1.11 1.21 0.9
1 4, Labor Share Economy 58.8 0 0.84 1.63 3.18
1 (Actual Difference  Agriculture 55.0 0 -0.16 -0.31 -0.43
; in % Share) Industry 60.7 0 1.38 2.01 2.54
§ Services 68.5 0 0.64 0.87 1.17
E Percent Changes
. 5. K/L Ratio Economy 0.92 0 20.61 32.19 44.16
6. W/R Ratio Agriculture 2.19 0 15.76 24.66 34.4]
7. Wages Agriculture 0.2661 0 9.21 15.77 24.75
{ 8. K Rental Agriculture 0.1213 0 -5.67 -7.13 -7.19
; 9. Terms of Trade Urban 89.6 0 4.97 9,78 17.42
| 10. Net Investment/GNP 5.9 0 -6.00 -7.21 =6.91

g

(Percent)
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Table 6.3 Experiment No. 2
High Population Growth: GURB = GRUR = 0.025
(BASRUN GURB = 0.017
| GRUR = 0.020)
§ 'EFFECT ON URBANIZATION
§ 1951 1963 1972 1984
; 1. Level (% Urban) BASRUN 26.73 30.04 32.25 35.01
i NEWRN 26.73 29.14 30.88 32.74
§ (3 Difference) - -3.00  -4.25  -6.50
| 2. Growth Rate of BASRUN - 0.98 0.90 0.82
Urbanization NEWRN - 0.72 0.69 0.62
(3 Difference) -26.18 -23.20 -24.98
? 3. Growth Rate of BASRUN - 2.92 2.84 2.76
Urban Population NEWRN - 3.23 3.20 3.12

urban goods more expensive. This has a dampening effect on
the demand for urban goods including capital goods. The
proportion of net investment to GNP declines: the economy
endogenously adjusts for a slower population growth rate.
The converse happens with an increase in population growth

(Table 6.4): the proportion of investment increases, thereby

f mitigating somewhat the negative effect on per capita incomes.
£ Note, however, that the change in investment decreases in
E later years and would probably equal the BASRUN in a long
; enough simulation in both cases. The economy therefore has

built in stabilizing influences over the long run which can

|
|
|
|

,,
2
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TABLE 6.4 Experiment No. 2
"High Population Growth : GURB=GRUR=0.025
(BASRUN : GURB = 0.017)
: GRUR = 0.020)
P Year
F BASRUN 1951 1963 1972 1984
: ' 1951
- Variable Value
5, 1. GNP Growth Rate BASRUN 915 - 3.54 3.61 3.69
i (% per year) NEWRN 915 - 3.86 3.96 4.05
Q 2. GNP Per Capita Growth  BASRUN 0.25 - 1.58 1.66 1.74
g Rate (% per year) NEHRN 0.25 - 1.3 1.43 1.52
§ 3. Output Share Agriculture 57.4 0 0.59 0.57 0.81
? (Actual Difference in  Industry 22.1 0 -0.30 -0.17 -0.33
§ % Share) Services 20.5 0 -0.29 -0.41 -0.48
; 4, Labor Share - Economy 58.8 0 -0.18 -0.41 -0.83
3 (Actual Difference Agriculture 55.0 0 0.07 0.07 0.09
| in % Share) Industry 60.7 0 -0.35 -0.58 =-0.65
1 Services 68.5 0 -0.14 -0.28 -0.32
g Percentage Changes
; 5. K/L Ratio Economy 0.92 0 -5.31 -7.91 -10.27
g: 6. W/R Ratio Agriculture 2.19 0 =-3.87 -6.08 -7.14
§ 7. MWages Agriculture  .266 0 =-2.50 -4.27 -6.47
8, K Rental Agriculture 0.121 0 1.42  1.93 0.73
9. Terms of Trade Urban 89.6 0 -1.44 -2.68 -4.80
10. Net Investment/GNP 5.9 0 1.62 1.85 1.32

(Percent)

[
[
b
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only be captured by a general equilibrium model. To the
extent that.these influences tend toward a dynamic equi-
librium, the implication is that policy choices may not

make a substantal diffexence over a long period, but do

over a period like 5 - 15 years. Put another way,

policy choices can determine the path taken by an economy to
reach an objective but perhaps not the objective itself.

As should be expected with ZPG,wages increase
substantially, K rentals decline and therefore the wage

rental ratio increases with a corresponding increase in the

overall capital labour ratio. Since the elasticity of sub-

stitution between capital and labour is 1.2 in agriculture,

capital is substituted for labour to a larger extent in that

sector and the labour share consequently declines despite a

substantial rise in wages. The implication is that if the

elasticity of substitution in the two urban sectors was higher
than the assumed 0.6 and 0.8, more capital would be employed,
demand for labour would decline and wages would tend to

decrease. [Some of these effects are investigated later in

experiments with the elasticities of substitution]. When

population growth rates are low, low elasticities of sub-~

stitution are better for labour!
The opposite result holds for high population growth.
Higher elasticities of substitution in the urban sectors

; would increase the demand for labour, cause higher wages and

a higher urbanization rate. Those who call for 'appropriate

,r
!
}.
|
ii
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technologies' and a better allocation of factors in the
interest of employment generation in the context of high'
population growth, should be aware that higher urbanization
rates will be one of the results of such policies. This
result is not dependent on the assumption of full employment.
It would be the same even if unemployment is allowed and
migration behaviour conforms with the Harris-Todaro (1970).
hypothesis or one of its wvariants.

The share of the service sector in total output
increases more than that of industry. Thus labour absorption
in urbar areas is more due to service sector expansion. A
model not including the service sector would not have this detail
and would therefore show a slower rate of labour absorption.
It is the neglect of the service sector or its perception
as a sponge that leads to fears of widespread urban unemploy-
ment along with high urbanization growth rates. The explicit
inclusion of the service sector in DYNURB is therefore once
again shown to be illuminating a crucial aspect of develop-
ment and urbanization. Recall that the relatively faster
growth in the demand for service goods is determined in
DYNURB by specification of the demand parameters. The con-
clusions drawn above therefore depend on the validity of the
numerical magnitudes used. These have already been Jjustified
in Chapter 4, hence these conclusions must be deemed to be

valid.

|
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The last result of 2ZPG worth noting is that the
increase in the growth of per capita income is not striking
and that the difference relative to the BASRUN declines over

time. The implication is that, ceteris paribus, over a long

enough period, a high population growth rate does not necessar-

ily mean a smaller growth in per capita income. This is

partly because endogenous adjustments induce a higher in-
vestment rate. What is true, though, is that per capita
income is increased with lower population growth in the
short run and it is likely that such increases cause other

structural changes which make the growth self sustaining.

This cannot be modelled by DYNURB.

| The experiments on population growth do not allow for
differential growth rates between population and labour. The

participation rate is assumed to be constant though different

for wurban and rural areas. A richer demographic sub-model
would allow the modelling of changes in age structure over
time -- in particular, the lag between population growth and

labour force growth.

.~

| 6.3 Changes in Demand Patterns

Discussions of development and urbanization are
typically supply oriented. Thus, a large amount of attention
is paid to the possibilities of increasing efficiency in
production, to inappropriate choice of technigues, to the

rate of population growth and so on. It is usually assumed
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that Say's Law holds in low income countries, i.e.,

that whatever is supplied will be consumed and that the
important constraints are to do with supply. Phenomena such
as the "embarrassment of riches"-associated with the recent
bumper harvest in India indicate that demand constraints
may be as important. Thus the effects of changes in demand

patterns are investigated with some care in this work.

Two sets of experiments are reported. One set reports

the effects associated with changes in marginal budget shares

(Bijs) (Tables 6.5 to 6.8) and the other, those associated

with changes in perceptions of subsistence requirements

ey ey T

(Tables 6.9 to 6.12).

Recalling the derivation of the Stone demand system

B e e

from its associated utility functions, it is fair to say
that the set of experiments with changing marginal budget
shares is really investigating the effects of changing con-
) sumer tastes. It is somewhat surprising when viewed in

E‘ this manner, that growth rates of real income can be affected
f by a mere change in preferences!

i Tables 6.5 and 6.6 report the effects of an increased
5, preference for food in urban areas and Tables 6.7 and 6.8

i

| report those of an increased preference for urban goods in
rural areas. The results of one experiment are the converse
of the other. Thus, only the results of Experiment No. 3

are discussed and those of Experiment 4 simply presented.
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As a result of the shift in urban demand in favour
of food and away from urban goods [the experiment performed
makes the urban demand pattern identical to the rural pattern],
the level of urbanization decreases in the initial year and
continues to decrease relative-to the BASRUN in later years.
The growth rate of urbanization decreases as well. Thus a
change in preferences produces a comparative static result
which tends to persist over time.

The shift in demand towards agriculture increases

the share of agriculture in total product and resources shift

to that sector accordingly. Given that agriculture is a less
productive sector (in the sense that an equivalent amount of

resources produces less value added)the level of QP decreases in

the intial year and continues to decrease relative to the
BASRUN levels in later years. The economy wide growth rate is lower.
? Since urban based income decreases, and because urban savings
rates are higher than rural rates, the level of total invest-
ment in the economy declines. Thus the overall K/L ratio
declines relative to the BASRUN over time. Associated with

’ this result is a counter-intuitive one: the K/L ratio
increases in each of the sectors! This seeming paradox is

] explained as follows in a comparative static framework:

A greater demand for agricultural goods induces a relatively

greater demand for agricultural labour and capital; but since

—— << == , = (6.1)

.
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Table 6.5 Experiment No. 3

Increase in Urban Demand for Foodl

EFFECT ON URBANIZATION

1951 1963 1972 1984

1. Level (% Urban) BASRUN 26.73 30.04 32.25 35.01
NEWRN 23.63 26.40 28.42 30.70

(¢ Difference) -11.60 -12.12 -11.92 -12.30

2. Growth Rate of BASRUN - 0.98 0.90 0.82
Urbanization NEWRN - 0.93 0.88 0.80

(3 Difference) -5.10 -1.68 -2.97

3. Growth Rate of BASRUN - 2.92 2.84 2.76

Urban Population NEWRN - 2.87 2.83 2.74

Note 1: Demand coefficients in the urban sector are
i made equal to those in rural sector, i.e.,

Ag. Goods: By, = Bj, = By = 0.4 (0.25)

Ind. Goods: 821 = 822 = 823

0.25 (0.20)

Serv. Goods: 831 = 832 = 633 = 0.35 (0.55)

Figures in parentheses are the BASRUN Urban
Sector demand coefficients.

i
B
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i. TABLE 6.6 Experiment No. 3
B ‘Increase in Urban Demand for FoodjL
BASRUN 1951 1963 1972 1984
. 1951
Variable Value Year
1. GNP Growth Rate BASRUN a15 - 3.54 3.61° 3.69
(% per year) NEWRN 906 - 3.48 3.56 3.63
2. GNP Per Capita Growth  BASRUN 0.25 - 1.58 1.66 1.74
Rate (% per year) NEWRUN 0.25 - 1.53 1.60 1.68°
3. Output Share Agriculture 57.4 3.76 4.23 4.25 4.63
(Actual Difference Industry 22.1 0.68 0.70 1.03 0.97
in % Share) Services 20.5 -4.44 -4,93 -5.28 -5.60
4, Labor Share Economy 58.8 -0.39 -0.36 -0.36 -0.29
. (Actual Difference Agriculture 55.0 -0.13 =-0.12 -0.14 -0.16
% Share) Industry 60.7 0.94 0.98 0.8 0.80
: Services 68.5 n.43 0.46 0.38 0.35
? Percentage Changes
5. K/L Ratio Economy 0.92 0 -0.55 -1.14 -1.89
: 6. W/R Ratio Agriculture 2.19 10.49 10.88 9.99 9.60
7. Wages Agriculture 0.266 0.81 0.59 0.19 -0.28
: 8. K Rental Agriculture 0.121 -8.77 -9.28 -8.91 -9.01
‘ 9. Terms of Trade Urban 89.6 -3.36 -3.56 -3.42 -3.40
10. Net Investment/GNP 5.9 -1.01 -1.65 -1.98 -2.73

¥
N

A

e
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Table 6.7 Experiment No.
Decrease in Rural Demand for Food
EFFECT ON URBANIZATION
1951 1963 1972 1984
1. Level (% Urban BASRUN 26.73 30.04 32.25 35.01
NEWRN 29.20 32.61 35.08 37.71
(¢ Difference) 9.26 8.53 8.75 7.70
2. Growth Rate of BASRUN - 0.98 0.90 0.82
Urbanization NEWRN - 0.92 0.88 0.78
(3 Difference) -5,77 -2.49 -5.34
3. Growth Rate of BASRUN - 2.92 2.84 2.76
Urban Population NEWRN - 2.86 2.79 2.69
Note 1: Bll = 0.30 821 = 0.30 31 < 0.40
BASRUN (0.40) (0.25) (0.35)
there is relatively greater pressure on the labour market.
Hence wages tend to increase, K rentals decrease, resulting
in an increase in the wage-rental ratio. Thus the K/L
ratio increases in each sector but relatively more in agri-

(6.2)

Thus, while the stocks of capital and labour increase in



555?4

TABLE 6.8 Experiment No. 4

- Decrease in Rural

Demand for Foodl

1. GNP Growth Rate
(% per year)

2. GNP Per Capita Growth
Rate (% per year)

3. Output Share

(Actual Difference
in % Share)

4, Labor Share
(Actual Difference
in % Share)

Percentage Changes

5. K/L Ratio

6. W/R Ratio

7. Wages

8. K Rental

9. Terms of Trade

10. Net Investment/GNP
(Percent)

BASRUN
NEWRN

BASRUN
NEWRN

Agriculture
Industry
Services

Economy
Agriculture
Industry
Services

Economy

Agriculture
Agriculture
Agriculture

Urban

BASRUN
1951

Value
915

924

0.25
0.25

57.4
22.1
20.5

58.8
55.0
60.7
68.5

Note (1) See Note (1) in Table 6.7

222

1951 1963 1972 1984
- 3.54 3.61 3.69

- 3.57 3.64 3.72

- 1.58 1.66 1.74

- 1.62 1.71  1.79
-3.50 -3.48 -3.73 -3.49
1.61 1.44 1.68 1.59
1.90 2.04 2.05 1.90
0.24 0.18 0.11 0.01
0.15 0.11 0.06 0.04
-0.69 -0.60 -0.56 -0.41
-0.29 -0.28 -0.31 =-0.22
0 0.63 1.24 1.71
-7.41 -6.41 -5.93 -4.45
-0.60 =-0.27 0.06 0.44
7.35 6.56 6.35 5.12
2.85 2.61 2.58 2.14
1.85 1.38 1.14 0.60
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agriculture, they decrease in the urban region. Consequently,

in view of 'relationship (6.1), the overall capital labour

ratio declines, while each of the sectoral ratios increases.
Dynamically, relative to the BASRUN, wages decline in

later years but since K rentals decline as well, the factor

price ratio continues to be greater. With the shift in de-
mand towards food, the terms of trade move even more against
urban goods and the proportion of net investment to GNP
continues to decline. Thus the growth rate of national income
is relatively lower.

It is found, therefore, that a shift urban consumer
tastes toward food has an important effect on levels of income
as well as over the long run. Tables 6.7 and 6.8 report the

effects of the converse case: when rural preferences shift

toward urban goods and larger marginal budget shares are
spent on these goods. Such a change induces a faster growth
rate of income and higher urbanization levels. 29.2% of
the population in the initial period is urbanized as com-
pared with 26.7 percent in the BASRUN. Such a difference

persists over 20 years and is therefore a non-trivial effect.

The effects discussed above are to be distinguished
from Engel effects which are only due to different income
elasticities of demand for urban goods (>1) and for
agricultural goods (< 1). Experiment 4 simulates a further
structural change which could appear with rising income

causing a shift away from rural goods. A better experiment
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would be to make the Bs variable over time so that the
shift away  from agricultural goods takes place along with
rising income. The results of Experiment 4 indicate that
the effects of such a structural change would be to reinforce
Engel effects and to induce a progressively higher rate of

growth of income and of urbanization.

Subsistence Requirements

It is assumed in the simulation of DYNURB that
consumers regard only food as a subsistence good and that
this is some absolute nutritional minimum which remains the
same over time. Experiments 5 and 6 investigate the effects
of changes in the perception of consumers as to what con-
stitutes subsistence goods. It is sometimes argued that
subsistence requirements rise over time along increases in
income. Experiment 5 investigates the consequences of such
a shift in requirements, so that FMIN(1l), the amount of
food required to subsist, increases at a rate of 1.5 per
cent per year. Other experiments were conducted with a once
and for all increment or decrease in FMIN(l). Their re-
sults were consistent with those reported from Experiment 5.

The effects on the level and rate of urbanization
are dramatic. The economy begins to ruralize! In 1984
the level of urbanization declines to 24.2 per cent of popu-

lation from 26.7 per cent in 1951. The BASRUN level in
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1984 is 35.0 percent. The growth rate of urban population
is still poéitive though only 1.60 percent per year.

The increased demand for food tends to shift resources
to the agriculture sector. The wage-rental ratio increases
with overall results similar to Experiment 3, though much
more pronounced. With a shift of resources out of the urban
region and consequently lower savings rates, the proportion
of investment declines producing a slower overall capital

accumulation rate and a lower capital labour ratio. Once

again, the capital-labour ratio is relatively higher in each
: of the sectors. The terms of trade of urban goods decline
markedly relative to the BASRUN -~ 8% lower in 1984. All
these results are as should be expected, but what is surpris-

ing is the magnitude of the effect. The per capita income

growth rate declines from about 1.75% to 1.5%. The share of
agriculture is 12.3% higher in 1984 than was the case in the
BASRUN. The magnitude of these effects is important if this
experiment is considered in the context of a nutrition or
food subsidy programme. Where such a programme is being
financed from tax revenues, it can approximately be inter-
preted as increasing the food subsistence requirement since
f taxes may be regarded as allocated price-insensitive expen-
ditures. Note that the increase in food requirements 1is
set at only 1.5% per year.
Experiment 6 investigates the consequences of

including urban goods in the subsistence bundle., It is
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Table 6.9 Experiment No. 5

Growth in Subsistence Food Requirements

GFMIN1 = 0.015
(BASRUN) (0.0)

" EFFECT ON URBANIZATION

1951 1963 1972 1984
1. Level (% Urban) BASRUN 26.73 30.04 32.25 35.01
NEWRN 26.73 25.65 13.99 24.24
(3 Difference) 0 -14.63 -22.52 -30.77

2. Growth Rate of BASRUN - 0.98 0.90 0.82
Urbanization NEWRN - -0.34 -0.32 -0.30

(2 Difference) - -135 -136 -136
3. Growth Rate of BASRUN - 2.92 2.84 2.76
Urban Population NEWRN - 1.56 1.60 1.62

f " often argued that urban dwellers have minimum needs in terms
of urban intrastructure and housing such that they have a
higher proportion of allocated price-insensitive expenditures.
In Experiment 6, industrial and service subsistence require-
ments are set at 20 percent of the~food requirements. The
'forced' consumption of urban goods produces the predictable
shift of resources to the urban sectors and consequently a
substantial increase in GNP and per capita income in the

static case, i.e., in the initial period. GNP increases by

as much as 2 per cent. In this case, the results are in the
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Table 6.10 Experiment No. 5
Growth in Subsistence Food Requirements
GFMIN = 0.015
(BASRUN) (0.0)
BASRUN Year
‘ 1951 1951 1963 1972 1984
Variable Value
1. GNP Growth Rate BASRUN 915 - 3.54 3.61 3.69
(% per year) NEWRN 915 - 3.35  3.41 3.46
2. GNP Per Capita Growth  BASRUN 0.25 - 1.58 1.66 1.74
Rate (% per year) NEWRUN 0.25 - 1.417  1.46 1.51
3. Qutput Share Agriculture 57.4 0 4,94 8,22 12.33
(Actual Difference in  Industry 22.1 0 -1.55 =-2.47 -3.69
% Share) Services 20.5 0 -3.39 -5.75 -8.64
4, Labor Share Economy 58.8 0 -0.27 -0.48 -0.60
(ActuaT.Difference in  Agriculture 55.0 0 =-0.12 =-0.21 -0.30
% Share) Industry 60.7 0 1.20 1.75 2.07
g Percentage Changes
? 5. K/L Ratio Economy 0.92 0 -0.58 -1.88 -4.15
6. W/R Ratio Agriculture 2.19 0 13.55 20.68 26.85
7. Wages Agriculture 0.266 0 n.73 0.48 -0.47
8. K Rental Agriculture 0.121 0 -11.30 -16.74 -22.54
9. Terms of Trade Urban 89.6 0 -4.32 -6.36 -8.03
10.  Net Investment/GNP 5.9 0 -2.38 -3.31 -3.80
(Percent)
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analyzed in a similar manner.

35.0 per cent respectively:

starts from a higher base.

Table 6.11 Experiment No.

the effects tend to be attenuated over the long run.

a smaller difference.

6
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opposite direction from Experiments 3 and 5 and can be

The main difference is that

The level of urbanization increases to 31.3 percent
in the initial period as compared with 26.7 percent in the
BASRUN. In 1984, however, the levels are 37.1 per cent and
The

growth rate of urban population declines since it now

Include Urban Goods in Subsistence Bundle

1. Level (% Urban) BASRUN
NEWRN

(3 Difference)

2. Growth Rate of BASRUN
Urbanization NEWRN

(3 Difference)

; 3. Growth Rate of BASRUN
: Urban Population NEWRN

1951

26.73
31.26

16.95

FMIN (1)
FMIN (2)

FMIN (3)

EFFECT ON URBANIZATION

1963

30.04
33.66

12.03

0.1 (0.1)
0.02 (0.0)
0.02 (0.0)

(BASRUN)

1972 1984
32.25 35.01
35.21 37.08
9.18 5.90
0.90 0.82
0.57 0.52

-36.71 -36.87
2.84 2.76
2.49 2.44
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: TABLE 6.12 Experiment No. 6
Include Urban Goods in Subsistence Bundle
FMIN(1)= 0.1 FMIN(2) = FMIN(3) = 0.02
(BASRUN) (0.1) (0.0)
Year
BASRUN 1951 1963 1972 1984
. 1951
5 Variable value
i 1. GNP Growth Rate BASRUN 915 - 3.54 3.61 3.69
Q; (% per year) NEWRN 934 - 3.56 3.64 3.71
é 2. GNP Per Capita Growth  BASRUN 0.25 - 1.58 1.66 1.74
t Rate (% per year) NEWRN 0.26 - 1.61 1.69 1.76
; 3. Output Share Agriculture 57.4 -7.04 -5.87 -5.07 -3.91
] (Actual Difference Industry 22.1 5.46 4,57 4.00 3.14
] in % Share) Services 20.5 1.58 1.30 1.07 0.77
|
| 4, Labor Share Economy 58.8 0.21 0.10 =-0.12 -0.40
; (Actual Difference Industry 60.7 -1.35 -0.82 -0.58 -0.27
: in % Share) Services 68.5 -0.62 -0.36 -0.26 =0.17
f Percentage Changes
5. K/L Ratio Economy 0.92 0 1.04 1.42 1.79
6. W/R Ratio Agriculture 2.19 -13.35 -8.79 -6.08 -2.80
’ 7. MWages Agriculture 0.266 -1.18 -0.38 -0.01 0.33
8. K Rental Agriculture 0.121 14.05 9.23 6.46 3.22
9. Terms of Trade Urban 89.6 5.39 3.69 2.56 1.39
10.  Net Investment/GNP 5.9 3.56 1.97 0.91 -0.31

(Percent)
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The conclusion is a somewhat surprising one: the
provision-of some minimum level of urban goods and services
produces an increase in income levels as well as growth
rates along with a higher level of urbanization. Such pro-
visioﬁs should therefore not be assumed to be a drain on
the economy. It would be instructive to test this conclu-
sion with respect to the provision of specific services such
as water supply, sewerage, urban transport, etc. in an
expanded model.

The overall conclusion from the demand experiments
is that demand patterns matter and that changes which occur
along with increases in income and development can have
reinforcing effects that accelerate the development process.
These results are consistent with the findings of Relley,
et. al;(l972). Nutrition and food subsidy programmes can
have some surprisingly strong deleterious effects on growth
while the provision of urban goods and services as subsis-

tence goods may have beneficial effects.

6.4 Changes in Savings Behaviour

The level of savings and the rate of capital accumu-
lation are often regarded as the most important determinants
of the rate of economic growth. Indeed, one sector models
depend on capital accumulation as the sole source of economic

growth. Thus, it is instructive to investigate the effects
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é of different rates of saving and capital accumulation in a
general equilibrium context.

The BASRUN assumed an exogenous constant rate of
increase in the rate of savings over time. Such an assump-
tion can clearly not be sustained indefinitely and the model
would be improved, as mentioned earlier, if this increase

were behaviourally related so that it could then also be

attenuated over time. A family of experiments were conducted
by varying the initial rate of savings (i.e. SLAB, and
SCAPi) and by varying the growth rate in savings (GSLABi

and GSCAPi). Only two experiments are reported here as
representative of the sample. Experiment No. 7 reports the
effect of an increase in both savings rates to 18 percent,
i.e., 18 percent of all labour and capital income is saved

in all.sectors. Experiment No. 8 reports the effect of no

growth in the savings rates. The resulting rates of invest-

ment are shown below:

INVESTMENT AS PER CENT OF GNP

e e e e 4+ e e

Gross Net
1951 1984 1951 1984
1. BASRUN - 11.51 18.91 5.91 11.78
2. Experiment No. 7 18.03 27.96 12.44 17.81
(SLAB.=SCAP.=0.18)
i i
3. Experiment No. 8 11.50 11.72 5.91 6.12

(GSABi=GSCAPi=0.0)

i
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It is clear therefore that the rate of accumulation
is quite different in each of the 3 scenarios.

The most striking result is that a high or low
savings rate does not affect the rate of income growth
radically (See Tables 6.13 to 6.16) .
With the high savinés rates, the rate of growth of GNP in-
creases to only 4.05 percent per year as compared with 3.69
per cent in the BASRUN. With the low savings rate, the
decrease is only to 3.43 per cent. The reasons for these
surprisingly small effects on economic growth will be investi-

gated below in a growth accounting framework. To put this in

perspective, it should be recalled that the levels of savings

and investment in experiment No. 7 correspond well to the

levels.observed in rapid growth economies like Japan and
Korea.

Corresponding to the small changes in income
growth are similarly small effects on urbanization.
As shown in Table 6.13, the increased savings rates have a
static effect as well as a dynamic one. In the initial
period, the level of urbanization increases to almost 28%
as compared with 26.7% in the BASRUN. The rate of growth of
urbanization also increases but this is attenuated in later

years.

An increase in savings rates causes an increase in
the demand for capital, i.e., of the sector 2 good; resources

move to industry from the other 2 sectors. If there were

i
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only 2 sectors in the economy, all the shift would have been
from agriculture to industry or from the rural to urban re-
gions and the urbanization effect would be misleadingly strong.
Industry being the higher productivity sector, the effect on
the growth in income would also be stronger. These effects
are damped in DYNURB because of intra-urban adjustments
beéween services and industry, as should be expected.

The most dramatic effect in experiment No. 7 is on
the return to capital. K rental in 1984 is 40% less than
that in the BASRUN. It is this result which really explains
the small effect on income growth and suggests that such an
increase in savings rates simply would not occur with the

return to capital declining as drastically. The results

would be different in an open economy where capital accumula-

tion occurred as a result of foreign transfers which did not

dampen domestic demand, i.e., where domestic savings were

not financing investment, as did happen in the early stages
of the Korean growth miracle. The effects of such growth

on technical change can arrest the decline in capital rentals
and ultimately make the growth self-sustaining.

Experiment No. 7 may be regarded as simulating a
forced saving autarky policy. It shows that the effective-
ness of such a policy can be quite limited in scope. The
decline in K rentals is a clear indication of excessive in-
vestment and consequently a serious misallocation of resources.

Lest this conclusion be taken too far, the possibility of
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Table 6.13 Experiment No. 7

Increase in Savings Ratel

SLABi = 0.18 SCAPi = 0.18

EFFECT ON URBANIZATION

1951 1963 1972 1984
1. Level (% Urban) BASRUN 26.73 30.04 32.25 35.01
NEWRN 27.94 31.76 34.22 36.98
(3 Difference) 4.53 5.73 6.10  5.63
2. Growth Rate of BASRUN - 0.98 0.90 0.82
Urbanization NEWRN - 1.07 0.97 0.85
(% Difference) 9.77 7.96 3.88
3. Growth Rate of BASRUN - 2.92 2.84 2.76
Urban Population NEWRUN - 3.03 2.91 2.79

Note 1: BASRUN SLAB (1) SCAP (1) 0.10 (Rural)

0.14 (Urban)
0.14 (Urban)

SLAB(2)
SLAB(3)

SCAP (2)
SCAP (3)

o
[T |

manufacturing capital goods themselves or other industrial
goods for export should be admitted. A country could be
investing in the areas of dynamic comparative advantage.

In the latter case, the fruits of forced saving and autarky
would éppear in the long run. The results of experiment
No. 7 do, however, highlight the difficulties of forcing a
high growth rate through high rates of capital accumulation

in a largely closed economy.
i

i
h:—m.
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TABLE 6.14 Experiment No. 7
Increase in Savings Ratel
SLAB, = SCAP. = 0.18
1 1
: BASRUN 1951 1963 1972 1984
é Variabl 1951
ariable Value Year
1. GNP Growth Rate BASRUN 915 - 3.54 3.61 3.69
(% per year) NEWRN 922 - 4.12 4,09 4.05
é 2. GNP Per Capita Growth  BASRUN 0.25 - 1.58 1.66 1.74
Rate (% per year) NEWRUN n.25 - 2.14 2.12 2.09
3. Qutput Share Agriculture 57.4 -2.94 -5.50 -6.38 -6.51
(Actual Difference Industry 22.1 4,12 7.19 8.35 9.41
in % Share) Services 20.5 -2.18 -1.69 -1.97 =-2.90
4. Labor Share Economy 58.8 -0.09 0.27 -0.14 -0.61
i (Actual Difference Agriculture 55.0 0.08 -0.37 -0.72 -0.90
in % Share) Industry 60.7 -0.37 3.31 4,49 5,06
Services 68.5  ~-0.17 1.58 2.04 2.32
Percentage Changes
5. K/L Ratio Economy 0.92 0 38.51 56.54 68.61
6. UW/R Ratio Agriculture 2.19 -4.13 42.25 65.12 82.35
7. MWages Agriculture 0.266 =~0.37 6.59 8.79 9.83
8. K Rental Agriculture 0.121 3.92 -25.07 -34.12 -39.77
9. Terms of Trade Urban 89.6 1.49 -6.30 -8.22 =8.41
10. Net Investment/GNP 5.9 110.63 74.80 61.03 .51.12

(Percent)

Note: (1) See Note (1) in Table 6.13
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Table 6.15 Experiment No, 8

No Growth in Savings Rate

GSLABi = GSCAPi = 0.0

(BASRUN) (0.015)

EFFECT ON URBANIZATION

1951 1963 1972 1984

1. Level (% Urban) BASRUN 26.73 30.04 32.25  35.01
f NEWRN 26.73 29.61 31.51 33.67
(3 Difference) 0 -1.43 -2.32 -3.86

j 2. Growth Rate of BASRUN - 0.98 0.90 0.82
- Urbanization NEWRN - 0.86 0.79 0.70
(3 Difference) -12.39 -12.55 -14.56

3. Growth Rate of BASRUN - 2.92 2.84 2.76
Urban Population NEWRN - 2.81 2.73 2.64

Experiment No. 8 shows the other side of the coin. With
no growth in the savings rate, urbanization does slow down
and reaches a level of 33.7 per cent in 1984 but this is not
very different from 35 per cent in the BASRUN. Unlike the
high saving ratée situation where the urbanization level
slowly converged to the BASRUN, here the difference
appears to widen over time. The results of this
experiment are exactly converse of the high savings case and
therefore need not be discussed any further. One result,

however, deserves comment. As pointed out in the last chapter,

r
8

E
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TABLE 6.16 -

Experiment No. 8

No Growth in Savings Rate

GNP Growth Rate

(% per year)

GNP Per Capita Growth
Rate (% per Year)

Output Share
(Actual Difference
in % Share)

Labor Share
(Actual Difference in
% Share)

Percentage Changes

5.

6.

7.

8.

9.

10.

E
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K/L Ratio
W/R Ratio
Wages

K Rental

Terms of Trade

Net Investment/GNP

(Percent)

BASRUN
NEWRN

BASRUN
NEWRUN

Agriculture
Industry
Services

Economy
Agriculture
Industry
Services

Economy

Agriculture

.Agriculture

Agriculture

Urban
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GSLABi GSCAPi = 0,0
(BASRUN) (0.015)
BASRUN 1951 1963 1972 1984
1957 »
Value
915 - 3.5 3.61 3.69
915 - 3.2  3.42  3.43
0.25 - 1.58  1.66 1.74
0025 - ].46 1047 ]-48
57.4 0 1.29 2.67 4.90
22.1 0 -2.04 -4.05 -7.14
20.5 0 0.75 1.38 2.24
58.8 0 0.00 -0.09 0.08
55.0 0 0.13 0.23 0.56
60.7 0 -0.52 -1.75 =3.75
68.5 0 -0.20 -0.81 -1.73
0.92 0 -5.79 =-15.70 -31.62
2.19 0 -5.73 -17.13 =33.91
0.266 0 -1.13 =-3.36 -6.81
0.121 0  4.88 16.61 41.00
89.6 0  1.16  3.62 7.67
5.9 0 -25.40 -37.05 -48.08
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it is somewhat puzzling to observe a continued decline over
time of K rentals in the BASRUN. The level of rentals per
augmented unit of capital in 1984 in this (no savings growth)
simulation is 7% above that in 1951. It may therefore imply

o that increases in savings rates as observed in the Indian

£ economy and simulated in the BASRUN include some elements of
forced savings. If this is the case and if the government

: is responsible for it, e.g., by mobilizing resources through
4 taxes, etc, then the difference in the two growth rates
(between Experiment No. 8 and the BASRUN) is one measure of

the contribution of organized governmental efforts toward

development.

Sources of Growth in the Economy

Kelley, et.al. (1972) have discussed the problems
associated with the standard growth accounting methodology which
?, assumes the existence of a Cobb-Douglas production function
and therefore assumes constant factor shares. In DYNURB,
as shown in the last chapter, growth accounting is "true"
in the sense that there is no unexplained residual and that
all the sources are accounted for. It is therefore instruc-
tive to compare the sources of growth in each of the three
cases: BASRUN, higher savings rate (Experiment 7) and no
savings growth rate (Experiment 8), to understand better

the observed small effects on growth.

|
|
%
f
|

.
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SOURCES OF GROWTH: 1951 to 1984

Growth | Contribution to Growth From
Rate Technical Change in
of GNP| Agric.|Indus.|[Serv.| Labour Capital

1 2 3 4 5 6
1. BASRUN / 3.69 0.70 0.45 0.29 1.14 0.84
2. Experiment 7 4.05 0.59 0.59 0.26 1.12 1.04
[ (High Savings) .
- 3. Experiment 8 3.43 0.79 0.35 0.32 1.14 0.67

(Low Savings)

Note: Column 1 is not the sum of Columns 2,3,4,5,6
because the contribution to growth by land aug-
mentation is not included.

The table above shows that the growth in capital
contributes only 0.84% of 3.69% per year growtii in GNP in the BASRUN. Thus

changes in rates of capital accumulation can only affect that

' component of total growth and even drastic changes in invest-
ment will be limited in effectiveness. Note that the overall

contribution of technical change remains roughly the same

although its sectoral combination changes owing to changes in
overall sector share in output. This, again, is a shortcom-
ing of DYNURB in that the. rates of factor augmentation are
exogenously specified. Their contribution to growth does
change as factor shares change (see Section 4.26) but they
are not sensitive to changes in investment rates. If the

X rentals did not decline, increased capital accumulation

would also mean increased contribution to growth from capital
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augmentation. This effect is largely neutralized

because of the decline in K rentals. A better model of

SRR g b

technical change would have a production function of tech-
nical qhange (Ch. 2, Section 2.34). A higher rate of

capital accumulation could then be expected to produce higher
rates of technical change or factor augmentation. Research
activities, education, etc. require investment so declines

in overall investment rates should produce effects in these
activities as well. Note that the problem here is not one

of embodiment. It has often been argued that growth account-
ing exercises neglect embodiment of technical change in
capital and thereby understate the importance of capital
accumulation in the growth process. Here technical change
is embodied in new capital through the concept of factor
augmentation but its effects are damped because of the decline
in K rentals and therefore of the total capital share. The argu-
ment here is that this embodiment would itself be related to
the rate of capital accumulation so that lower investment
rates would be accompanied by lower rates of factor augmenta-
tion and vice versa. Thus, DYNURB does understate the effects
of changes in savings rates. It should, however, be empha-
sized that these effects would also be limited in scope and
it is reasonable to estimate that the error in change of
growth rates is not much more than 100%. Even then, the GNP
growth rate would be about 4.5% with the high savings rates
and about 3.0% with the low savings rate. The range is still

not large.
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a finding

This set of experiments confirms
of Kelleyet. al. (1972): that a dramatic growth in rates
of savings is not necessary for sustained economic growth.

Experiment 8 demonstrates this. Once again, a word of

caution is necessary. This does not negate the importance
of a jump from 5 per cent to 10-15 per cent gross saving
rate which is the kind of jump that has traditionally been

: discussed (e.g., Lewis (1954)). The sources of growth exer-
cise shows the importance of technical change in determining

e the efficacy of changes in savings. 1Indeed, if technical

change is completely exogenous [GBi] , €.g9., freely imported,
increase in capital would not necessarily lead to a decline

in K rentals and thus lead to increases in capital share.

The process would then be an accelerating one of growth and

j urbanization. Higher urbanization would also lead to smaller

‘ population gréwth rates and higher rates of labour augmenta-

% tion resulting in very high growth rates of per capita income.
The Korean and Japanese phenomena would probably be explained
in this way. The above analysis tends to argue against pro-
ponents of unbalanced growth. High rates of capital accumu-
lation unaccompanied by other changes do not have major effects

! in a generalequilibrium setting.
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6.5 Wage Equalization

DYNﬁRB has assumed inequality of wages between the
urban and rural sectors to simulate reality. The wage
differential assumed is 1.7, i.e., 62 = 63 = 1.7, with
61 = 1.0; the urban efficiency wage is 1.7 times the rural
efficiency wage. This difference is not due to skill dif-
ferences since the latter are simulated by differences in
augmentation rates. This difference can be seen as a market
imperfection or as a reflection of different costs of
living between urban and rural areas -- pecuniary or psychic.
A set of experiments was conducted to investigate the effects
of different degrees of urban/rural friction. Experiment
No. 9 reports the consequences of efficiency wage equaliza-

tion. .The results of an increase in friction were in a

direction opposite to those reported here. Experiments

A were also done with intermediate degrees of friction, i.e.,
! 1.0<82 = 83 < 1.7 and the results were generally in the
; same direction.

Equalizing wages appears to increase GNP, and
% therefore per capita income in the static case, but the
growth rate declines. Thus, in 1984, GNP is less than that
in the BASRUN. (See Tables 6.17 and 6.18). This is a
curious result and the reasons are not intuitively clear.

The first result of wage equalization is that the

level of urbanization in the initial period increases
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Table 6.17 Experiment No. 9

Wage Equlization: 81 = 62 = 83 = 1.0

(BASRUN: 62 = 63 =1.7)

EFFECT ON URBANIZATION

3 1951 1963 1972 1984
1 1. Level (% Urban) BASRUN  26.73  30.04  32.25 35.01
! NEWRN 31.23 34.98 37.51  40.39
? (3 Difference) 16.84  16.42  16.31 15.35
]
] 2. Growth Rate of BASRUN - 0.98 0.90  0.82
? Urbanization NEWRN - 0.95 0.88 0.78
§ (¢ Difference) -3.12  -2.47 -4.78
3. Growth Rate of BASRUN - 2.92 2.84 2.76
Urban Population NEWRN - 2.89 2.81 2.71

significantly from 26.7% in the BASRUN to 31.7%. Thus wages
: decrease in urban areas and increase in rural areas. The
K/L ratio therefore decreases in urban areas as labour is

E substituted for capital and the converse happens in rural

| areas. The overall K/L ratio is, of course, the same in

the initial period, but increases in later periods. The

reason is that the higher elasticity of substitution in
agriculture overcompensates for the declining X/L ratio

in urban areas. Although the wage increases in agriculture,
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2 Wage Equalization

Ch

:ez

€3
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= 1.0

(BASRUN HE 2=9 3=l.7)

8 BASRUN 1951 1963 1972 1984
: 1951
i Value

1. GNP Growth Rate BASRUN 915 - 3.54 3.61 3.69

(% per year) NEWRN 930 - 3.51  3.57 3.62

. 2. GNP Per Capita Growth BASRUN 0.25 - 1.58 1.66 1.74

Rate (% per year) NEWRN 0.26 - 1.55  1.61 1.67

3, Qutput Share Agriculture 57.4 4.23 3.74  3.32 3.18

(Actual Difference Industry 22.1 -0.89 -0.74 -0.51 -0.60

in % Share) Services 20.5 -3.33 -3.00 -2.82 -2.58

4, Labor Share Economy 58.8 -1.50 -1.60 -1.94 -2.28

; (Actual Difference in Agriculture 55.0 -0.26 -0.36 -0.50 =0.50

% Share) Industry 60.7  -3.03 -2.02 -1.68 -1.42

& Services 68.5 -1.40 -0.85 -0.81 -0.64

Percentage Changes

5. K/L Ratio Eccncmy 0.92 0 7.71 10.43 11.34

6. W/R Ratio Agriculture 2.19 23.96 37.38 42.C2 44.€2

7. lages Agricultire 0.266 18.17 20.04 20.31 20.10

8. K Rentel Agriculture 0.121 -4.67 -12.,62 -15.2% -16.9¢

9. Terms cf Trade Urten 9.6 -24.84 -Z£.18 -2€.38 -2€.07

10. MNet Irvestment/GNP 5.9 8.18 0.92 =3.53

(Percert)

Eé

-1.87
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the labour share declines marginally as it does in the other

two sectoré and overall. The removal of one aspect of

urban/rural duality has rather interesting implications.
There is a higher measure of equality in the economy

petween urban and rural incomes. Although each labourer in

agriculture gains, the losses of urban labourers more than
offset their gains, resulting in a net loss to labour and
gain to capital owners. In an economy with a high propor-
L tion of self-employed as this one, the net effect on income
distribution remains unclear. The removal of urban/rural

wage disparities, except those related to skill, slows down

* the rate of urbanization and increases the share of agricul-
ture in output. Capital is also distributed towards agri-
culture and to the extent that capital owners are based in
their own sectors, distribution is improved. With a shift

in output from the urban to rural region -- even though now

more labour is based in the urban sector -- eventually the
investment rate falls (since urban savers save more than
rural ones). Note that the service sector loses more than
the industry sector in the shift to agriculture.

The policy that can be identified with this experi-
ment is the removal of urban minimum wage laws. The decline
in the share of the service sector can be seen as a decline
in the share of government and, perhaps, in the provision of

urban public services. Stretching this illustration further,
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this experiment sheds light on the popular tendency of
governmenté and urban people to discourage the influx of
rural migrants into urban areas. The following scenario

can be likened to this experiment: All minimum wage laws

are removed. Urban wages decline in response to the arriving
stream of rural migrants. The city becomes a collection of
shanty towns. The lowering of average urban income reduces
the demand for expensive consumer goods and urban type ser-
vices. The departure of a significant proportion of rural

= people pushes up wages in rural areas until equilibrium is
reached between urban and rural areas and incentives develop
to substitute capital for labour. The reduced demand for
urban goods also increases.capital, which can go to the rural

area. In such a scenario, the rural labourers are clearly

; better off as well as the migrants. Correspondingly, urban

labour is worse off and the change in net welfare is ambiguous. Rural

people gain even more if they own all the capital that moves

to their area. It is then not surprising that people, govern-

ments, planners, see massive rural-urban migration as a

g threat -- though the problem is seldom stated in this manner.
Once this kind of equilibrium is achieved -- this

would take a long time, unlike the instantaneous adjustment

in the initial period in DYNURB -- the pace of urbanization

would slow down as in Experiment 9. This also gives a clue as

to why urbanization increases at exponential rates in the
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middle stages of development and then slows down later
achieving én overall logistic pattern. As the duality in
wages declines with increasing urbanization and rural-urban
migration, the incentives to migrate slow down and factor
proportions start reversing.

This experiment is another example of the general
equilibrium system working in intuitively unexpected ways
E: but then giving results which can ultimately be rationalized
The kind of analysis offered above would also not be possible
in a much larger model where chains of events become difficult

to trace.

6.6 Increase in Transport Costs

! One of the innovations attempted in DYNURB was the

| introduction of spatial friction between urban and rural
areas through the introduction of transport costs. The
method used was somewhat curious though simple. The

attempt is essentially to simulate costs in-

? curred in transportation between urban and rural areas. In

a general equilibrium system, if costs are incurred, they

have to accrue to someone as income. Hence costs are in-

curred on something which is produced and which uses resources

in being produced. There have to be demand as well as

supply effects.
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The simple method used is to regard transport as an
intermediate good produced by the industrial sector. It
is demanded wherever goods move between urban and rural
areas. Factors do not use transport in movement in DYNURB.
Thus it is demanded in the inter-region movement of inter-
mediate goods as weil as consumer goods. Consumer
goods cost more in the region other than the region of pro-
duction. The coefficient of transportation AT used is
the proportional increase in price between regions and
quantity of transportation used is the product of the amount
of good being transported and AT .

The value of AT used in the BASRUN 1is 0.005,
i.e., half a per cent. This number was derived from Indian
input-qutput tables and corresponds roughly with the coeffi-
cient for transportation. Various experiments were conducted

and Experiment No. 10 reported here is the most extreme. AT

is increased ten-~fold to equal 0.05, i.e., 5 per cent. The
surprising result is that nothing much happens! The inclu-

sion of AT = 0.005 in the BASRUN makes almost no differ-

I ence: the results would be almost identical if AT was
completely excluded. The results of increasing AT to 0.05
b are perceptible and are shown in Tables 6.19 and 6.20. Two
| conclusions can be reached from this 'non-result'.

Either

i) costs of transportation are unimportant in the
growth of an economy and its spatial configuration,
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or

ii) .The modelling of transportation used in
DYNURB is inadequate and too simplistic.

The difficulty with (i) is that it seems implausible

and that with (ii) is that alternatives are difficult to

design. Increasing AT ten-fold encompasses any feasible

B e TEE T T Dy SIe

transport costs that are incurred in goods movement. Thus

an effect greater than the one observed would have been
expected. The mafginal effects shown in Table 6.19, 6.20

are easily explained: The added cost of goods outside their
i own region reduces their demand. Thus industy and service
goods suffer net losses because of the much larger size of
the rural region. Balancing this loss is the increased de-
mand for transport, i.e., industrial goods, so there 1is |

almost no change in the share of the industry sector. The net

result observed isadecline in the service sector share and increase
in agriculture. These changes are, however, negligible as
? is the change in urbanization.
The shortcomings in the modelling of transport in
DYNURB are essentially
(i) Movement of féctors, especially people, should

also use transport. Increased costs would then

? have a greater effect.

(ii) There should be provision for variation over time,
i.e., AT should be time dependent. The effect of
increasing or decreasing transport costs on urbani-
zation could then be investigated.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



250

Table 6.19 Experiment No. 10

Increase in Transport Costs

AT = 0.05
(BASRUN) (0.005)

- EFFECT ON URBANIZATION

3 1951 1963 1972 1984
1. Level (% Urban) BASRUN 26.73 30.04 32.25 35.01
NEWRN 26.96 30.18 32.44 35.03
(¢ Difference) 0.86 0.46 0.56 0.05
2. Growth Rate of BASRUN - 0.98 0.90 0.82
: Urbanization NEWRN - 0.94 0.88 0.80
; (¢ Difference) -3.48 -1.59 -3.00
[ 3. Growth Rate of BASRUN - 2.92 2.84 2.76
| NEWRN - 2.38 2.82 2.73

The correct conclusion from the transport experiments
is probably somewhere petween conclusions (i) and (ii). 1It
can certainly be better modelled -- particularly in the con-
text of a better specified demographic-migration model.

; But the results are not likely to show transportation costs

as a significant factor in urbanization and growth experiences.

i s
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TABLE 6.20 Experiment No. 10
;ﬁ " Increase in Transport Costs
AT = 0.05
(BASRUN) (0.005)
Year
BASRUN 1951 1963 1972 1984
. 1951
Variable Value
1. GNP-Growth Rate BASRUN 915 - 3.56  3.61 3.69
(% per year) NEWRN - 897 - 3.52 3.60 3.68
2. GNP Per Capita Growth  BASRUNM 0.25 - 1.58 1.66 1.74
Rate (% per Year) NEV/RUN 0.25 - 1.57 1.65 1.73
3. OQutput Share Agriculture 57.4 0.31 0.41 0.26 0.35
(Actual Difference Industry 22.1 0.03 -0.14 0.01 -0.04
in % Share) Services 20,5 -0.34 -0.27 -0.27 =-0.31
4. Labor Share Economy 58.8 0.91 0.9 0.90 0.89
(Actual Difference in  Agriculture 55.0 0.06 0.03 0.01 =-0.01
% Share) Industry 60.7 -0.04 -0.12 -N,17 -0.16
Services 68.5 ~0.01 -0.06 -0.12 -0.11
Percentage Changes
5. K/L Ratio Economy 0.92 0 -0.77 =-1.14 -1.28
6. W/R Ratio Agriculture 2.19 =0.79 -1.38 -1.91 -1.56
7. MWages Agriculture 0.266 -0.60 -0.62 -0.79 -0.73
8. K Rental AgriCU]ture 0'12] 0.19 0.66 1.14 0.85
9. Terms of Trade Urban 89.6 1.03  1.11 1.19  1.05
10. Net Investment/GNP 5.9 0.63 1.24 1.52 1.49
(Percent)
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6.7 Appropriate Technology: The Relevance of the
Elasticity of Substitution

There is a widespread belief that the technology
used in urban areas in LDCs is, in some sense, inappropriate.
It is argued that the factor proportions used do not reflect
prevailing factor prices well: in particular, industry is
'too capital intensive.' A large amoung of literature has
developed on the question of 'employment generation.' It
is argued that the use of appropriate technology would make
processes more labour intensive and therefore help in solv-
ing the problem of urban unemployment. As argued in Chapter
4 (Section 4.21), the question of appropriate technology is
really a debate on the existing value of the elasticity of
substitution. If the value is unify, there is then little
justification in the argument that factor proportions do not
respond to changes in factor prices. Thus a set of experi-
ments was done with different elasticities of substitution

to
(a) shed light on this issue

(b) to test the sensitivity of DYNURB to
different parameter assumptions.

The latter is important to do because the magnitudes of
the elasticities of substitution used in the BASRUN were

all guesstimates.

A number of experiments were conducted with different

elasticities of substitution for each sector. Only three
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are reported here:

(i) Eﬁperiment 11 with the elasticity reduced
in industry

(ii) Experiment 12 with the elasticity set at
unity in agriculture

(iii) Experiment 13 with the elasticity set at
unity in all sectors, i.e., all production
functions are Cobb-Douglas.
The results are reported in Tables 6.21 to 6.26. In con-
ducting each of these experiments, the scaling parameter in
the production functions, Bi , 1is adjusted to equate
initial period production levels to the initial conditions.
Static effects are therefore reduced.

One general result from these experiments is that
the economy gains in efficiency the nearer each elasticity
is to ﬁnity. The GNP growth rate increases as each elasti-
city moves toward unity. This is not surprising since
factors are then being substituted faster in response to
changes in factor prices. Employment generation effects
are, however, somewhat surprising. Urbanization increases
with reductions in the elasticity of substitution in the two
urban sectors. Table 6.21 (Experiment 11) shows this for
o, = 0.5 for illustration. The causation for this is
somewhat difficult to trace in the general equilibrium
system. The K/L ratio decreases in the industry sector
while it increases (in comparison with the BASRUN) in ser-

vices and agriculture. Industry releases some capital, but
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Table 6.21 Experiment No. 11

Reduced Elasticity of Substitution in Industry

o, = 0.5
(BASRUN) (0.6)

EFFECT ON URBANIZATION

1951 1963 1972 1984

Level (% Urban) BASRUN 26.73 30.04 32.25 35.01
NEWRN 27.16 30.60 32.90 35.86

(¢ Difference) 1.63 1.87 2.01 2.41
Growth Rate of BASRUN - 0.98 0.90 0.82
Urbanization NEWRN - 1.00 0.92 0.84
($ Difference) 2.06 2.04 2.88
Growth Rate of BASRUN - 2.92 2.84 2.76
Urban Population NEWRN - 2.94 2.86 2.78

employs more labour. One intuitive way of explaining this

result is that with a low elasticity of substitution, more

labour is needed to be combined with the capital to pro-

duce the same output. The rural/urban effect is mitigated by

compensating changes in the service sector. Otherwise,

the urbanization effect would be even stronger. This result

once again demonstrates the value of modelling a general

equilibrium system where a change in one part of the system

is balanced by compensating changes in another part. When

g

1

(agriculture) is reduced to 1.1, the labour using bias
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TABLE 6.22 Experiment No. 11
: Reduced Elasticity of Substitution in_Industry
o2 = 0.5
(BASRUN) (0.06)
Year _
BASRUN 1951 1963 1972 1984
1951
Variable Value
. 1. GNP Growth Rate BASRUN 915 - 3.54  3.61 3.69
’ (% per year) NEWRN 917 - 3,52  3.60 3.67
2. GNP Per Capita Growth  BASRUN 0.25 - 1.58 1.66. 1.74
Rate (% per Year) NEV/RUN 0.25 - 1.58 1.64 1.72
3. Output Share Agriculture 57.4 0.10 0.11 -.18  0.37
(Actual Difference Industry 22.1 -0.02 -0.14 -0.14 -0.43
in % Share) Services 20.5 -0.08 0.03 -0.04 0.06
4. Labor Share Economy 58.8 0.60 0.80 0.89 1.12
(Actual Difference in  Agriculture 55.0 =~0.09 -0.04 -0.07 -0.11
% Share) Industry 60.7 3.96 4.35 4.73 5.23
| Services
é Percentage Changes
: 5. K/L Ratio Economy 0.92 0 0.47 0.24 -0.26
] 6. W/R Ratio Agriculture 2.19 4,58 5.76 6.18 6.71
7. Wages Agriculture 0.266 0.96 1.11 0.96 0.78
8. K Rental Agriculture 0.121 -3.46 -4.40 -4.,91 -5.56
9. Terms of Trade Urban 89.6 -1.07 -0.90 -0.57 0.14
10. Net Investment/GNP 5.9  0.49 -0.03 =0.29 -0.46
(Percent)
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in agriculture is reduced and labour is released to go

; to the urban sector resulting in higher urbanization. A
higher GNP growth rate 1is also achieved. Thus, making
agriculture more efficient and increasing GNP growth simul-
taneouély produces pressure on the urban labour market.
This effect is demonstrated better by Experiment 12 (Tables
6.23, 6.24), where gy = l.Q , l.e., the agricultural pro-
duction function is Cobb-Douglas. The improvement in GNP
growth rate is quite significant, as is the growth in
urbanization. The net investment/GNP ratio also increases
without any change in savings parameters. This experiment
demonstrates that too high an elasticity of substitution
like the assumed 0y = 1.2 can have very significant
deleterious effects on growth, even though it signifies

labour-using technology.

Finally, Experiment 13 shows the effects of what
might be characterized as appfopriate technology. The
assumption of ail Cobb-Douglas production functions amounts
to a technology which responds to changes in factor prices
perfectly. The experiments cited above show that any other
elasticities induce efficiency losses. The striking result
in Table 6.26 is that it is not too different from Table
6.24, which had Cobb-Douglas technology in agriculture only.
The main difference is that K rentals are increased, which
implies that capital is being used more efficiently. Note

that labour share declines significantly in the urban sector

S
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Agricultural Production Function:

257

Cobb-Douglas

ol = 1.0

(BASRUN) (1.2)

EFFECT ON URBANIZATION

1951
1. Level (% Urban) BASRUN 26.73
NEWRN 26.72
(¢ Difference) -0.05
2. Growth Rate of BASRUN -
Urbanization NEWRN -
(3 Difference)
3. Growth Rate of BASRUN -

Urban Population NEWRN -

1963

30.04
31.42

0.98
1.36

39.04

1972 1984
32.25 35.01
34.49 37.92
6.93 8.32
0.90 0.82
1.22 1.07
36.12 29.96
2.84 2.76
3.17 3.01

by the end of the simulation period.

higher efficiency and income growth was accompanied by

labour absorption.

therefore:

substitution matters. However

The conclusions from this set of experiments are

i) The choice of technique or elasticity of
» the effects of

choices within a reasonable range do not appear
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This result is some-~

what reminiscent of the wage equalization experiment where

income losses to urban labour and a higher rate of urban
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TABLE 6.24 Experiment No. 12
§  - Agricultural Production Function : Cobb Douglas
: o 1.0
(BASRUN}- (1.2)
Year .
BASRUN 1951 1963 1972 1984
1951
Variable Value
) 1. GNP Growth Rate BASRUN 915 - 354 3.61 3.69
(% per year) NEWRN 915 - - 3,83 3.89 3.95
2. GNP Per Capita Growth BASRUN 0.25 - 1.58  1.66 1.74
Rate (% per Year) NEWRUN 0.25 - 1.85 1.93  1.99
3. OQutput Share Agriculture 57.4 0.01 -0.23 -0.28 0.06
(Actual Difference Industry 22.1 -0.02 -0.07 -0.03 -0.15
in % Share) Services 20.5 0.01 0.30 0.31 0.08
4. Labor Share Economy 58.8 0.01 0.35 0.89 2.01
(Actual Difference in  Agriculture 55.0 0.01 0.20 0.42 0.91
% Share) Industry 60.7 0.01 -0.24 -0.23 0.10
Services 68.5 -0.01 -0.12 -0.16 =0.01
§ Percentage Changes
5. K/L Ratio Economy 0,92 0 0.56 1.76 4.11
% 6. W/R Ratio Agriculture 2.19 0.12 -2.68 -2.40 1.04
; 7. Yages Agriculture 0.266 0.02 2.86 5.59 9.93
8. K Rental Agriculture 0.121 -0.10 5.69 8.19 8.80
9. Terms of Trade Urban 89.6 -0.03 4.89 8.03 11.48
10. Net Investment/GNP 5.9 -0.01 1.79 2.89 4.31

(Percent)

| Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 259
3 Table 6.25  Experiment No. 13
] All Production Functions: Cobb-Douglas
o) = 1.0 0, = 1.0 03 = 1.0
(BASRUN) (1.2) (0.6) (0.8)
EFFECT ON URBANIZATION
1951 1963 1972 1984
1. Level (% Urban) BASRUN 26.73 30.04 32.25 35.01
NEWRN 26.74 31.20 33.82 36.53
| (3 Difference) 0.04  3.85 4.87 4.35
2. Growth Rate of BASRUN - 0.98 0.90 0.82
Urbanization NEWRN - 1.29 1.13 0.95
(¢ Difference) 32.24 25.22 15.69
3. Growth Rate of BASRUN - 2.92 2.84 2.76
Urban Population NEWRN - 3.25 3.07 2.89
to be significant enough to warrant the

large amount of literature devoted to the labour

absorption issue.

ii) Efficiency losses do occur the further o is
from unity. "Smooth" production functions induce

; efficiency.

iii) The choice of appropriate technology is associated
with significant efficiency gains but not neces-
sarily with employment generation. Indeed, low
elasticities of substitution may be generating

higher employment as well as wages. Capital owners
%v may gain relatively more as a result of better
utilization of capital!

by L.
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TABLE 6.26 Experiment No. 13
AU Production Functions : Cobb Douglas
o7 =1.0 05 =1.0 o03=1.0
(1.2) (0.6) (0.8)
Year
BASRUN 1951 1963 1972 1984
Variable 1951
Value
] 1. GNP Growth Rate BASRUN 915 - 3.5 3.61 3.69
' (% per year) NEWRN 925 - 3.82 3.88 3.95
2. GNP Per Capita Growth  BASRUN 0.25 - 1.58 1.66' 1.74
Rate (% per Year) NEWRUN 0.26 - 1.86 1.92 1.99
3. Output Share Agriculture 57.4 -0.02 -0.17 -0.07 0.27
(Actual Difference Industry 22,1 0.03 -0.10 -0.13 -0.22
in % Share) Services 20.5 -0,00 0.28 0.21 -=0.05
4, Labor Share Economy 58.8 0.19 0.27 0.21 0.13
(Actual Difference in  Agriculture 55.0 0.04 0.23 0.44 0.90
% Share) Industry 60.7 ~0.66 =-2.00 =-3.93 =7.09
Services 68.5 1.49 0.91 -0.04 -1.46
Percentage Changes
5. K/L Ratio Economy 0.92 0 1.1 2.33 4.66
6. 4/R Ratio Agriculture 2.19 2,17 -2.00 -5,51 -9,58
7. MWages Agriculture 0.266 1.41 4.02 5.96 8,93
8. K Rental Agriculture 0.121 -0.74 6.13 12.15 20.48
9. Terms of Trade Urban 89.6 -2.61 2.38 5.93 9.74
10. Net Investment/GNP 5.9 0.69 1.91 3.39 4.65
(Percent)

i‘.}- by,
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6.8 Factor Augmentation, Bias and Technical Change

Technical change is rather carefully specified in
DYNURB. The magnitudes of factor augmentation chosen affect
the bias of technical change in each sector (see Section 4.26).
The question to be investigated is the importance of the bias
and of the magnitudes of factor augmentation in the context
of structural change in a growing economy. A number of ex-
periments were conducted exploring a wide range of factor
augmenting possibilities in each sector. Only three of the

experiments are reported here:

(1) The effect of no exogeneous, unexplained

"manna from heaven" type technical change

in agriculture, i.e., GB1==0 .
(2) The effect of no factor augmentation.
(3) The effect of reversing the bias of

technical change in every sector.
} Ideally, it would be preferable not to rely on
"unexplained" technical change for growth in the economy.
As explained in section 4.26, however, any reasonable rates
of factor augmentation do not produce the observe rate of
technical change in agriculture. It was also suggested that
positing such neutral change (GBi) is, perhaps, appropriate
for green revolution or seed improvement type phenomena in
agriculture. Experiment 14 shows the effects of the absence

of such a change. As shown in Table 6.27, the rate of ur-

banization decreases dramatically and reduces over time.

h@-&m
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Table 6.27 Experiment No. 14

No Neutral Technical Change in Agriculture

Level (% Urban)

(% Difference)

Growth Rate of

Urbanization

($ Difference)

Growth Rate of

Urban Population

BASRUN
NEWRN

BASRUN
NEWRN

BASRUN
NEWRN

GB(1l)
(BASRUN)

~EFFECT ON URBANIZATION

1951

26.73
26.73

0.0
(0.1)

30.04
27.66

~7.94

1972

32.25
28.23

-12.47

:h:rr}?w‘-‘r.,

This experiment captures well the effect of stagnation in

agriculture.

ment are proceeding as normal.
technical change in the form of factor augmentation in every

sector. As shown below,

equally in each sector:

It should be recalled that savings and invest-

In addition, there is

the growth rate suffers almost
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TABLE 6.28 Experiment No. 14
No Neutral Technical Change in Agriculture
GB(l) = 0.0
(BASRUN) = (0.01)
Year
BASRUN 1951 1963 1972 1984
b1 1951 :
Variable Value

1. GNP Growth Rate BASRUN 915 - 3.54 3.6 3.69
(% per year) NEWRN 915 . - 3.04 3.11  3.19

2. GNP Per Capita Growth BASRUN 0.25 - 1.58 1.66 1.74
Rate (% per Year) NEWRUN 0.25 - 1.11 1.18  1.25

3. Output Share Agriculture 57.4 0 0.57 0.77 1.02
(Actual Difference Industry 22.1 0 -0.09 0.02 -0.03

in % Share) Services 20.5 0 -0.48 -0.79 -0.98

4, labor Share Economy 58.8 0 -0.32 -1.03 -2.38
(Actual Difference in  Agriculture 55.0 0 -0.03 -0.09 =-0.13

% Share) Industry 60.7 0 0.58 . 0.72 0.60
Services 68.5 0 0.32 0.31 0.21

Percentage Changes

5. K/L Ratio Economy 0.92 0 -0.95 -3.10 =7.17
6. W/R Ratio Agriculture 2.19 0 6.29 7.86 7.21
7. Wages Agriculture 0.266 0 -4.34 -8.35 -14.24
8. K Rental Agriculture 0.121 0 -10.00 -15.03 =20.01
9. Terms of Trade Urban 89.6 0 -7.57 -12.08 -16.98
10. Net Investment/GNP 5.9 0 -2.89 -4.83 -7.56

(Percent)
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Growth Rates of Sectoral Output

(percent/year) 1951/1984
Agriculture Industry Services
BASRUN 2.56 5.03 4.47
Experiment 14 2.14 4.52 3.85
(GB; =0.0) :
Experiment 15 2.04 3.49° 2.47
(All Aij =0)

As shown in‘Tabie 6.28, the overall growth rate also declines
correspondingly. Wages decline as well as K rentals, though
the latter relatively more. With lower income growth and a
smaller shift to the urban region, the investment rate declines
as weil. Thus an adequate rate of technical change in agricul-
ture is crucial to the growth of the economy and to the rate
of urbanization.

These results may‘be compared with those of experiment
15 where there is no facﬁor augmentation in any sector, but
there is exogenous technical change in agriculture. The overall
growth rate of income declines much more than in experiment 14,
as it does in every sector as shown in the table above. How-
ever, the rate of urbanization does not decline as much even
though the rate of growth of agriculture has decreased. Effi-
ciency wages and K rentals increase in this case, alghough
wages per man and K rentals per augmented unit, decline. This
is an interesting result: the augmentation of factors causes

a decline in the return to efficiency units. The augmentation

.{-ﬁﬁ*‘fm.
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Table 6.29 Experiment No.
‘No Factor Augmentation
A1
All ij"o
EFFECT ON URBANIZATION
1951 1963 1972 1984

1. Level (% Urban) BASRUN 26.73 30.04 32.25 35.01
NEWRN 26.73 28.49 29.96 31.92
(%3 Difference) -5.16 -7.11 -8.81
2. Growth Rate of BASRUN - 0.98 0.90 0.82
Urbanization NEWRN - 0.53 0.55 0.54
(¢ Difference) -45.44 -39.34 -34.28
3. Growth Rate of BASRUN - 2.92 2.84 2.76
Urban Population NEWRN - 2.47 2.48 2.47

Note 1: BASRUN All = 0.0126 A = 0.010

AZl = 0.015 A = 0.010

A31 = 0.0125 A = 0.008

slowing of urbanization.

(i.e., a man) does get higher wages in the BASRUN.

urban sectors are a greater amount of labour.

labour may be adversely affected by education!

has a supply increasing effect but the augmentation itself
balances the decline in returns so that the augmented unit
Thus it
is seen that different kinds of technical change do matter.

In the absence of labour augmentation, for example, the

Demand for

The absence
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(Percent)

Note (1) See Note (1) in Table 6.29

TABLE 6.30 Experiment No. 15
No Factor Augmentation
1
AU Aij 0.0
i BASRUN 1951 1963 1972 1984
. 1951
Variable Value

{ . 1. GNP Growth Rate BASRUN 915 - 3.5  3.61 3.69
| (% per year) NEWRN 915 - 2.46  2.49 2.51
2. GNP Per Capita Growth  BASRUN 0.25 - 1.58  1.66 1.74
; ~ Rate (% per Year) NEWRUN 0.25 -~ 0.53 0.55 0.57
3. Qutput Share Agriculture 57.4 0 3.63 6.12 9.42
(Actual Difference Industry 22.1 0 -1.33 =-2.13 -3.42
in % Share) Services 20.5 -2.30 -3.99 -6.00
) 4, Labor Share Economy 58.8 0 -0.09 -0.04 0.42
| (Actual Difference in  Agriculture 55.0 0 -0.06 -0.04 0.07
I % Share) Industry 60.7 0 0.50 0.18 -0.64
* Services 68.5 O 0.24  0.05 -0.35

Percentage Changes' |
5. K/L Ratio Economy 0.92 0 -4,19 -11.62 -23.23
6. W/R Ratio Agriculture 2.19 0 5.57 2.05 3.03
7. HWages Agriculture 0.266 0 4.01 5.91 8.00
8. K Rental Agriculture 0.121 0O -1.47 3.79 16.08
9. Terms of Trade Urban 89.6 0 2.63 6.45 12.58
10. Net Investment/GNP 5.9 0 -8.05 =-10.03 -10.18
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Finally, the last experiment'(no. 16) reported here,
reverses the biases in each sector. The rate of capital
augmentation is made uniformly greater than that of labour.

A more 'pure' experiment to test the effect of bias would
have beén one which changed the bias but kept the same rate
of technical change. This, however, is not easy to accom-
plish since each sector has differing factor proportions.

In addition, capital share being much less than labour share
in every sector, when bias is reversed, it requires a much
greater compensating rate of capital augmentation to achieve
equivalent rates of technical change. 1In experiment 16, for
example, where the overall rate oi technical change is
approximately equal to that in the BASRUN, capital is aug-
mented at the rate of 2% per year and labour at 1%. In the
BASRUN,.the rate of labour augmentation was in the range of
1.25 to 1.5% per year, while tha*t of capital was 0.8 to 1.0%.

The reversal of bias does produce the expected result:
demand for labour increases in the two urban sectors as their
technical change now has a labour using bias, while that in
agriculture decreases since it has a capital using bias. K/L
ratios decrease in ihdustry and services, while the ratio

increases in agriculture. The level and rate of growth of

-urbanization increase as a result. Note (Table 6.32) that

efficiency capital rentals register a precipitous decline.
This decline is so large that the return to augmented units

is also less than that in the BASRUN. The share of labour
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Table 6.31 Experiment No. 16

Capital Augmentation > Labour Augmentationl
Ail = 0.01 kiz = 0.02
EFFECT ON URBANIZATION
1951 1963 1972 1984
1. Level (% Urban) BASRUN 26.73 30.04 32.25  35.01
NEWRN 26.73 30.22  32.77 35.81
(3 Difference) 0 0.59 1.61 2.27
2. Growth Rate of BASRUN - 0.98 . 0.90 0.82
Urbanization NEWRN - 1.03 0.98 0.89
(3 Difference) 5.05 8.55 8.35
3. Growth Rate of BASRUN - 2.92 2.84 2.76
Urban Population NEWRN - 2.97 2.91 2.82
Note 1: See Note 1 in Table 6.29.

increases in the two urban sectors as a result as does the -
overall share.

In conclusion, it is clear that the rate of urbani-
zation does depend on the nature of technical change. Neutral
technical change in agriculture produces a greater shift to
urban areas than technical change which has a labour using
bias. The reversal of bias in the technology, where the
urban sectors become labour using, also increases the rate of
urbanization as expected. The effect is small in magnitude

relative to the rather significant change in the nature of

technology that uses it.

|
B;m-L
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TABLE 6.32 Experiment No. 16
Capital Augmentation > Labour Augmentationl
All = 0.01 7\12 = 0.02
BASRUN 1951 1963 1972 1984
Variab] 1951 :
ariable Value

1. GNP Growth Rate BASRUN 915 - 3.54 3,61 3.69
(% per year) NEWRN 915 - 3.57 3.65 3.72

2. GNP Per Capita Growth  BASRUN 0.25 - 1.58 1.66- 1.74
Rate (% per Year) NEVRUN - T.62 1.70  1.77

3. Output Share Agriculture 57.4 0 -0.44 -0.87 -0.72
(Actual Difference Industry 22,1 0 0.27 0.65 0.50

in % Share) Services 20.5 0 0.17 0.22 0.22

4. Labor Share Economy 58.8 0 0.28 0.22 0.14
(Actual Difference in  Agriculture 55.0 0 -0.23 -0.53 -0.82

% Share) Industry 60.7 0 1.97 3.28 4.86

Services
Percentage Changes

5. K/L Ratio Economy 0.92 0 0.74 1.61 2.55
6. W/R Ratio Agriculture 2.19 0 23.28 44.03 77.26
7. Wages .Agriculture 0.266 0 4.39 7.43 11.27
8. K Rental Agficu1ture 0.121 0 -15.33 -25.41 -37.23
9. Terms of Trade Urban ~ 89.6 0 -3.38 -5.14 -6.31
10. Net Investment/GNP 5.9 0 0.61 -0.04 -1.38

(Percent)

Note(1) See Note (1) in Table 6.29
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7. Toward a Dynamic Theory of Urbanization:

e P

& .Directions for Further Research

"Errors should be judged in relation
to the uses to which estimates are put."

Simon Kuznets

DYNURB was developed in an attempt to advance
understanding of the dynamic processes which lead to con-
tinuing urbanization as an economy develops from very low
levels of income. Simulation of the model and the sensi-
tivity tests performed on it indicate that, at best, it is
an imperfect. way of studying urbanization. The results
obtained, however, do-induce enough confidence in the model
to suggest that an attempt has been made in the right direc-

tion. In drawing together the implications of the model, it

is instructive to compare its results with the general
observations made by Kuznets (1971) in summarizing the long term
growth experience of the presently developed countries.

It has been remarked that DYNURB behaves much like
a buffalo: not much happens when parameters are changed
within reasonable ranges. This is not surprising when the
economy simulated starts from such low levels of income.
Kuznets points out that the presently developed (henceforth

called “rich") countries started their era of "modern economic

growth" (MEG) at levels of per capita income comparable to

e
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about $250 (1965) dollars) or above, except for Japan.

If, as claimed by Jorgenson (1961), "the critical condition
which marks the dividing line between economies caught in

the low level equilibrium trap and economies capable of
sustained growth is simply that for sustained growth an agri-
cultural surplus musﬁ come into existence and must persist,”
then the sluggish behaviour of DYNURB may be regarded as
typical for economies starting from per capita income

? levels of $100 (1965 dollars). Moreover, the share of labour
force in agriculture was only 50 to 60 percent at the dawn of
MEG in rich countries as compared with 70 to 80 percent in

many LDCs now.

Notwithstanding these problems, the growth of national

product in DYNURB is in the range of 3-4 percent per year as
in MEG. In the now rich countries, however, population grew

at only 1% per year in the period of MEG thereby yielding a

per capita income growth rate of about 2% which has persisted
for a century to a century and a half. In India and in DYNURE,
population is growing at about 2% and per capital income at

3 1% per year. Kuznets emphasizes the importance of produc—
tivity growth or technical change in this growth process, as
is also shown in DYNURB. While the capital-labour ratio has

consistently increased in rich countries, the share of capital

? income has declined from about 40% to 20%, according to Kuznets.

The return to capital must have threfore registered a secular

decline as is alsc shown by DYNURB. This must, therefore,
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be regarded as a general result. One consequence of this
result is thét more and more capital must be invested to
produce similar rates of growth: technical change conse-
quently assumes increasing importance. The use of only 3
sectors obfuscates the technical change issue to some extent.

In any given time period, only a subset of industries ex-

perience rapid technological change and increase their share
while others decline. The total sectoral rate of change can in
this way remain constant while the structure could be chang-

ing rapidly within the sector.

One of the important differences in DYNURB which reflects a
novel feature of the present development process in IDCs is that the service

sector expands faster 'than is reported for the rich countries in

their early stages. As mentioned in Chapter 2, the general
sequence of structural change has traditionally been seen to

be from agric::’ tur=s to industry to services. As shown by

DYNURB, the current experience is one of a concurrent shift
from agriculture to industry and services. This is a some-
what neglected characteristic of the development process of
latecomers that DYNURB is specifically designed to capture.
It is partly a result of the dualistic structure of the

economy. As Kuznets points out, the capital-labour ratios

in rural and urban areas were not too different at the

i beginning of MEG. Now, of course, urban capital-labour
i ratios are much greater than rural ones. It is partly be-

cause of this that the service sector has become important
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in LDCs. The labour released from agriculture cannot all

be employed in industry (as it often was at the beginning

of MEG) and therefore goes simultaneously to the service
sector. Given that demands for services also exist to en-
able this service employment, the causation chain is not
entirely clear. Kuznet's speculation is, however, appealing:
technical innovations cause growth in productivity which then
leads to changes in the structure of production. Changes in
"other aspects" such as conditions of housing and work result
and these finally produce changes in demand. Such complex
interrelations are difficult to model even in general equili-
brium models but must be allowed for when interpreting results.
1 The foregoing illustrates the usefulness and validity
of DYNURB as a vehicle for interpreting long term growth
and chanées in the structure of an economy starting from

very low levels of income. Its shortcomings are now noted

to provide directions for further research -- in particular

to make it a better model for analyzing urbanization:

i) Theory of Location: Clearly, the most important short-

coming of DYNURB needing correction is its assumption
that all industry and service employment is based in
urban areas. Given the lack of spatial location theory,
this is not an easy task. One way to approach the
problem could be to estimate separately the production
functions for urban industry and rural industry. If

they are found to be significantly different, modelling
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them as such would automatically solve the location
probleﬁ in terms of simulation. Finding out why they
are different would provide the theory of location.
Doing this would increase the number of sectors to be
modelled to four but that is the price that would have

to be paid.

ii) The Service Sector: As pointed out earlier, most

difficulty is encountered in simulating the service
sector production function since no estimates exist for
its parameters. It is for this reason that distinguish-
ing urban and rural services is not suggested above at
*" ‘s stage. Various divisions of the sector could be
made (e.g., those suggested by Katouzian (1970) -- see
section 2.2) to reduce the heterogeneity encompassed by
it at present. This would involve a further expansion

of the number of sectors while the benefits of so doing
are dubious. In this area, the immediate priority is
empirical estimation of the parameters of the production

function.

iii) Demographic Sub-Model: The main shortcoming that DYNURB

suffers from in this respect is that it does not disting-
uish the labour force from population adequately. 1In
a static sense, it does make this distinction through

the use of worker participation rates. Dynamically, .
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however, these rates remain constant so labour grows

at the same rate as population. The next improvement
should therefore maka this distinction to simulate the
changing age structure of the population. While detailed
population models which do this are easily available,
they are all far too detailed for the purposes of DYNURB.
What is needed is a simple model which only makes a dis-
tinction between workers and non-workers.

The second improvement necessary in this general
area is the introduction of some friction in rural-urban
population movements. The development of the demographic
sub-model should therefore incorporate this consideration.
It must be kept in mind though that DYNURB is a long
term model and Harris-~Todaro type migration functions

may not be adequate.

iv) Trade: DYNURB is now restricted to simulating closed
economies and is therefore only useful for relatively
large countries. There should therefore be an external
trade component in it. As a start, it could be regarded
as essentially exogenous and could be used as a control
lever on the economy. Alternatively, an external price
responsive demand function(s) could be specified but
world prices would still have to be specified.

This extension is a very important one to make

DYNURB more generally useful for simulating open economies.
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] v) Savings and Demand: The problems in using the Stone

demand system have already been discussed in some detail.
More research needs to be done to specify behavioural
reasons for changing demand parameters as an economy
develops. This would probably involve including some
feedback effects.as alluded to above. Similarly, savings
in DYNURB are currently "blind". The savings function
should be made more responsive to returns to investment
as should the level of investment. There is, however,

no wide agreement on the behavioral specification of

savings functions: clearly a case for further research.

vi) Input-Output Structure: Currently, the input-output

strqcture is constant throughout the period of simulation.
This is clearly not true for developing economies. The
problem in changing it is that changed estimates are
available for only some dates. Thus new coefficients
could be specified, say, every ten vears. Such discrete
changes affect the smooth operation of the model and the

effects of such shocks would then have to be assessed.

vii) Technical Change: This is mentioned last since it is the

most difficult extension being suggested and the one
requiring intensive research. The results of DYNURB
leave no doubt that a) the rate of technical change is

crucial to overall growth and b) its nature affects the

;

ﬁdé"?{zmm .
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kind of structural change that comes about. The

theoretical suggestions for endogenizing technical change

(as in section 2.3) should now be estimated so that models
A such as DYNURB can incorporate production functions of
P technical change. Then resources could be denoted to

producing technical change as well.

If all the above changes are incorporated in DYNURB, it
might well advance understanding of the development process
and, in particular, as it relates to urbanization. It is
| difficult to speculate if these would be second order improve-
ments or relatively major ones. As it is, DYNURB provides a
host of insights into the development-urbanization process
and these are now brought together as concluding remarks of

this study.

As has been assumed, explained or asserted by many

authors, the process of urbanization is inextricably linked
with that of economic development. The rate of urbanization
depends on the kind of structural change an economy undergoes.

The "normal" or "common" case can be described thus:

As an economy grows from low incomes, the proportion
of income necessary to buy food declines and thus demand is
created for non-food goods. Technical change in agriculture
permits labour to be released to work in urban pursuits. The

lack of technical change or productivity growth in agriculture

would slow down the rate of urbaniztion. It is a moot question

i.
i
4
1
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L to say which comes first: income growth, technical change
§ or urbanization. What is important to understand is that
?: they happen simultaneously, one reinforcing the other.

[

Rapid population growth is not necessary for rapid urbaniza-

L tion. It is a popular misconception that high population

growth rates induce ﬁrbanization, though high urban popula-
tion growth rates are obviously affected by high population
growth. Indeed, the rate of growth of urbanization can
increase with zero population growth if there is accompanying

| technical change in agriculture and incomes are rising. The
provision of some urban services which may be perceived as
required for urban living may themselves induce a higher

rate of urbanization and a higher rate of income growth. It
is a characteristic of recent development experience that
urban capital-labour ratios are considerably higher than

? those in rural areas: thus high rates of investment are

? necessary for rapid urbanization. The increase in urban
labour demand at later stages is more because of service de-
mand than industrial demand as the rate of productivity growth
is characteristically low in the service sector. Thus, indus-

trialization and urbanization are not synonymous for develop-

ment latecomers though they could have been for rich countries
in their early stages. The functioning of the service sector
is therefore essential to understand the current urbanization.
The labour-using technology in agriculture and capital-using

technology in urban areas has had the effect of slowing down

!
;: :
L
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urbanization in LDCS. If technology policy in these countries

succeeded in introducing the adoption of "appropriate" tech-

nology, the rate of urbanization may well increase. These
f technological bias effects are, however, usually exaggerated
?'_ and their impactvon the rate of urbanization is at best se-
condary. Similarly, contrary to popular belief, transport

costs may have no effect on urbanization either way.

; In summary, rapid agricultural productivity growth,
relatively slow service productivity growth, high rates of
investment and Engel demand effects combine to produce a
| continuing increase of urbanization levels albeit in a

logistic manner.

LG
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APPENDIX

The following tables constitute the full output as
L produced by the simulation program of DYNURB. Note the

following points:

A. Units
(1) All values, i.e., output values and capital values

?' are in base period (1951) prices and in units of
Rs. x 108 , i.e., in hundreds of millions or tens

of crores.

(2) Labour units are in lO5 people.

(3f Wage rates are therefore in Rs. 108 per lO5 people,
i.e., thousands of Rupees. .25 is therefore equivalent
/ to Rs 250 per person. Income per capita is also in

the same units.

B. Output

(4) National income accounts report "gross" national
product net of the production of intermediate goods.
Here, "gross" output refers to output including
intermediate goods, while "net" output is exclusive
of these goods. The latter includes depreciation
and therefore corresponds to GNP according to national

accounts statistics.

1
1
i
!
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L

%f C. Growth Rates

K

fi (5) Growth rates are calculated using the initial

?; period values as base. Thus, for example, the

E growth rate of any variable reported for 1978 is

f its growth from 1951 to 1978 -- not the growth from
? 1975 to 1978.

5 Table headings should otherwise be self explanatory.
{

{

o
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TABLE A.1
NATIONAL PRODUCT :
HATIONAL PER CAPTTA
NET INDEX GROSS INDEX NET INDEX GROSS INDEX

COLUNN 1 2 3 4 5 6 7 8
ROW

1 1951 915,22 100.00 1191.07 100.00 0.25 100.00 0.33 - 100.00
2 1954 1013,4%0 110.72 1325.14 111.26 0.26 104,55 0.35 105.06
3 1957 1123.54 122.75 475,60 123,89 0.28 , 109,45 0.36 110,47
4 1960 1248.54 136.41 1648,50 138.41 0.29 114,83 0.38 116.51
5 1963 1388.97 151.75 1843 .35 154,81 0.31 120.72 0.41 123.15
6 1966 1547.52 169.07 2065.41 173.41 0.32 127.07 0.u43 130.32
7 1969 1725.53 188,53 2314 .47 194,32 0.34 133.49 0.45 138.00
8 1972 1926.72 210,50 2598,.137 218,15 0.36 141,19 0o.u8 146,32
9 1975 2155.45 235.49 2922.95 2u5.41 0.38 149.17 0.51 155.45
10 1978 2011.177 263,50 3291.07 276431 0.40 157.65 0.54 165,31
11 1981 2699.83 294 .97 3702.36 310.84 0.42 166.71 0.58 175.68
12 19884 3024.84 330.48 4173.93 350.44 0.u45 176.51 0.62 187.17

Notes: (1) Net is excluding intermediate output.

(2) Gross is including intermediate output.

N
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_ COLUHR

o
te]
=

1951
1954
1957
1960
1963
1966
1969
1972
1975
10 1978
11 19381
12 1984

OCONONE W =

COLUNN
ROW
1951
1954
1957
1960
1963
1966
1969
1972
1975
1978
11 1981
12 1934
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TABLE A.2

SECTORAL GROSS OUTPUTS AND SHARES

PERCENT
3

54.67
53.31%
52.10
50.74
49.41
48,08
46.81
45.55
44,24
42.94
41.82
40.57

PERCENT
3

57.36
56.76
Sihe 31
52.69
51.07
u9.45
47.87
46.31
44.66
43.01
41.57

AGRICULTURE
ouTPUT INDEX
1 2
651.16 100.00
T06.47 108.49
768.80 118.07
836,49 128.46
911.05 139.91
993,03 152.50
1083.35 166.37
1183.149 181.75
1293.17 198.59
113,21 217.03
1548, 17 237.75
1693,.13 260.05
SECTORAL OUTPUTS AND SHARES
ASRICULTURRB
ouTruT I NDEX
1 2
525.05 100.00
565.06 107.62
610,23 116.22
657.80 125.28
709.40 135. 11
765.23 1u5.74
226.13 157.34
892.20 169.92
2962.67 183.35
1037.139 197.58
1122.22 213.173
1208,47 230.16

39.95

INDUSTRY
outreut INDEX
4 9
331.67 100.00
380.61 114.76
435.44 131.29
502,10 151.39
579.u4 174.70
668,48 201.55
769.14 231,90
888,30 267.82
1027.36 309.75
1192.12 359.43
1372.44 413.79
1591.35 479,79
INDUSTRY
0UTPUT INDEX -
] 5
202.48 100.00
233.67 115.40
268.60 132.65
31141 153.80
361.25 178.41
418.74 206.81
483.78 238,92
561.15 277. 14
651.67 321.84
759.49 375.09
877.20 433.22
1021.06 504.28

PERCENT oOUOTPUT

6

27.85
28.72
29.51
30.46
31.42
32.37
33.23
34.19
35. 15
36,22
37.07
38.13

PERCENT OUTPUT

6

22,12
23.06
23.91
24.94
26,01
27.06
28.03
29.12
30.23
31.49
32.49
33.76

SERVICES
INDEX PERCENT
7 8 9
208.23 100.00 17.48
238.06 114,32 17.96
271.36 130,31 18.39
309,92 148.83 18.80
353,46 169.74 19.17
403,90  193.96 19.56
461.99 221.86 19.96
526.58 252.88 20.27
602.43 289.30 20.61
685.74 329,31 20.84
781.75 375.42 21.11
889.26 427.05 21.31
SERVICES
INDEX PERCENT
7 8 9
187.75 100,00 20.51
21,67 114,34 21.18
246,71 130.34 21.78
279.33 148.78 22.37
318.33 169.55 22,92
363.54 193.63 23.49
415.73 221.42 24,09
473,37 252,12 20,57
541,11 288.20 25.10
614,88 327.50 25.50
700, 42 373.05 25.94
795.31 423,59 26.29

Note: The lower table is for net output, i.e., exclusive of

intermediate good output.
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COLUNN
ROW
1951
1954
1957
1960
1963
1966
1959
1972
1975
10 1978
1 1331
12 1984

WA NEWN

TABLE A.3

INCONE PER CAPITA BY SECTOR AND REGION

AGRIC
1

0,1930
0.2038
0.2100
0.2152
0.2229
0.2237
0.2359
0.2441
0.2515
0,2587
0.2667
0.2744

INCOME PER
INDUS
2

0.5044
0.5323
0.5636
0.5981
0.6362
0.6777
0.7225
0.7712
0.8242
0.8805
0.9418
1.0066

CAPTTA
SERV
3

0.13317
0.3456
0.3618
0.3790
0.3984
0,414
0.u4426
0.4673
0.4941
0.5221
0.5535
0.5856

URBAN
y

0.4034
0.4229
0.4452
0.u697
0.4972
0.5269
0.5591
0.5944
0.6325
0.6736
0.71R1
0.7656

AGRIC
5

100.0000
102.9249
106.0605
109,2201
112.5715
116.0252
119.6462
123.2659
127.0175
130.66874
134,72813
138.5992

INDEX
INDUS
6

100.0000
105.5284
111.7391
118.5677
126.1366
134.3506
143, 2317
152.8919
163.3944
174.5603
186.7059
199.5703

SERV
7

100.0000
10u4.1922
109.0475
114.2577
120.0807
126.4374
133.4212
140.8750
148.9454
157.3846
166 .8331
176.5205

URBANR
8

100.0000
104,.8465
110.3620
116.4433
123.2484
130.6232
138.5980
147.3434
156.7966
166.9911
178.0117
189.7942

URB/RUR
g -

2.0374
2.0755
2.1201
2.1722
2.2307
2.2938
2.3602
2.4354
2.5151
2.6034
2.6320
2.7900

N
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R

1

ﬂz
]

COLUMK
ROW

——b b b
NS OOWXNANZTWN -

1951
1954
1957
1960
1963
1966
1969
1972
1975
1978
1981
1984

COLUHR

ROW

WOLAANETWN -

10
12

1951
1954
1957
1960
1963
1966
1969
1972
1975
1978
1931
1984

TABLE A.4

SECTORAL CAPITAL STOCKS AND SHARES OVER TINE

TOTAL INDEX AGRTC PERCENT

1 2 3 : 4
1475.00 100.00 334.135 - 22.67
1640.01 111,19 358.75 21.87
1840. 14 124,76 3913.72 21.40
2081.75 .14 435.55 20.92
2372.20 160.83 ugn, 77 20.60
2720.15 184 .42 554.05 20,37
3136.03 212.61 634,91 20.25
3632.01 206.24 734,47 20,22
4222.49 286.30 852.13 20.18
4225, 19 333.91 96,19 20.23
5759.14 390.45 174,66 20.40
6746.85 457.41 1385.16 20.53
SECTORAL LABOUR STOCKS AND SHARES

TOTAL INDEX AGRIC PERCBNT

1 2 3 4
1600.00 100.00 1193.37 74.59
1693.02 105.81 1247.80 73.70
1791.98 112.00 1307.71 72.98
1897.07 118.57 1368.86 72.16
2007.40 125.46 1432.30 71.35
2123.177 132.74 1499.04 70.58
2245.94 140.37 1563.136 69.88
2376.12 148,51 1645.09 69.23
2514%.65 157.17 ° 1722.61 68.50
2661.10 166.32 iR0u.18 67.80
2815.91 175.99 1893.17 67.23
2978.16 186.14 1981.74 66.54

IRDUS
5

489.14
547.92
615.70
699,25
798.17
914,08
1047.92
1209.26
1400.02
1629.91
1888, 76
2205,32

INDUS
5

168.60
184, 37
200.15
218.69
238,47
259.52
281,24
305,61
332.09
362.28
391.21
426.01

P ERCENT
6

33.16
33.41%
33.46
33.59
33.65
33.60
33.41
33.29
33.15
33.09
32.80
32.69

PERCENT
6

10.54
10.89
11.17
11.53
11.08
12.22
12.52
12.86
13.21
13.61
13.89
14.30

SERV
7

651.51
733,34
830.72
9U6.94
1085.25
1252.02
1453.30
16068.28
1970.75
2299,.19
2695,72
3156.37

SERV
7

237.70
260.85
284.11%
309.52
335.62
364,03
394.49
425,42
459.95
494,63
531.53
570,41

PERCRNT
8

ay.17
44,72
45.14
45.49
45,75
46.03
46,34
46 .48
46.67
46 .68
46.81

u6.78.

PERCEBNT
8

14.86
15. 41
15.85
16,32
16,72
17 .14
17.56
17.90
18,29
18,59
18.88
19. 15

N
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COLAAAUNWN -

WAGES AND CAPITAL RERTALS

COLUNKH
ROW

1951
1958
1957
1960
1963
1966
1969
1972
1975
1978
11 1991
12 1984

-
CUOUONANEWN -

COLUMR
ROW
1951
1954
1957
1960
1963
1966
1969
1972
1975
1978
1981
1984

RPN
N QOO NSWN=-

WAGBS

COLUNN
ROW
1951
1954
1957
1960
1963
1966
1969
1972
1975
10 1978
11 1981
12 1984

EPP WAGE
1

0.2661
0.2655
0.2677
0.2632
C.2712
0.2737
0.2755
0.2796
0.2828
0.2853
0.2898
0.2935

AND CAPITAL RENTALS PER

EFF WAGE
1

0.4523
0.4532
0.u4551
0.4577
0.46%1
0.4652
0.4701
0.4753
0.4807
0.4366
0.4926
0.4990

AND CAPITAL RENTALS PER EFFICIENCY

EFPF WAGE
1

0.4523
0.4532
0. 4551
0.4577
0.4611
0.4652
0.4791
0.4753
0.4807
0.4866
0.4926
0.4930

TABLE A.5
PER EFPICIENCY UNIT AND PER ACTUAL ONXT AGRICULTURE
LADOR CAPITAL
INDEX PER MAN INDEX EFF RENT LNDEX PER URIT INDEX
2 3 4 5 6 7 8
100.0000 0.2661 100.0000 0.1213 100.0000 0.1213 100,0000
100.1901 0.2767 103,9942 0.1196 98.6100 0.1232 101.5976
100.6027 0.28084 108.3872 0.1163 95.8972 0.1235 101.7960
101.1766 0.3011 113,7443 0.1124 92.6716 0.1229 101.3523
101.9302 0.3148 118,3151 0.1076 88.7089 0.1212 99,9578
102.8460 0.3297 123,9107 0.1022 84.2720 0.1187 97.8354
103.9189 0.3458 129,9571 0.0963 79,4252 0.1152 95.0022
105.0833 0.3629 136,4030 0.0902 74,3996 0.1112 91.6872
106.,2722 0.3810 143.1840 0.0843 69,5146 0.1071 88.2627
107.5049 0.4003 150.u4562 0.0784 64.6071 0,1025 84.5170
108.9044 0.4206 158,08u4 0.0724 59.6956 0.0976 80.4579
110.3155 0.4023 166,2127 0.0669 55.1245 0.0928 76.5480
EFPICTENCY UNIT AND PER ACTUAL UNIT INDUSTRY
LABOR CAPITAL
INDEX PER HMAN INDEX EFPF RENT INDEX PER UNIT INDEX
2 3 4 S 6 7 8
100.0000 0.5428 +100.0000 0.1213 100.0000 0.1213 100.0000
100.1901 0.5687 10u4.7664 0.1196 98.6100 0.1232 101.5976
100.6027 0.5971 110.0028 0.1163 95.8972 0.1235 101.7960
101.1766 0.6279 115.6834 0.1124 92.6716 0.1229 101.3523
101.9302 0.6615 121.86R2 0.1076 88,7099 0.1212 99,9578
102,8460 0,979 128,5796 0.1022 84.2720 0.1187 97 .8354
103.9189 0.7374 135.8551 0.0963 79,4252 0.1152 95.0022
105.0833 0.7797 143.6521 0,0902 74,3996 0.1112 91.6872
106.2722 0.8246 151.9130 0.0843 69.5146 0.1071 88.2627
107.5849 0.R729 160.8137 0.0784 64.6071 0.1025 84,5170
108.9044 0.9240 170.2215 0.0724 59.6956 0.0976 80.4579
110.3155 0.9787 180,3029 .0.0669 55.1245 0.0928 76.5480
UNIT AND PER ACTUAL UNIT SFRVICES
L ABOR CAPITAL
INDEX PER MAN INDEX EFFP RENT INDEX PER URIT INDEX
2 3 4 5 6 7 8
100.0000 0.5428 100.0000 0.1213 100.0000 0.0910 100.0000
100.1901 0.5645 103.9943 0.1196 98.6 100 0.0919 100.9954
100.6027 0.5883 108.3874 0.1163 95.8972 0.0915 100.5929
101.1766 0.6142 113,1445 0.1124 92.6716 0.0906 99.5609
101.9302 0.6422 118.3152 0.1076 R8,7089 0.0888 97.6091
102.8460 N.6726 123,9108 0.1022 84,2720 0.0864 94,9702
103.9189 0.7054 129.9572 0.0963 79,4252 0.0834 91.6733
105.0833 0.7u0y 13,4031 0.0902 74 .3996 0.0800 87.9501
106.2722 0.7772 1u3.1841 0.0843 69.5146 0.0766 84.1633
107,5849 0.8167 150.4563 0.0784 64,6071 0.0729 80.1139
108.9044 0.85%1 158.0846 0.0724 59.6956 0.0690 75.8141
110,3155 0,9022 166.2121 0,06A9 55, 12u5 0,0652 71,7024

N
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TABLE A.6

DEMAND PROPORTIONS AND ELASTICITIFS AGRICULTURE

287

{ AVERAGE PFOPENSITY TO CONSUME/INCOME ELASTICITY OF DEKAND/

i YCONS AGRIC INDUS SERV AGRIC INDUS SERY
I COLUNN 1 2 3 4 5 6

. R?"1951 519.853 0.722 0.116 0,162 0.554 2.162
L 2 1954 562.530 0.712 0.120 0.168 0.562 2,085
z 3 1957 611,652 04702 0.128 0.174 0.570 2.01S
‘ 4 1960 665.218 0.692 0.128 0.179 0.578 1.950
’ 5 1963 724,635 0.682 0.132 0.185 0.586 1.890
s 6 1966 790. 484 0.673 0.136 0.191 0.595  1.838
. 7 1969 863.575 0.663 0. 140 0.196 0.603 1,782
; 8 1972 945,074 0.654 0,148 0.202 0.611 1.735
| 9 1975 1033.522 0. 645 0.148 0.207 0.620 1.692
/ 10 1978 1130.759 0.637 0.151 0.212 0.628 1. 651
: 11 1981 1239, 784 0.628 0.155 0.217 0.636 1.615
= 12 1988 1355.961 0.620 0.158 0.221 0. 645 1.580

N DEMAND PROPORTIONS AND ELASTICITIES INDUSTRY

: YCONS  AGPIC INDUS SERV AGRIC INDUS SERY DEN/INC
? COLUNN i 2 3 4 5 6 8
: ROW
' 1 1951 129.712 0.496 0.1348 0.370 0,504 1.487 1,487 0. 328
: 2 1954 147,116 0.487 0.137 0.376 0.513 1,463 1.463 0. 317
5 3 1957 165,544 0.480 0.139 0.381 0.521 1,443 1.443 0. 307
j 8 1960 187.487 0.473 0.141 0.386 0.528 1.423 1.423 0. 297,
; S 1963 211.8565 0.467 0. 142 0.391 0.536 1,406 1.406 0.289
‘ 6 1966 238,853 0.460 0.144 0.396 0.543 1. 390 1. 390 0. 281
: 7 1969 : 268.037 0.455 0, 145 0.400 0.550 1.375 1.375 0.273
: 8 1972 301.454 0.449 0.147 0.404 0.556 1.362 1.362 0. 266
: 9 1975 338,806 0,444 0. 148 0,408 0.563 1.349 1,349 0. 259
i 10 1978 382.168 0.439 0.150 0.411 0.569 . 1,338 1.338 0.252
t 11 1981 826.201 0.435 0.151 0.4148 0.575 1.327 1. 327 0. 246
; 12 1334 479,357 0.430 0.152 0.418 0.581 1,317 1.317 0. 240
¢ DEMAND PRIPORTIONS AND PLASTICITIES SERVICES
. AVERAGE PROPENSITY TO CONSUME/INCOME ELASTICITY OF DENAND/ SUBSIST
YCONS ASRIC INDUS SERV AGRIC INDOS SERV DEM/INC
COLONR 1 2 3 4. 5 6 7 8
ROW
11951 161,921 0,528 0. 126 0.3u46 0.474 1.588 1.588 0. 370
2 1958 183,239 0.520 0.128 0.352 0.481 1.562 1.562 0.360
3 1957 205.978 0.512 0.130 0.358 0.4R8 1.538 1.538 0. 350
4 19690 231,736 0.505 0.132 0.363 0,495 1.516 1.516 0.341
! S 1963 259,657 0.499 0.134 0.368 0.501 1. 496 1.496 0. 332
; § 1966 291,176 0.492 0.135 0.372 0.508 1.477 1.477 0. 323
' 7 1969 325.331 0.486 0.137 0.377 0.515 1.458 1.458 0.314
. B8 1972 363.818 0.480 0.139 0.381 0.521 1,042 1,642 0. 306
9 1975 406.615 0.474 0. 140 0.386 0.527 1.426 1.426 0.299
10 1978 451,827 0.469 0.142 0.370 0.534 1,411 1.6811 0. 291
11 19381 501, 349 0.463 0.143 0.393 0.539 1,300 1.398 0. 285
12 1984 555,449 0.45¢@ 0. 144 0.297 0.545 1, 385 1. 385 0.278

Note: Column 8 is the proportion of income

R e n_O
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devoted to subsistence food requirements.

SUBSIST

DEN/INC
7 2}
2. 162 0. 537
2.085 0.520
2.015 0.504
1.950 0. 487
1.8%0 0.471
1. 834 " 0. 455
1.782 0.439
1.735 0. 4248
1.692 0. 409
1.651 0. 394
1. 615 0. 381
1.580 0.367

AVERAGE PROPERSITY TO CONSUME/INCOME PRLASTICITY OF DEMAND/ SUBSIST
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COLUNR

=
Q
=

CONNINEWN =

10

Notes:

1951
1954
1957
1960
1963
1966
1969
1972
1975
1978
1981
1984

INVESTMENT

INVESTHEN

GROSS HE

1

100.10
116.67
136.30
159.70
187. 37
220.28
259.22
305.35
360.22
424.88
500.37
590.33

DINV/CAP

of total capital.

TABLE A.7

T DINV/CAP
T PER CENT
2 3
51.42 6.79
62.55 7.11
75.57 7.41
91.01 7.617
109.09 7.90
130.51 8.10
155.73 8.27
185.50 a.41
220.87 8.53
262.35 8.63
310.92 e,70
368,19 8,76

DEP

PERCENT OF GNP

5.59
5.60
5.64
5.71
5.81
5,94
6.09
6.26
6,44
6.65
6.78
7.13

GKOSS
S

11.50
12.07
12.66
13.28
13.91
14,57
15.24
15.94
16. 65
17.39
18.13
18.91

NET

6

5.91
6.47
7.02
1.57
8.10
8.63
9.16
9.68
10.21
10.74
11.25
11.78

GROWTH RATES

GROSS

7

0.0

So 2“

5.28
5.33
5.36
5.40
5.43
5.45
5,48
5.50
5.51
5.53

(Column 3) is investment as a proportion

Column 4 is depreciation as a proportion of GNP

(net of intermediate output).

NET

6.26
6.22
6.18
6.15

N
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COLUMN
ROW

1 1951
2 1954
3 1957
4 1960
S 1963
6 1966
7 1969
8 1972
9 1975
10 1978
11 1981
12 1984

TABLE A.8

URBANLZAFION AND URBAN AND RURAL POPULATIONS

TOTPIP
1

3619.33
3832,94
4059.04
4299.56
us49.77
4815.34
5096.32
5396.30
5713.82
6049.57
6404,.03
6776.30

INDEX

2

100.00
105.90
112.15
118.79
125.71
133.06
140.81
149,10
157.87
167.15
176.94
187.23

uRBPOP

3

967.39
1060.04
1153.01
1257.65
1366.99
184,64
1608.87
1740.54
1885.81
2040,.27
2196.99
2372.45

IHNDEX

4

100.00
109.58
119.19
130.00
141.30
153.47
166.31
179.92
194 .94
210.91
227.11
245,24

PERCENT

5

26.73
27.66
28.41
29.25
30.04
30.83
31.57
32.25
33.00
33.73
34,31
35,01

RURPOP

6

2651.94
2772.90
2906.03
3041.92
3182.88
3331.20
3487.46
3655.76
3828.02
4009.30
4207.05
4403.86

INDEX
7

100.00
104,56
109.58
114.71
120.02
125.61
131.51
137.85
144,35
151.18
158.64
166 .06

PERCENT

f

73.27
72.34
71.59
70.75
69.96
69.17
68.43
67.75
67.00
65 .27
65.69
64.99

N
0]
O



‘uoissiwiad 1noyum pauqgiyosd uononpoidal Jayung “Jaumo ybuAdoo ay) jo uoissiwiad yum paonpolidey

Sy ;}g

TABLE A.9

FACTOR SHARES IN EACH SECTOR AND TOTAL

AGRICULTURE INDUSTRY SERVICES ECONONY
LABOUR CAPITAL LAND LVSTK LABOUR CAPITAL LABOUR CAPITAL LABOUR
COLUMN 1 2 3 4 5 6 7 8 9
ROW
1 1951 54.96 7.02 33.00 5.00 60.66 39.33 68.53 31.48 58,79
2 1954 54,96 7.04 33.00 5.00 60.84 39.18 68.58 31.38 56.95
3 1957 54.91 7.08 33.00 5.00 61.14 318.89 63.71 31.25 59.08
4 1960 54.d6 7.13 33.00 5.00 61.52 38.51 68.88 31.08 %9.23
5 1963 54.76 7.20 31.00 5.00 61.98 38.02 69.09 30.89 59.34
6 1966 54,68 7.27 31,00 5.00 62.55 37.u6 69.33 30.63 59,46
7 1969 54,01 7.36 33,00 5.00 63.21 36.80 69.64 30.33 59,59
8 1972 54,54 7.46 33.00 5.00 63.92 16.07 70.02 30.02 59.71
9 1975 54,41 7.56 33.00 5.00 64,63 15.38 70. 30 29,67 59,74
10 1978 54.33 7.68 33.00 5.00 65.44 34,57 70.71 29.33 59.81
11 1981 54.18 7.80 31.00 5.00 66,24 33,78 71.06 28.97 59.78
12 1984 54,07 7.93 31.00 5.00 67.07 32.94 71.46 28,59 59,77
TABLE A.10
TFRMS OF TRADE PRICES
AGRIC INDUS SERV URSAN AGRIC INDUS SERV
COLUNR 1 2 3 4 5 6 7
ROW
1 1951 100.0000 99.7877 76.6635 89.6331 1.0536 1.0513 0.8078
2 1954 100.0000 99.3215  76.3221 89,2195 1.0558 1.0487 0.8058
3 1957 100.0000 98.4210 75.5889  88.3925 1.0604 1.0436 0.9015
4 1960 100,0000 97.4225 74,7700 £7.u728 1.0655 1.0380 0.7967
5 1963 100,0000 96.1970 73,7430  86.3345 1.0719 1.0311 0.7904
6 1956 100.0000 94,8406 72,6361 85,0878 1.0789 1.0233 , 0.7837 .
7 1969 100.0000 93.3690 71.4211 83,7288 1.0867 1.0147 0.7762
8 1972 100,0000 91.8332 70.0855 R2,2810 1.0952 1.0058 0.7676
9 1975 100.0000 90.2598 68,7973  80.R328 1.1038 0.9963 0.7594
10 1978 100.0000 88.7412  67.u4624 79,3949 1.1125 0.9872 0.7505
111991 100.0000 B7.0885 66,0217  77.8354 1.1220 0.2771 0.7408 .
12 1984 100,0000 , 85.6172 64,7197  76.4384 1.1307 0.9681 0.7318 -

Note: Columns 5,6,6 are actual solved prices.

CAPITAL
.10

17.38
17.68
17.86
18,04
18.16
18.24
18.25
18.22
18.18
18.10
17.94
17.81

06¢
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§ TABLE A.11
= CAPITAL LABOUR KATIOS
>0
Re) UNAUGMENTED AUGMENTED
e ECONOMY  IRDEX AGRTC INDUS SERV ASRIC INDUS SERYV /R
3 COLUHN 1 2 3 u 5 6 7 8 9
a ROW
o 1 1951 0.9219 100,0000 ¢.2802 2.9012 2.7408 0.2802 2.4177 1.7130 2.1937
> 2 1954 0.9687 105.0778 0.2875 2.9718 2.8114 0.2854 2.4401 1.7338 2.2289
S 3 1957 1.0269 111,.3902 0.3011 3.0761 2.9240 0.2966 2.4886 1.7793 2.3014
5 4 1960 1.0973 119,0339 0.3182 3.1975 3.0594 0.3112 2.5487 1.8370 2.3951
g 5 1963 1.1817 128.1874 0.3012 3.3471 3.23136 0.3313 2.6287 1.9158 2.5207
o) 6 1966 1.2809 138,9351 0.3696 3.5221 3.4394 0.3561 2.7255 2.0107 2.6772
2 7 1969 1.3953 151.4640 0.40U6 3.7258 3.6840 0.3870 2.8407 2.1251 2.8702
& 8 1972 1.5285 165,8085 0,465 3.9569 3.968B5 0.4239 2.9726 2.2588 3.0985
= 9 1975 1.6733 182.1631 0.4947 4,2158 4.2847  0.4662 3.1205 22,4064 3.3537
o 10 1978 1.8508 200.7659 0.5522 4.4987 4.6493 0.5165 3,2810 2,5760 3.6530
S 11 1981 2.0452 221.8541 0.6205 4, 8280 5.0717 0.5761 3.4693 2,7733 4.0021
@ 12 1984  2.2654 2U5,7425 0.6990 5.1766 5.5335 0.6442 3.6651 . 2.9857 4.3901
-
=1 Notes: (1) Column 1 is KTOT(t)/LTOT(t) .
3 (2) Columns 3,4,5 are Ki(t)/Li(t).
g (3) Columns 6,7,8 are ni(t)/yi(t) Li(t).
(@] . M .
a (4) Column 9 is Wl(t)/Rl(t), i.e., wage-rental ratio.
Q
2
=}
©
o)
g TABLE A.12
[0]
2— LABOUR PRODUCTIVITY GROSS OUTPUT PER UNIT LABOUR
5 UBAUGMENTED AUGMENTED
e ECONONY  INDEX AGRIC INDUS SERV ASRIC INDUS SERV
= COLUMN 1 2 3 u S 6 -7 8
) ROW
3 1 1951 0.7444 100,0000 0.5179 1.8712 1.0R45 0.5179 1.5593 0.9037
@ 2 1954 0,7827 105,1432 0.5374 1.9636 1.1298 0.5177 1.5648 0.9071
z 3 1957 0.8234 110.6160 0.5580 2.0693 1.1824 0.5179 1.5770 0.9 146
= 4 1960 0.8690 116.7315 0.5800 2.1838 1.2396 0.5187 1.5916 0.9237

5 1963 0.9186 123.3950 0.6037 2.3111 1.3038 0.5201 1.6109 0.91360

6 1966 0.9725 130.6412 0.6288 2.4500 1.3736 0.5219 1.6330 0.9501

7 1959 1.0305 138.4314 0.6552 2.6013 1.4498 0.5239 1.6581 0.9661

8 1972 1.0935 146.8977 0.6628 2.7647 1.5324 0.5260 1.6853 0.9838 R

9 1975 1. 1624 156, 1447 0.7125 2.9425 1.6215 0.5288 1.7154 1.0029 =

10 1978 1.2367 166,1341 0.7435 3.1299 1.7163 0.5316 1.7449 1.0227

11 1981 1.3148  176.6211 0,7762 3.3369 1.8208 0.5347 1.7791 1.0453

12 1934 1,4015 1£8.2690 0.8110 3.5530 1.9300 0.5383 1.8115 1.0574

Notes: (1) Gross output includes intermediate goods output.
(2) Columns 3,4,5 are output/man.
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TABLE A.1l3

GROWTH RATES OF OUTPUT TOTAL AND PER CAPITA

. 0UTPUT
ECONONY SECTORAL
NET 5ROSS AGRIC INDUS
COLUNN 1 2 3 4
ROM .
1 1951 0.0 0.0 0.0 0.0
2 1954 3.45 3.62 2.u8 4,89
3 1957 3.48 3.63 2.54 4,82
4 1960 3.51 3.68 2.54 4.90
5 1963 3.54 3.71 2.5 4,94
6 1966 3.56 3.74 2.54 4,96
7 1969 3.59 3.76 2.55 4,96
8 1972 3.61 3.78 2.56 4,97
9 1975 3.63 3.81 2.56 4,99
10 1978 3.65 3.84 2.55 5.02
11 1931 3.67 3.85 2.56 5.01
1z 1984 3.69 3.87 2.56 5.03

Note: All growth rates are in percent per year from

ECONONY

SERY

5

0.0
4,57
4.51
4.51
4.50
u.so
4.52
4.50
4.51
4.49
4.49
4.47

TABLE A.14
GROWTI RATES OF FACTORS TOTAL AND SECTORAL
CAPITAL
TOTAL AGRIC INDUS SERV TOTAL

COLUNN 1 2 3 4
ROW

1 1951 0.0 0.0 0.0 0.0

2 1954 3.50 2,38 3.86 4,02

3 1957 3.76 2.76 3.9 4.13

4 1960 3.30 2.98 4.05 4,24

5 1963 4.04 3.21 4,17 4,34

6 1966 4.16 3.42 4,26 4,45

7 1969 4,28 3.63 4.32 4.56

8 1972 4.38 3.82 4.40 4.64

9 1975 4.48 3.98 4,48 4,72
10 1978 4.57 4.13 4.56 4.78
11 19819 4.65 4.28 4.61 4.85
12 19464 4,72 4.40 4.67 4.90

Note: All growth rates are in per cent per year from 1951.

QUTPUT.PER.CAPITA
SECTORAL
GROSS

0.0
1.66
1.67
1.71
1.75
1,78
1.81
1.83
1.86
1.88
1.90
1.92

LABOQUR

INDUS

6

0.0

1.50
1.54
1.54
1.53
1.53
1.53
1.54
1.54
1.54
1.55
1.55

1.00

-1.00

0.99

1951.

10

0.0

1.38
1,45
1.49
1.54
1.58
1.61
1.65
1.67
1.69
1.72
1.74

c6c



o TABLE A.15

GROHTH RATES OF POPULATION,INDUSTEIALISATION AND URDANISATION

POPULATION UPBAN INDUSTRI  URBAN
TOTAL UEBAN RURAL OUTPUT  ALISATION  ISATION
COLUHN 1 2 3 u 5 6
ROW
1 1951 2.0 0.0 0.0 0.0 0.0 0.0
2 1954 1.93 3.10 1.50 4,74 1.24 1.4
3 1957 1.93 2.97 1.54 u.67 1.16 1.02°
4 1960 1.93 2.96 1.54 4,71 1,16 1.01
5 1963 1.32 2.92 1.53 4,73 1.15 0.98
6 1966 1.92 2,90 1.53 4.75 1. 14 0.96
7 1969 1.92 2.87 1,53 4,75 1.12 0.93
8 1972 1.92 2.84 1.54 4.75 1.10 0.90
9 1975 1.92 2.82 1.54 4.77 1.09 0.98
10 1978 1.92 2.80 1.54 4.77 1.08 0.86
11 1981 1.92 2.77 1.55 4.77 1.06 0.84
12 1984 1.92 2.76 1.55 4.77 1.04 0.82
Notes: (1) All growth rates are in per cent per year from 1951,

(2) Column 5 is the growth rate of the percentage share
of urban based output in total.

(3) Column 6 is the growth rate of the percentage share
of urban population.

‘uoissiwiad 1noyum pauqgiyosd uononpoidal Jayung “Jaumo ybuAdoo ay) jo uoissiwiad yum paonpolidey
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R

COLUNN
ROW
1951
1954
1957
1960
1963
1966
1969
1972
1975
1978
11 1981
12 1934

-
CVWONANEWN =

TABLE A.1l6

GRORTH ACCOUNTING FOR ECONOMNY

NET
ouTPuUT
1

0.0

3."5
3.48
3.51
3.54
3.56
3.59
3.51
3.63
3.65
3.67
3.69

Notes:

ASTECH  INDTFCH  SFRTECH LABOUR CAPITAL TECH234 SIN567
2 3 u 5 6 7 8
1.01 0.29 0.23 0.0 0.0 1.52 1.52.
0.98 0.30 0.23 1.12 0.64 1.52 3.27
0.95 0.31 0.24 1.13 0.67 1.51 3.31
0.93 0.33 0.25 1.13 0.70 1.50 3.34
0.90 0.34 0.25 1.13 0.73 1.49 3.36
0.87 0.36 0.26 1.13 0.76 1.48 3.38
0.84 0.37 0.27 1.13 0.78 1.48 3.39
0.81 0.38 0.27 1.14 0.80 1.47 3.41
0.78 0.40 0.28 1.14 0.81 1.u6 3.41
0.76 0.42 0.29 1.14 0.83 1.46 3.42
0.73 0.43 0.29 1.14 0.83 1.45 3.42
0.70 0.45 0.29 1.14 0.84 1.45 3.42

(1) All growth rates are in per cent per year
from 1951.

(2) Columns 2,3,4 are the contribution of
technical progress in each sector to
total output growth.

(3) Column 7 is the sum of columns 2,3,4, i.e.,
the total contribution of technical progress.

(4) Column 8 is the sum of columns 5,6,7.

(5) Ignore first row.

CONTRIDUTIGN TO GROWTH BY

N
O
>
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COLUHMN
ROW
1951

1957
1960
1963
1966
1969
1972
1975
10 1978

OB ARANETWN =

12 1984

coLux"
ROW

1951
1954
1957
1960
1963
1966
1969
1972
1975
10 1978
11 1981
12 1984

CONANNS W =

1954

GRONTH ACCOUNTING BY SRCTORS

NET
OouTPUT
1

0.0
2.(‘8
2.54
2.54
2,54
2.54
2.55
2.56
2.56
' 2,55
2.56
2.26

GROMTH ACCOUNTING BY SECTORS

RET
OUTPUT
1

0.0

u. 89
4.32
4,90
4,94
4,96
“1 96
4.97
4.99
5.02
5.01
5. 03

TABLE A.17

AGRICULTURE

CONTRIBUTTON TO GROWTH BY

LABAUG
2

0.59
0.69
0.69
0.69
0.68
0.68
0.68
0.68
0.68
0.68
0.68
0.68

CAPADG
3

0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.08
0.08
0.08
0.08

CONTRIBUTION TN GROWTH BY

LABAUG
2

0.91
0.91
0.92
0.92
0.93
0.94
0.95
0.96
0.97
0.98
0.99
1.01

CAPAUG
) 3

0.39
0.39
0.39
0.39
0.38
0.37
0.37
0.36
0.35
0.35
N.34
0.33

PRICES LAROUR
4 5
0.0 0.0
0.07 0.82
0.11 0.84
0.12 0.84
0.4 0.R4
0.16 0.84
0.17 0.84
0,18 0.84
0.19 0.84
0.20 0.84
0.21 0,84
0.21 0.84
INDISTRY
PRICES LAROUR
u- 5
0.0 0.0
-0.08 1.84
~0.12 1.77
-0.14 1.80
-0.16 J.R2
~0.18 1.82
-0,20 1.92
-0.21 1.84
-0.22 1.85
-0.23 1.88
-0.24 1.88
-0.25 1.9

CAPITAL TECH24¢3 SUN 567 BIAS
6 7 8
0.0 1.76 1.76
0,17 1.76 2,75
0.20 1.76 2,80
0.21 1.76 2.81
0.23 1.76 2,83
0.25 1.76 2.84
0.27 1.76 2.86
0.28 1.76 2.68
0,30 1.76 2.89
0.32 1.76 2.91
0.33 1.76 2,93
0.35 1.76 2.94

CAPTTAL TECH2¢43 SuM 567 BIAS
6 7 8
0.0 1.30 1.30
1.51 1.30 4,66
1.52 1.31 4,60
1.56 1.31 4.67
1.58 1.31 4.71
1.59 1.31 4,73
1.59 1.32 4,73
1.59 1.32 4,74
1.58 1.32 4.76
1.58 1.33 4.78
1.56 1.33 4.77
1.54 1.34 4,78

(continued)

-0.00
-0.00
-0.00
-0,00
-0.00
=0.00
"0-00
-0.00
‘0.00
-0.00
-0000
-0,00

0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0. 00

N
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COLUNN

-]
- O
=

1951
1954
1957
1960
1963
1966
1969
1972
1975
1978
1981
1994

Naowd~NAANIWN

b ad -

GROWTH ACTCOUNTING BY SECTORS

RET
ouTPUT
1

0.0

4.57
4,51
4,51
4,50
4.50
4.32
4,50
4.51
4.u45
4.49
4,47

Notes:

(1)

(2)
(3)
(4)

(5)

(6)

TABLE A.17

(cont)

SERVICES

CONTRIBUTINN TO GROWTH BY
CAPAUS

LABAUG

2

0'86
0.86
0.86
0.86
0.86
0.87
0.87
0.88
0.88
0.88
0.89
0.09

LABAUG and CAPAUG are
capital and labour.

3

0.25
0.25
0.25
0.25
0,25
0.25
0.24
0.24
0.24
0.23
.23
0.23

PRICES
4

0.0
~-0.08
-0.13
=0.15
-0.18
-0.20
-0,22
-0,24
=0,26
-0.27
-0.29
-0,30

LABOUR CAPITAL
5

0.0

2.16
2.07
2.05
2.01
2.00
1,99
1.97
1.96
1.95
1.93
1.92

6

0.0

1.26
1.29
1.32
1.34
1.36
1.18
1.139
1.40
1.40
1.40
1.40

TECH2+43 suM 567

the augmentation of
Thus columns 2 and 3

are the contribution of technical change
in factors.

Column 7 is sum of columns 2 and 3,

Column 8 is sum of columns 5,6,7.

There is a discrepancy between columns
1 and 8 because of price changes.
of net ocutput is based on initial period
prices.

Note that BIAS, <0

BIAS, > 0.

3

1

while

BIASZ,

These are shown as 0

because of truncation.

Ignore first row,

Value

BIAS
8

1. 11
4.53
8.47
4,48
4,47
4,47
4.u8

. 4.u48

4.48
4,47
4,06
u.44

0.00

- 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

96¢
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Table B.1l India: Actual National Product
—
Tndex: 1951=100 Rs x 10° Rs
per per
Year GNP capita GNP capita
1 2 3 4 3 ]
1951 100 100 887 247
1952 103 100 912 250
1953 107 162 947 256
1954 114 107 1003 266
1955 116 107 1028 268
1956 119 107 1048 268
1957 124 110 1099 276
1958 123 107 1090 267
1959 132 112 1167 280
1960 134 112 1189 279
1961 144 118 1278 1326 293 306
1962 148 118 1313 1373 294 309
1963 . 151 118 1339 1399 293 308
1964 158 121 1404 1477 300 318
1965 169 127 1509 1588 335
- 1966 166 121 1482 1508 311
; 1967 169 121 1517 1%24 308
: 1968 179 128 1667 1649 326
? 1969 184 129 1712 1699 328
i 1970 196 134 18G9 342
} 1971 207 138 1903 352
: 1972 210 137 1937 350
] 1273 207 133 1908 337
1974 217 136 2003 347
; SOURCE: Column (1): Column (3) up to 1967, Column (4) 1967-74.
3 Column (2): Column (5) up to 1964, Column (6) 1964-74.
] Column (3): Dholakia (1974), p. 67, 1946-49 prices.
é Column (4),(6): G.0.I. (1976), p. xix, 1961 prices.
: Column (5): M. Mukherjee (1969), p. 138, 1948-49
P prices.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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L Table B.2 Estimates of Net Capital Stock in India

. (1961 prices)

; ~ Agriculture Non-Agric. Total
Year Rs X 10 Index Rs x ZI.O8 Index Rs x lO8 Index

1 2 3 4 3 &

1951 610 - 100 1450 100 2060 100
1952 627 103 1499 103 2126 103
1953 647 106 1520 105 2147 104
1954 674 110 1569 108 2243 109
1955 698 114 1619 112 2317 113
1956 729 120 1676 116 2405 117
1957 763 125 1870 129 2633 128
1958 786 129 1880 130 2666 130
1959 816 134 1968 136 2784 135
1960 839 138 2059 142 2898 141
1961 866 142 2159 149 3025 147
1962 888 146 2262 156 3150 153
1963 908 149 2385 165 3293 160
1964 937 154 2532 175 3469 168
1965 971 155 2676 185 3647 177
1966 991 162 2856 197 3847 187
1967 1017 187 3027 209 4044 196

: 1968 1051 172 3172 219 4223 205

: 1969 1080 177 3350 231 4430 215

; SOURCE: Dholakia (1974), pp. 198,199.

f Notes: (1) The figures for agriculture exclude value of

: livestock.

' (2) The figures for non-agriculture are the sum

of stock of capital in sector Non~Ag. and
the value of residential dwellings.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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