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Abstract B

The primary aim of fhis study is to analyse empirically the
determinants of investment behaviour in Nigerian manufacturing indus-
tries based on five aliernative theories or investment and private
foreign investment data for a sample of eight manufacturlng -
1ndustr1es over the period 1966 to 1976. The 1ndustries include: Foogd
Beverages, Textiles, Footwear, Furniture, Paper,'Leather and Rubberi
while the theories are the Accelerator, Liquidity, Expected Profit,
Neoclassical I and Neoclassical IT, Using a "geﬁeralized accelerator
mechanism", the theories are unified wﬁzie the rational disﬂributed

lags also provide the basis for the lag generating mechanism of the

investment functions,”

RS,

A two-stage maximum likelihood (ML) method of estimation is
adopted for the functions in the distributed lag form in which stage
one yields a total of two hundred and-eighty single equation results
while stage two yields forty regression results. Following the
derived regre881on estimates the relative performance of the invest-
ment theories is then tompared using well established "performarnice
eriteria” such as minimum residual variance, analysis of the {itted
coefficients of changes in desired capital, and the goodness-of-fit

"statistics. On the basis of the ranking procedures adopted we

Vi
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conclude that the Liquidity theory is superior to the others in -
the explanation of investment behaviour by Nigerian manufacturing
Iindustries.
Further analysis of the regression results leads to the following
f;ndings: (i) the "truncation_remaiﬁder“ is a réal number different
from zero; (ii) the average lag between changes in desired capital
and net invesiment expenditures ranges between six months and one year;;
kiii) lag distributions from industry to.industry are non-symmetric;
(iv) the response of the demand ?or-capital services is largest for
the rate of interest and low for the liberalization of depreciation
allowances; {v) the shdr§ term responses of investment are much larger
than the long term responses and, (vi) the responses of investﬁent to
market conditions are much larger than the responses to tax policy.
These results suggest, amohg otihers, that poliey makers should
(i) take into account replacement investment when formulating an invess-
ment peoliey for cduntercyclical ends; (ii) that fiscal incentives for
investment promoiion should be regardeé as suppleméntary to market con-
ditions when appraising policies Tor growth of stabilizetion purposes; and,

finally, that policy makers should asses both the size and the timing of

their policy measures so as to satisfy the desired ocbjectives effectively.

vii
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INTRODUCTION

This study condicts an econometric investigation_into the invest-
ment activicy of manufacturing industries in Nigeria based on a compa-
rison of alternative theories of investment behaviour which have already
undergone substantial testing on data for the developed countries and to
some extent for the developing countrieé with regard to their ability to

~explain the investment activity of individual firms and‘industries.

Existing theories of investment behaviour differ in their degree of
emphasis and generél approach to four mgin issues, naﬁely: )

(i) the determinants of'thg desired level of capital;

{ii) cthe relationship between changes in the demand forl

capital services and investment expenditures;
(iii) the nature of reﬁlacement invesgment, and
. (iv) the time structure of the investment process,

These differences are_indeed common to the Accelerator, the liquidity,
the Expected Profits and the Neoclassical theories of investment behaviour
which have evolved in the last six decades or so. The situation is not
éven made amy better if one turns to the econometric models and estimation
of fhe investment theories where coé;iderable disagreement rages as well.

In order to compare different investment theories as is done in this study

it is indeed necessary to provide a uniform structure within which each

investment theory may be fitted.
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Conseﬁuently; using thé Accelerator theory as a point of departure,

a 'generalized accelerator mechanism' is developed in which. gross invest-
ment is a function of changes in the desired level of capital and the rate
of replacement of existing caﬁital. The appropriate distributed lag
function is the rational lag mechanism for translating changes in desired
capital into actual investment expenditures, This class of distributed
lag functions, of course, contains the geometric and Pascal lag distribu-
tions as special cases, Viewed this way, the four theories of investment
behaviour that ar; reviewed and tested only differ in terms of their chara-
cterization of the desired level of capital which may be summarized as
follows: 1In the Accelerator theory, desired capital is proportional to
output; in the liquidity theory it is proportional to liquidity while in
the Expected Profits theory it is proportional to current profit.- Finally,
in the Neoclassical theory, desired bapital is proportional to output, the
price of output and the price of capital services.

The objectives of studying investment in the manner described so far,
are somewhat-clear. There is agreement in the literature that thé rela-
tionship between investment and itg_underlying determinants can be criti-
cally important when policies are being considered for economic stabiliza--
tion or growth. Decisions to undertake investment expenditures are natu-
rally affected by such policy instruments as the tax structure and instru-

ments that affect the cost of capital. 1In fact, investment expenditures

are directly affected by the tax structure and the empirical results
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obtained in this study can facilitate a proper assessment of the
effects of changes in tax raté and the tax treatment of
depreciation allowances for invéstment expenditures,

Furthermore; a proper characterization of the time structure
of the relaticnship betﬁeeﬁ investment expenditure and its ﬁnder—
lying determinants is of crﬁcialrimportance in acsessing the
effeéts of changes in market conditions and tax rolicy cn investment
expenditures. It is important to Imow thre avefagevtime elapsed
between changec in the determinants of investment behaviour and
actual investment expenditures while the form of the lag must be
characterized aswell. This will provide policy makers with some
idea as to how precisely they must aim in the timing of their
policies. If changes in tax policy produce effects that are
distributed over long periods of time, the control over the timing
of policy measures need not be very precise. If, on the other )
hand, the effects are of a short duration the control over the
- timing of polic& measures has to be precise in order to .stimulate
the required investmeni expenditures.

This study covers six chapters. Chapter I.which is basically
introductory reviews some of the general problems of economic development
and appraises the extent to which capital formation and industrialization
may alleviate some of these problems. It then highlights some of the fiséai
incentives which the Nigerian government has been previding for indus-
trialization within the economy. 1In Chapter II, alternative theories of

investment behaviour are reviewed with greater focus on the Accelerator,
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Liquidity, Expected Profit and Neoclassical “theories. Chapter III
takes up the formulation of distributed lag models, their estimation

problems and the casting of the investment theories inte their

respective econometric forms for testing purposes, Chapter IV

| " undertakes the emprical tésting and discussion of the regression
_Tresults whereby alternétivé théoriés of invéstment behaviour
are ranked for'superiorityT In Chapter v, coﬁputations of average
lags, distributed lag coefflclents and comparative static analys:s
of investment behav1our are underiaken while the policy implications
deriving from them ars also discusséd. Finally, Chapter VI

swmarizes the study as well as its broad conclusions. and recom-

mendations.
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CHAPTER I

I'HE ROLE OF CAPITAL FORMATION

IN ECONOMIC DEVELOPMENT

Features of Underdevelopment

For a majority of the developing countries of which Nigeria is a
part, the desire to bfeak loose from the 'vicious cirele of poverty' can
easily be seen as a métive for encouraging industrialization which in
itself requires thai capital formation should proceed at a rate somewhat in
excess of the population growth rate otherwise additional population cannot
be provided with adequate capital equipment to further the exploitation of
- natural resources. Various definitions of underdevelopment haye been offered
by several authors. Vhile Samuelsonl focussed on relative per. capita income
differentials between the devéloped countries as a group and other countries
with far much less per capita income, Ragnar Nurkse, on the other hand, concen-
irated on capital and general resource endowment and suggested that,
- Underdeveloped countries are those which when compared with
advanced countries are underequipped with capital in relation to _

population, and natural resources.2

e s

P. Samuelson, Economics, 10th e&. MeGraw Hill, New York and London,
1976, p. 737.

R. Nurkse, Problems of Capital Formation in Underdeveloped Countries,
Oxford University Press, 1953, p.1.
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From +this perspective, therefore, the paucity of capital turns out

to be a major feature of an underdevelobed economy. In a more general

-

sense Griffin and Enos have characterized underdevelopment as:

... an all embracing condition of society-its social institution,
its political organization, and its economie characteristics.....
(which) include such phenomena as the coexistence of market and
predominantly self-subsistence economies. .., the underutilization
of resources..., the paucity of research and the multipiicity of
barriers to innovations, the adoption of techniques unsuited to
the resource mix of the country and the general failure to
synchronize interdependent activities. 1

" Based on the foregoing definitions, the main features of under-
developed economies can be summarised as: low per capita income, low level
of living, low level of productivity, é;cessive dependence on agriculture,
low rate of capital formation, primitive techniques of production, sharp

income inequalities unemployment and underemployment., : ",
underutilization of natural resources, dﬁalistic structureé,"etc.2 This
view of economic backwardness is ofien rationalized against the background
of the 'vicious circle of pdverty' which is expressible in two forms namely,
the supply side and the demand side. According to Nurkse, "on the supply
gide, there is a small capacity to save resulting from the low level of
real income. The low real income is a reflection of low productivity,
-which in turn, is due- largely to the lack of capital. The lack of capital

S o o R T .ot [ F

-lK.B.'Griffin and J.L. Fnos, Planning Development, Addison-Wesley

Publishing Co., London, 1970. p.4.

2A detailed analysis of these features can be found in B.X. Bhargava
and S.N. Mockerjee, Capital Furmation in Underdeveloped Countries ?
Problems and Prospects, Aviar Singh Datia, Prop., Detta Book Cenire,
Delhi, 1974, pp3.ff.




is the result of small capacity to save and so the circle is completel.

Nurkse went on further to suggest that "on the demand side, the
inducement to invest may be low because of the small buying power of the
people which is due to their low real income which again is due to low
productivity. The low productivity, however, is a result éf the small
amount of capital used in produetion, which in its turn may be caused at
least partially by the small inducement to invest."2

From thg forggoipg analysis, therefore, it can be inferred that the
most important singie effect of the vicious cirecle, is to constrict the
formation and accumrulation of capital in the developing countries. To
this end, labour-intensive as opposed to capital intensive occupations
tend to hold sway in those countries giving rise to low productivity, low
incomes and hence liméted purchasing powef. Unfortunately; the low rate
of savings due to low incomes also fails to genefate capital accumulation
at the required rate, But one could also argue in favour of the devéloping
countries, that domestic saving can contribute just a small portion of "the
investment capital needed for rapid growth, additional capital being expected
to come from the ploughing back of profits of existing manufacturing and
other undertakings. Indeed, in several industrialized countries, firms’
expansion depends critically upon the reinvestment of undistributed profits

even though the source of the initial investment might have been external to the

1R. Nurkse, op. ecit. p.5.

2Ibid For a refutation of this thesis of vicious circle see, P.T. Bauer,
Dissent on Development, Weidenfeld and Nicholson, London, 1971, p. 33 ff.
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economy. The role of foreign trade in the capital formation process has
also been quite significant. The exportatibn of primary products in the
past has been quite influential in helping tolfinance the importation of
machinery and equipment for use in nascent industries. The examples nor-
mally quoted in this regard include those of United States' and Canadian
grains, Auéfralian wool, Swedish timber and Venezuelan oil. Furthermore,
foreign investiment and in particular, ‘direct investment has actively played
a ;ole in establishing basic utilities such as the railways, electricity,
“etc., which provided the necessary 'Epringboards for industrial take off,

The preceding analysis has actually given a broad characterizaﬁion
of the underdeveloped world which infact represents a very diverse collection
of countries, There are, for instance, quite noticeableugﬁfferénces in the
rate of growth of total real incoﬁé and &f income per head on which bases one
could infer that some underdeveloped countries have indeed progressed much
more rapidly than others in the last threer decades or so.

'Y

There are important demographic differences too. These include dif-
ferences.in the growth rate of population as well as population density.
The phenomenal population increase in India since the beginning of the
19th century seems to have tappered off{ in recent decades while in some
parts of Latin America, the rates of increase have been rather high. Also

while some Latin American and African countries are sparcely populated,

China and India have recorded very sharp population densities.
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Variations also occur among underdeveloped countries in their
suitability for economic development or the rates of return which
doses of capital investment é;e likely to enjoy in those countries.
These differences can, of course, reflect differences in institutional
arrangements or in national resources or both.

The next two sections of this chapter are given to a further
examination of the issue of +the vicious circle in terms of the rol%

which industrialization and capital formation can play in breaking the

'shackles' of the circle in a development context.

Economic Development and Industrialization

The arguments in favour of industrialization as a means of
economic growth and development have been aptly summarised into four
by Kindlebergerl. First, developed countries have industrié; and,
therefore, underdeveloped countries can hope to develop by industrializing;
second, the-marginal value product of labour is higher in industry
than in agriculture so that national output will rise if workers are
transferred from agriculture to industry. This is, in fact the 'surplus
labour" argument advancéd by Arthur Lewis2 and 1ater‘extendcd by John Fei

3

and Gustav Ranis, Third, industirialization generates external economies,

whereas agriculture does not. Aspects of these economies will include

1C.P. Kindleberger, Economic Development, MeGraw Hill Kogakusha,

Ltd., 2nd ed, 1965, p, 213.

2W.A. Lewis, "Development with unlimited supplies of labour,"
The Manchester School, May 1954.

3J.C. Fei and G. RAnis, "A Theory of Economic Development,"
American Economic Review, 51 (Sept. 1961).
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training faéilities, demonstration effects in production and consumption,
and a rapid rate of ﬁrbanization. Fourth, agricultural transformation on a
commercial scale tends to depend upon industrial outputs like fertilizers,
farm implements, tfactors and so on. |

Of course, one can easily regard these as a naive view of the require-
ments of economic development. In fact, proponents of the balanced-growih
_thesis have argued repeatedly that the development process must entail the
ldevelopmen’t of agr%culture side by side with that of industry. The argu-
ment ﬁés been pivoted largely upon the consideration that the movement of
" farm labour to the cities will incfease urban population and its food
" requirements which, in the absence of &Esguised unemployment on the farm,
will entail acute food shortage for city workers especially if one further
assumes the non-interference of a !deus-ex—machina’ on the farms.

However, this fear of a conflic£ should not arise, Iﬁééed there is
no reason why rural labour should form the basis for pragmmatic programmes
. of urban industrialization. 'The cost of transferring workers from‘rural to
urban areas is.quite high both in terms of current exp enses on transport, and
capital expehditure on housing and infrastructures. Hence, there need not
'ﬁe any sharp dichotomy for economic planners between developing agriculture
and developing -industry. As a matter of fact, the industrialization of
agriculture itself may serve as the nerve-centre of an organic programme of

industrialization based on food processing industiries. This will be the

case owing to the advahtages often attributed to such industries,
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In particular, food transformation industries are very often small enter-
prises reqﬁiring modest-size capital, and generating little or no economies
of scale so that the optimum-sized plant can easily by established. These
further imply thdat a rapid dispersal of such industries, (with its atdendant
benefits), over-large geographical areas can easily be undertaken

through enterpreneural initiative or through public policy. Furthérmore,
these industries very easily provide a good source of seasonal employment
particulafly for the inhabitants of rural areas during the dead season thus
ensuring all»year;round employment for this group of wofkers. Consequently,
one can expect that a national industrialization programme can derive its
success from an agrarian reform as a point of departure, ﬁnd the attendant

- redistribution of income that such a reform nececessarily entails. In this
sense, too, industrial investment can easily complemént rather than be an
alternative to agriculture.

Opportunities also abound for developing industries whose output can
serve as inputs to the agricultural sector, Examples of such establishments
include those that can manufacture and repair simple agricultural tools
and implements. As technology advances, more intricate machinery and
ﬁetal using industries are then required to produce other things like
irriéation pwnps, and tractors, The production of. fertilizers,fuels and
other petroleum products for the agricultural sector’can then be taken up
eventually. From the foregoing, therefore, it seems clear that the conflict
oﬁe shoﬁld expect is really not between investing in agriculture or

industry but rather over the decision as to the desired composition of

T P T S
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output such as producing consumption goods for home markets, produ-
cing investment goods and, or, export goods.

A number of studies have been conducted by Jorgenson,1
Kuznets,2 Chenery3 and others to demonstrate the relatiénship between
industrialization and economic development. Specifically, Jorgenson
argued that, "the process of economic development may be studied as an
inerease in income per head or as an increase in the role of industrial
activity to that @n agriculture".4 Some. of the problems with this view,
‘howeéér, include the fact that only one objective of economic development,
that is, increasing income per head, is mentioned, plus the fact that it
discusses growth in terms of the dichoggmy between agricultural and
industrial development, the weaknesses of which have already been noted
above;:finally, the additional problem of causation of whether economic
development precedes industrializatibn and vice versa. In‘a}der to
tackle this problem and to ascertain particularly the exient io wnich

industrialization has in practice aided development one can turn, for

example, to the empirical findings of Hollis Chenery.5 The study

1D.W. Jorgenson, "Surplus Agricultural Labour and the Development of
a Dual Economy", Oxford Economic FPapers, Nov. 1967,

28. Kuznets, "Quantitative Aspects of the Economic Crowth of Nations II.
Industirial Distribution of National Product and Labour Force,” Econcmic
_Development and Cultural Change, July 1957 supplement.

3H.B. Chenery, "Patterns of Industrial Growth," American Economic
Review, Sept., 1960.

4

Jorgenson, op. cit, p. 288.

5H.B. Chenery, op. cit. cited by Griffith and Enos, op. cit.-
p. 142 ff.
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which aimed at discovering the changes in the composition of national
output that can likely occur in the growth process of the economy, given
constant trading conditions é;dﬁtechnology, utilize& the tool of multiple
regression on c?oss section data for more than fifty countries. The
findings are ih two categories, namely, those highlighting trends in the
pattern of output and those that discuss the changes taking place within
the manufacturing sector as per capital income increases. Chenery found
that the share of industrial output in national income, i.e. mamufacturing
‘plus construction rose from 17 per cent at a per capita income level of
£100 (N64)1 to 38 percent at a level of 1,000 (N640). When considered alone
the share of manufacturing rose from 12 to 33 pefﬁent while that of primary
produ¢tion (i.e. agriculture plus mining), declined from 45 per cent to 15
percenf over the same income range. h

Turning to the =dditional effect of indusirizlization orn the changing
composition of manufacturing output, Chenery found +that, asswting a popula-
tion of 10 million and a per capita income of £100 (XH64), 68 per cent of
mamufacturing output will consist of consumer goods, 20 per cent interme-
diate goods (petroleum products, chemicals, ete.) and 12 per cent investmeni
goods (transport equipment,_machinery, ete. ). A sixthfold increase in per
capita income to 2600 (K384) changes the composition of manufacturing
output in the following direction: 43 per cent consumption goods, 23 per

cent intermediate goods and 35 percent investment goods. This analysis

implies that increasing per capital income over the range indicated will

1This conversion is undertaken at the current rate of exchange of
Nl = U.S. 81.56
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raise the share of investment and related goods by 192 per cent, and
decrease the share of‘consumer gocds by more than 35 per cent. One can
really observe the operation of Engels! law in this analysis, namely,
that as income increases above.é éertain minimum the consﬁmption of food
decreases as a percentage of income which necessitates altering the pro-
duction structure in favour of increasing the quantities of industrial
gooas vis-a-vis consumption goods. Engels law actually operates through
‘the low income elasticities of the demand for food.

In a later afticle, Chenery and Taylor1 followed up the abov;
‘analysis of patterns of industrialization by examining a sample of 54 developed
and underdeveloped countries under three broad groupings: (i) large couniries
whose population exceed 15 million- (ii) small countries that primarily export
manufactured goods- and ({iii) small countries that concentrate on the export
of primary (Agricultural or mineral ) commﬁdities. The study.fbund that both the
countries in groups (1) and (ii) exhibdited similar behaviour while those in
~group (iii) that are primary oriented behaved somewhat differently. In
particular, fof the large countries, the share of industry increasea rapidly from
16 per cent 6f GNP at a per capita income of $100 (H64) to 32 per cent at |

3400 (N256). After this a much slower increase was observed until a peak share

of 37 per cent was reached at $1,200 (N768).

1H.B Chenery and L. Taylor, "Development Patterns Among Countries and Over
-Time," Review of Economics ang Statistics, November, 1968,

o
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As for the third group the share of primary production fell from
about 50 per cent at a per capita income of $100 (864) to 30 per cent at
3500 (¥320) Whl]e the share of industry rose marglnally from 17 per cent
to 19 per ceﬁl over the same income range. For this third group primary
Production experienced a slower rate of decline in GNP so that agriculture
and mining remained more important than industry as income ranged to about
3800 (ﬁ$l2).

A further examination of the sample data showed that 39 of the 57
countries were underdeveloped with per capita income below $600 (6384),
Fourteen of the thirty nine countries were small primary producers for whom
primary acitivities might continue to be more impertant than industrializa-
tion.‘ Conversely, one would expect the remaining 25 unde;déveloped countries
to be able to benefit from industrialization by capturing the effects of large

economies of scale attributable to their rather extensive domesric markets or

- through specialization and trade based on their comparative cost advantage.

In practice, several patterns of industrialization have been witnessed.
Writing a few years later than Chenery and Taylor, Cukor observed first of
all the main tendencies of changes in the internal structure of industry to
be as follows: 'heavy industry usually grows quicker than light and food
industries. In the course of growth, first metallurgy and engineering were

the dynamic branches—-metallurgy later increasing, though slowly~—and the

. . . ' . 1
' chemical industry has finally become the most dynamic branch."” He then went

on to discuss the deviations frem this general scheme on an intercountry basis.

1G. Cukor. Strategies for Industrialization in Developing Countries,
C. Hurst & Co., London, 1974, p. 180 ff,
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When industrialization begins, the 'leading sector' naturally
differs from country to country. In the case of England, the textile
;ndustry was initially the leading sectof yielding grouﬁd to machines
building and transport which became the most important branch
of exports later., In Germany, textile did not take off owing to
stiff competition .from British textile indusiry but engineering to serve
railway construction experienced such rapid devélopment to become
si%nificant export branch.

In_the socialist countries, the proceés of industrialization
led initially to a fast development of heﬁvy industry ﬁotably metallurgy
‘and engineering. In Hungary, the share of-heavy industiry was 70.5 per cent
in 1964 of which engineering was 32.1 per cent, For some of the other deve-
loped countries, the share of engineering in‘thé same year was 15.) per cent in
Ireland, 14.3 in Greece, 21.0 in Auéfria, 34.5 in West Germany, .and 36,0 in the
U.K. By 19761, the share of engineering remained the same for Hungary, rose

marginally for Ausiria, and fell marginally for others.

Invesiment and Economic Growth

The literature on economic development2 explicitly recognises

the role of investment as a key factor_ﬁetermining the growth rates

1See, World Bank, World Development Repori, 1980, Washington, D.C.
August 1980, p.121.

2See for example, A.K. Cairncross, "Reflections on the growth of capital and Income,”
Scottish Journal of Politicel Economy,.June 1959; "The Contribution of Foreign

and Indigenous Capital to Economic Development", International Journal of

Agrarian Affairs, April 1961; W.A. Lewis, The Theory of Economic Growth, Homewood
1955; 3.P. Schatz, "The Role of Capital Accumulation in Economic Development,™
Journal of Development Studies, October 1968.
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of various sectors of the economy and of the national economy as a
whole. Thus in the process of economic plaﬂning, after estimating the
current rate of savings the next question of interest is the amount of
Tiet natiénal output which may be expectéd from the investment that
is to be made on the basis of the estimated savings. Several studies have
been conducted on the amount of capital required to raise output
by one unit per annum in each sector of the economy and for the entire
economy. ThisA variable of'ten called "ecapital-output ratio" or "capital
coefficient" features prominently in the basic Harrod-Domar model1 as
shéwn in the relation, g = s/k¥ where g is the percéntage growth rate of
the economy, s is the percentage of the national income which is saved
and devoted to investment and k¥ is the incrementél capital-out-put ratio
(ICOR). Thus, the growth rate can be increased by increasing the rate
of investment or by decreasing the ICOR.

In an industrial country an investment of N100 may lead teo an
increase in national income of N33 a year yielding a capital output ratic of
3:1. This implies that an annual investment of 12 per cent of national
income should result in an anndal increase of about 4 per cent in the
national income. While this estimate of the ICOR accords well with observed

behaviour in advanced countries estimates computed for developing countries

-1See Evsey Domar, "The problem of Capital Formation" American Econormic Review,

December 1948. pp. 777-94; "Economic Growth: An Econometric Ap proach,™
American Economic Review, Papers and Proceedings, May 1952. pp. 479-95; R.T.
Harrod, "An Essay in Dynamic Theory," Economic Journal, March 1939. For some
criticisms of the capital outnut ratlo, See G.M. Meier, Leading Issues in
Econémic Development 3rd”ed. Oxford University Press, ‘Hong Kong. pp. 169-179,
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are generally much higher anduef. the order of 411, Thus§ Vhe 'capital -output
ratio of 3:l.on which’'India'é first Five Year Plan wes Besed-turhedvout to
be an underestimate. Hence underdeveloped countries thaf charécteristically
saved as low as 5 to 6 per cent of their net national incomes annually,
ébviously needed to drastically raise this proportion towards 12 to 15 per
cent (as recorded for developed countries) consistent with their population
growth rates in order tb really launch themselves into the "take off"
~stage. VWhen capital formation in under-developed countries was so low and had |
failed somewhat to keep pace Wwith pepulation growth then, with a capital-
output ratio of 4:1, the investment rate of 5 per cent out of net national
income was only sufficient to sustain a population growth raté of about
1.25 per cent at the current level of income. This‘implied that a higher rate
of population iﬁcrease and highér standards of well-being could only occur
if the rate of investment was pushed higher.-

A bird's eye view of the gap between the rates of investment in some

developed and developing countries is provided in Tables 1 and 2 below:

lFor' further details, see, World'Bank, opeit, pp. 118-119.
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] TABLE 1

Rates of Investment in Developed Countries

Countries #Investment

1960 1978
Australia _Eg_i -E;;
Canada 23 23 )
West Germény 2/ T22
Japan 34 . 31
U.S.A. . 18 19
U.K. 19 19

TABLE 2

Rates of Investment in Underdeveloped Countries

Countries % Invesiment
1960 1978
Rwanda 6 10
Bangladesh 7 12
Uganda 11 4
Egypt | 13 28
Nigeria 13 30
Venezuela 21 40

In 1260, the p roportion invested out of GDP by the developed countries
ranged from 18 to 34 per cent compared with é to 11 and 13 to
21 for the low income and middle income countries respectively.

By 1978, the proportion had declined marginally to a range of 19 to
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31 per cent for the developed countries, 4 to 10 per cent for the
low-income countries, and improved gignificantly 1o belween 28 and
40 per cent for the middle-income countries. -Cénséqﬁently, while
rates of investment over the 1960-1970 decades have remained
depressed for some developing countries vis-a-vis the deQeIOped
countries, other developing countries recorded rates of investment
that either equalled or greatly surpassed those of the developed
countries.

Some statistical evidence about the influence of capital
formation on economic growth is provided by P.J. Lund.1 Specifically,
Lund observed that, after steadily increasigg to over 30 per cent
the ratio of her gross domestic fixed investment to the GNP during
1950-1966 Japan achieved an annual rate of growth of GNP of 9.3
per cent. The United Kingdom and United States of America which, on the
other hand, invested much less than 20 per cent of lheir GNP consequently -
chieved lower growth rates of 3 and 4 per cent respectively. This
analysis is even_carried'a stagé further by Denison and Poullier2 who
tried to measure the relative contributions of twenty three differcnt
factors (including, the capital input from ‘residential structures and equipment')
to"the;reéérdedZgrowthﬁofcninewWestern countries:. It was-observed that this

. e e e .. W o- - . .
R . T o % S T I
A A A O O T Wt LN

1See P.J. Lund, Investment The Study of an Economic Aggregate, Ollver

and Boyd, Edlnburgh 1971, p.17.

‘2E F. Denison and J.P. Poulller, Vhy Growth Rates Differ, Postwar,
Ixperiences in Nine Western Counitries, The Brookings Institution

Washington, DC, 1967, cited by P.J. Lﬂnd, ibid.
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capital input factor contributed betwee£ 9 and 20 per.cent to the growth
rates of those countries. The significance of this factor even appesrs
to be further enhanced by the fact that out of the twenty three sources
of growth in the countries examined, tﬁe influence of capital was most
dominant in Norway, foliowed by Germany, Deﬁmark, Netherlands. France,
Belgium and the United States in that order. It may alao be mentioned
that .one other important source of growtﬁ after the‘capital input
lactor was 'advances of knowledge' and this finding also gains considera-
ble emphasis in the study by Thc;mas1 where he showed that a-labour
surplus economy such as Nigeria could very well improve the effectiveness
of éapital investment through "learning" fhereby lowering its‘ICOB and
raising productivity gains, L p—

Much as capital input has been showm to be an important source of
economic growth the choice of technique nevertheless poses an important

problem for developing countries whether in terms of the choice bétween

labour-using and capital-using techniques or between small-scale, light and

heévy industries. In general, 1abdﬁr intensive production is often
identified with smal} or medium-sized plant operations capable of
producing 'light'! consumer goods while cap}tal intensive preduction
orients toward lérge scale industrial output of heavy machinery or
capiéal goods. Thus,. iron and steei works, power plants and oil |

refineries require large capital investments though offering little

1See D.B. Thomas, Capital Accumulation and Technology Transfer:
A Comparative Analysis of Nigerian Manufacturing Industries, Praeger
Publishers, N.Y., U,S.,A. 1975,
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employment but often times guaranieeing high output per worker. On the
other hand, activities such as rice milli%g, manufacture of footwear,
galvanising ete., are often organised on a comparatively small-scale
basis and thus requiring lower capital investment while guaranteeing
increased employment. The choice between-these policies in a particular
country may sometimes reflect the relative factor endowmeﬁts of the
éountry concerned and at other times, its foreign trade position which
may, for example, permit a 'labour surplus; econony 1o éxchange its
foreign surplus for capital imports.
! Various development plans in the past have cleafly indicéted broad
areas for investment emphasis. 1In the case of the United Arabie Republic
(U.A.R.) for example, the development plan ﬁrovided for a faster growth
in industry than in Agriculture and; within industry itself, a faster growth
in heavy than light industry. Similarly, the Philippine government in its
five year plan 1962-67 allocéted roughly one-third of total planned
investment to industry of which 57 per cent was for the production of
ferrbus and non-ferrous metals and for the engineering and chemical
industries. On the o£her hand the pléh of the Ivory Coast placed primary
emphasis on Agriculture followed by energy production and mining while
manufaciuring deﬁelopment was only to play a complementary role to
agricultural development. Although India emphasized basic heavy 1ndustrles,
the cottage and small-scale 1ndustr1es vere in no way neglected owing teo

their labour-using and so capital-saving advantages vis-a-vis large industries
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coupled with-the ease of dispersal for small-scale venturesl.

After all is saiﬁ and done, it should be mentioned that capital aleone
‘will perhaps not do the trick of development or of rapid industrial growth.
Professor Kindleberger even posed the same problem by askiﬁg the question:
"Is capital formation the key to economic development?"2 -In providing an
affirmative answer to this question, he argued. that capital can substitute
for resources including labour, and, also with a given capital--output
fatio more output tend to derive from capital formation. However, as he
furthermargued, capital formation is necessary but carmot solely explain
economic development for three feasdns. First, the"take of " of a country
}rom being a 5 per cent to a 12 per cent _;aver is often but not always abrupt
thus requiring- one to find other explanations beside models of geometric
growth whereby capital induces growth in income which generates new additions
to capital. Second, the growth process-itself tends to proceea at rates
which far exceed those that can be explained by capital formation process
alone- and third, as economic growth gathers momentum, the rate of cgpital
formation tends to level off and one needs to explain this by some other

theory different from-the one that ascribes a prime position to capital.

Indeed; capital is but oné of « humber of -egonomic.fattors that combine
. N : A . : -y oL T - It -

with social, political,” and cultural’ forees to bring about the changed:
N o B R U, A e Cay

ihHerent in economic grbwth and development. -

1Fbr details about these and other thirty countries on this issue,

see G.Cukor, op. cit. pp. 134 ff; I, Orchard,.'Industrialization in
Japan, China mainland and India,' Annals, Assoc. American Geographers,ui
(1960) pp. 193-125; and J.N. Bhagwati and P. Desai, India Planning for
Industrialization and Developing Countries, Autchinson & Co. Ltd.,
London, 1975, pp. 163 and 190. :

2P, Kindleberger, op. cit. p. 101
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With the precediﬂg analysis of the conditions of under-development,
the role of industrialization in the growth process and the further role of
capital formation in the process of industrial and general economiec growth,
it becomes pertinent to discuss fairly briefly trends in Nigerian capital
formation over the last two decades and also review some of the fiscal
incentives which government has provided for the encouragement of indus-
trial growth in the economy,

Trends in Capital Formation in Nigeria

¥hen measured against the rates of investment reported ir Teble 1 & 2
for developed and less-developed countries falling in the ranges 15 - 25
and 8 - 12 per cent annually one may be led to infer that capital formation
in Nigeria grew rather impressively during the period 1958/59 to 1976/77.
Cn aﬁ.annual average basis over the pericd 1958/59'to 196Q/61 gross {ixed
investment (GFI)} constituted 11 per cent of gross national product (GNP) in
current prices.l By the period 1973/74 to 1976/77 which ;oincided with the
expiration life of the Second National Plan and the beginning life of the
Third Plan, the GFI showed a remarkable growth to an annual average of
23 per éent of GNP. -

As one shifts attention to the distribution of the GFI, the picture
becomes equally as impressive as the growth which has just been discussed,

The major divisions of gross fixed capital formation are between buildings,

other construction except land improvement, and machinery and equipment.

1The data on capital formation used in this section have been obtained
from the following sources IBRD (1974), Nigeria Options for longterm
Development, John Hopkins Univ. Press, Baltimore; FMED, Second National

Plan (1970 - 1974), Lagos, 1975, and Third National Plan (1975 - 807,
Lagos.
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The share of aggregate investment in residential and non residential
housing construction has assumed a declining trend since the fiscal year
1958/59. 1In specific terms:.tﬁis‘sector accounted‘fof a -preponderant 34
per cent of gross capital formation during 1958/59 to 1962/63 which it
successfully maintained into the period of the first development Plan but,
however, lost control of owing to the political disturbances begimming in
1966. Hence, the-share of this sector in total investment averaged 27.5
per cent annually from 1966/67 to 1970/71 and fell t§ 25.4 per cent in the
later period 1970/71 to 1973/7. '

By contrast, the behaviour of investment in other types of constuc-
tion activity has been quite impressive averaging about 20 per cent of
the total during the five year period 1958/59 -to 1962/63. - Although this
proportion declined marginally to an average of 19.4 percent from 1962/63
1o 1966/77, investment in the sector picked up rapidly to an average ievel
of 27.8 pér cent during the war period and then to a significant 35.1 per
cent in the post war period of the Plan for National Reconstruction and
Development, namely, 1970/71 to 1973/74.

Investiment in 1énd improvement has also pursued a course similar to
that of housing investment. More specifically, capital formation in land
- improvement declined with significant jumps from an annual average ratio
of 13 per cent during the period 1958/59 to 1966/67, to 8.1 per cent during
the war pericd and, to a trough of 3.0 per cent in the period of National

Reconstruction.
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The proportion of investment in transport equipment in aggregate
capital formation has been on the upwa}d trend. Thué, at a level of 7.4
per cent in the initial phase of analysis, capital formation in this
sector progressed to 9.2, 12.8 and 14.6 per cent of the total in the
respective suﬁperiods of our analysis. Along with non-residential construc-
tion, the pace of investment in this sector has been quite noticeable.

The share of total investment taken by machinery and equipment has
been steady, more or less, during the entire observation period which 1s
probably explained by the relatively short-dated ekistence of most manufac-
turing industries in Nigeria and hence a much reduced rate of actual
capital depreciation and replacement, and also the uncertainties for
capital investment dictated partly by political events such as war, or the
fluctuwations in public policy. Henpe, the rate bf investment in-machinery
and equipment stood at an aﬁnual average level of 24 per cent of the total
over the observed period immediately preceding the war, dropping marginally
to 23.8 per.cent later to reflect was conditions, and plummetingﬂfinally 1o
.21.9 per cent in the period 1970/71 to 1973/74 to reflect the business
sector's reaction-to the implementation of the indigenization policy of

the government.

Fiscal Incentives For Industrial Development in Nigeria

Since about 1957 when the Nigerian governmeni seems to have taken

active interest in a programmed growth of industries in Nigeria, this
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interest has been reflected through various legislative policies and
other physical actions of the governﬁent. The most relevant of these
for our purpose is the set of fiscal incentives that have been provided
which have their origin in the four Acts of parliament passed in 1957, 195¢
and 1959 namely, the Industrial Development (Import Duty Relief) Act 1957;
theIndustrial Development (Income Tax Relief) Act 1958; the Customs Duties
(Dumped and Subsidized Goods) Act, 1958; and the Customs { Drawback)
Regulafioné, 1959, Under the income tax reliefl act,_a company which has
been granted a pioneer certificate could be exempted from tax for a period
ranging from two to five years depending on.the-amounp of capital
invested but not less than H10,000, It has been estimated that between 1932
and. 1967, a total of 60 industries had been declared pioneer while about 140
companies received pioneer certificatesl. | -

On the other hand, the Import Duty Relief Act permitted a firm to
claim relief up to 100 per cent on duties paid for its raw material imports
and indeed, under the Approved Use;s Scheme‘,2 a firm that is approved in
that behalf only needs to pay its concessionary duty on raw material imports

without having to tie down its working capital unnecessarily.

1The literature on the Nigerian fiscal incentives is fairly rich but
see, for example, P.C. Asiodu, "Industrial Policy and Incentives in Nigeriz",
The Nigerian Journal of Economie and Social Studies, vol.9, No.2 July,

1967, pp 161 - 174 and A.O. Pnillips, "Nigeria's Tax Incentives Policy:
Recent Developments and Future Perspectives"™ in O. Teriba & M.0O. Kayode
(eds) Industrial Development in Nigeria, Ibadan Univ, Press, 1977, pp 348-
363. '

1. 8ee P.C, Asipdu, ibid, July 1967
2. This scheme was however abolished in the 1972/73 budget
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The Customs Duty (Dumped and Subsidized Coods) Act permitted the

government to charge additional dﬁties on specified imported goods if

such gocds were being dﬁmped or subsidizéd by the government of the

1 exporting country. The corrollary to this legislation which aimed at

encouraging export industries was the Customs (Drawback) regulation

whereby a local manﬁfactﬁrer coﬁld claim'duty drawbacks or refunds of duty

paid on imported materials used in the manufacture of export goods.
i ‘Further fiscal incentives for industrial development were provided
in the‘Company Tax law. Both initial and annual capital (depreciation)
allowances were provided to enable_firms’quickly wrife of ' their capital
 investment within a short time. It was indeed possible, priof to the
revigsion in October 1966; for a firm to write off as much as 70 per cent
of a commercial vehicle during the first year. While the revision ?n
1966 was undertaken in favour of mihing expenditure vis-a-vis plant
expenditure so as to allow the.depressed state of the tin mining industry
to be revamped, the revisioﬁs_undertaken in 1970 were meant to favour
‘plantation expenditure as part of a package deal to rescue agriculture
from its worsening position; and to assist in the reconstruction of
damaged productive assets in the war affected areas. From this brief
review of the changes in initial and annual capital allowances one can

easily see the way by which these allowances were being used as a tool

of industrial and general development policy.
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In order to assess the role of tax incentives for investment and
the promotion of industries in Nigeria 'a number of studies have been
carried out notably by May, Hakam, and Phillips. . After observing from
his study that & out of the 26 British companies operating in Nigeria
believed that the tax incentives were important, May concluded that
"The generous tax incentives ...... appear to have had only a marginal
effect."l In his own survey, Hakam found that only 16 per cent of his
respondents selected fiscal incentives In theéir choice of Nigeria
over“other countrieé and thus concluded that "the incentives were not
as significant as they would appear to be ..... (and that) tax incentives
have been less of an attraction and more of a condition to be fulfilled
before an investment is made."2 Indeed one can easily see a ‘dichotomy
here between tax ineentives being less of an attraction and their-being
a condition for invesiment to be undértaken.

The evidence from Phillips' survey suggests that out of the 41
responding companies, as many as 35 ranked the incentives to be of second
or third importance in their investment decision process while no
B respondent.ranked this factor least. This result tends to illuminate on
the resulis earlier presented by May and Hakam and consequently led

Phillips to conclude, even though with less vigour than his data would

1R.May, "Direct Overseas Invesiment in Niperia: 1953—63,” Scottish
Journal of Political Economy, vo,. 12, Nov. 1965, p. 253.

2A.N. Hakam, "The Motivation to Invest and the Locational Pattern of
Foreign Private Investment in Nigeria," Nigerian Journal of Lconomic
and Social Studies, March 1966, p.55.
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Seem to haVe indicated, thét "while the incentives may not be erucial,
they are nevertheless of some importance}

These pieces of evidegée; though not conclusive, certainly
suggest that the fiscal incentives have had a role to play in the
investment dé;ision of the companies operating in Nigerian manufacturing
industries. Since an integral aim of this study is to throw light on
the role of tax incentives on investment spending, we examine this
problem empirically in Chapter V of this study by assessing “he effects
of changes in tax rate and the tax treatment of depreciation allowances
on investment expenditures. Meanwhiié, however, we present in the

next chapter a review of the theories of investment which are later

tested on data for selected industries.

1A. 0. Phillips, "The significance of Nigeria's Income Tax Relief

Incentive," Nigerian Journal of Economic and Social Studies, vol.II,
- No. 2, July 196G, ) '
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CHAPTER II

THEORIES OF INVESTMENT

The preceding chapter has examined the role of industrialization

during the process of economic development and the further role of capital
formation in the process of industrial and general economic growth. Fur-
theripore, trends in Nigerian capital formation were briefly reviewed
followed by a discussion of the tax incentives proyided for business invest-
ment in Nigeria and, an assessment of available survey evidence on the role
of such incentives in stimulating investment spending. The preseni chapter
now examines more critically the determinants of business fixed investment
expenditures in a théoretical setting thus providing the bgé%ground for
the subsequent formulation and implementation of specified models on the
Nigerian data at the level of individual manufacturing indusiries. -

Business fixed investment is indeed influenced by several factors.
The expectation that existing markets will widen with population growth, or
that new markets may be discovered sooner or later often lead businessmen
td expand their existing level of plant, equipment and structures. Tied to
this, of course, are other considerations such as profit expectation, which
also depends on the market demand for the goods to be produced and their
probable cost of production. Once it is decided to finance new capital
equipment the rate of interest enters the investment decision either as a
cost of capilal or as the opportunity cost of using internal funds.

Furthermore, various quantifiable and nonquantifiable factors enter into

play including the stability of the political climate, changes in government

]
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tax structure and general fiscal policies, the rate of inflation and
other factors which may affect the expected level of investment.

" 'Survey of Issues

In this chapter, attention is focussed on one of the most contro-
. versial areas iﬁ the economics literature so far which may be described
as cépital theory. While the development of a theory underlining busi-
ness investment behaviour has provoked sharp disagreements among varidbus
theorists, the empirical implementation of the theories aerived has pro-
duced no less conflicting results. A cursory review of some surveys1 of
empirical tests and findings indicates that theée disagreements have their
root causes in four main issues:

(i) the determinants of the desired level of capital;

(ii) the relationship between changes in the demand for capital

services and investment expenditures;
(iii) the time structure of the investment process; and

(iv) the nature of replacement investment,

. Taking these issues one after the other one finds for instance that
alternative econometric models of investment behaviour differ in the

determinants of the desired level of capital. In the rigid accelerator model of

1. For example, a review up to 1953 was given by J. Meyer and E. Kuh, The
Investment Decision, Cambridge, Mass., Harvard Univ. Press 1957. Another
review up to 1960 was presented by R. Eisner and R.H. Strotz, "Determinants
of Business Investment," in Commission on Money and Credit, Impacts of
Monetary Policy, Prentice Hall: Englewood Cliffs, N.J., 1963, A fairly more
recent survey is that of D.W. Jorgenson, "Econometric Studies of Investment

Behaviour: A Survey", Journal of Economic Literature, 9, 4, 1111-1147, 1971,
See also, J.T. HelliweIT {ed) Aggregace lnvestment, Richard Clay (The Chaucer

Press) Ltd., Bungay, Suffolk, 1976, for more recent controversies in the
Literature.
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Clark1 and the flexible accelerator model of Chenery and Koyck, desired

capital is proportional to output. In alternative models of investment

behaviour, desired capital depends on capacity utilization, internal funds,

the cost of external finance and other variables. The latter variables have

. . . . 2
been associated with the theories of finance of Duesenberry and Meyer and

iKuh3 and of Modigliani and Millera. These determinants of the desired

: . . . . 5 6
’stock_of capital are common to the empirical studies of Eisnmer™, Grunfeld ,

Jorgerison and Siebert7, and Kuh8 undertaken both at the level of individual

" firms and for industry groups and employing annual observations.

4

l

J.M. Clark, "Business Acceleration and the Law of Demand: A Technical
Factor in Economic Cycles," Journal of Politiecal Economy, March 1917,
25(1) pp. 217-35.

J.S. Duesenberry, Business Cycles and Economic Growth, McGraw Hill, New
York, 1958,

. J. Meyer and E. Kuh, op. cit,

F. Modigliani and M.H. Miller, "The Cost of Capital, Corporation Finance

‘and the Theory of Investment,' 'Amer. Econ. Rev., June 1958, 48(3)pp 261-

97.

R. Eismer, '"Realization of Investment Anticipations" in J. Duesenberry,
G. Fromm, L.R. Klein and E. Kuh (eds) The Brookings Quarterly Model of
the United States. Amsterdam: North Holland, 1965.

Y. Grunfeld, "The Determinants of Corporate Investment” in A.C. Herberger
(ed) The Demand for Durable Goods, Univ. of Chicago Press, Chicago, 1960.

D.W. Jorgenson and C.D. Siebert, "A Comparison of Alternative Theories of
Corporate Investment Behaviour," Amer. Econ. Review, Sept. 1958, 58(4)
pp. 681-712; and "Optimal Capital Accumulation and Corporate Investment
Behaviour,'" J. Polit. Econ., Nov-Dec. 1968, (76)(6), pp 1123-51I.

E. Kuh, Capital Stock Growth: A Micro Econometric Approach. Amsterdam:
North Holland, 1963. .
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To be more specif@c; we could consider four major theories that
have gained popularity so far which include the Accelerator, ;he Liquidity,
Expected Profit and the Neoclassical tﬁeories. If K& is taken to represent
the level of desired capital, we then find that in the Accelerator
theory of investment desired capital is specified as,
Kt =aQ, ' - (2
where Qt is current output and o is the desired capital output ratio. In
the case of the Liquidity theory, desired capital, Kz, is specified as,

K_; :aL‘C . {(2)

‘where Lt measures the flow of internal funds available for investment, and

¢ is the desired ratio of capital to the flow of interna} funds. The

Expected Profit theory of investment relates desired capital to the market

value.of the firm as a measure of profit expectation in the following way:
K. =V, o @

vhere Vt measures the market value of the firm and g is the desired ratio

of capital to the market value of the firm. Finally, in the Neoclassical

theory of investment, the specification for desired capital is,

K, =o Pl )
: o )
where ¢ is the elasticity of output with respect to capital input, pt is

the.price of output, Qt is output and c, is the price of capital services.

It should be remarked however that the preceding summary of
alternative specifications of desired capital is simply given as a preview
for ease of exposition and comprehension. The rationale for each specifi-
cation is, therefore, delayed and treated later in this chapéer under each
appropriate theory of investment. Meanwhile we consider the other controver-

sial issues in the studies of investment behaviour.
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The.second. issuc, the relationship between changes in the demand
for capital services and investment expenditures, has been examined with
reference to the flexible accelerator model of investment originated by
H.B. Cheneryl, énd L.M. Koyckz. Although the model has been gradually
modified and extended under the impact of new empirical findings, its
basic outlines have found substantial empirical support. Thus, if K
represents actual level of capital and K* its desired level, capital is
then adjusted toward its desired level by a constant proportion of the
‘difference between desired and actual capital,

K.o-K = (-2 K -K_;)~ ' _ &)

t t-1 1

Now, using accounting definition, the changé-in capital from
perioa_to period is equal to gross'investment less replacement invest-—
ment. While the flexible accelerator provides an explanatioﬁ of change
in capital it is totally silent on the issue of gross investment. Henrce
one may transform the flexible accelerator mechanism into a complete theory
of investment behaviour by adding a specificétion of the desired level of
capital and a model of replacement. -

Under the assumption commonly employed in empirical work that replace-

ment investment follows a geometric mortality distributien, the change in

capital stock may be written:

1. H.B. Chenery, "Overcapacity and the Acceleration Principle," Econo-
metrica, Jan. 1952, 20(1) pp. 1-28. :

2. L.M. Koyck, Distributed Lags and Investment Analysis, North-Holland,
Amsterdam, 1954.




r =71 5K
K ~F | | )

where I is gross investment, & is the rate of replacement, a fixed constant
and K is the actual capital stock. Combining this -identity (§) with’
the flexible accelerator model of net investment (5), we obtain & model of

investment expenditures following Jorgenson, ' -

I, = (L -2) (R* - X__.)
t t t=1’ + GKt_l 0<A<1 7)

where K* is desired capital stock and (1 - A) is the coefficient of

adjustment.

Again, alternative econometri¢ models of investment behaviour differ

in the characterisation of the time structure of the investment process with
the basic premise that desired capital is determined by longru; considerations.
In the flexible accelerator model of Chenery and Koyck, the time structure of
the investment process is characterised by a geometric distributed lag functiom..
~Thus, from (5) we have,
= - f_o -1 O<Ael O @)

Hence, actuval capital is a distributed lag function of desired capital with

geometrically declining weights.”’

1. D. W. Jorgenson, "Econometric Studies ...." op. cit.

2. It should be.noted..that’ the. average lag of adjustment in this model is
%/1-)) indicating the average. time required for a.change in desired
capital which continues. indefinitely to be translated into - = _

a chdnge in actual capxtal ‘stock.  The adjustment mechanism- 7
underlying the flexible accelerator may in fact be lnterpreted as a
result of gestation lags. Alternatively, one may view it as resulting
from an expectation formation process or both results may be operative.
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The characterisation given in equation (8) has been modified first by

Chenery so that desired capital is proportional to lagged output. Koyck also
"modified the geometric distributed lag function so_that the first weight may
be determined as a separate parameter with successive weiéhts declining
geometrically,

- - ¥ aTks .
K, =0 K: + (1 a) (1 A);E é K;“I;a _ (9)

Further modifications of the geometric distributed iag function are also
|
%ossible, if additional weights are allowe§ to be determined as separate
parameters or if deéired capital is made a function of-the lagged values of
its determinants.

In the studies by Jorgenson and SiEBertl the version of‘the flexible

accelerator employed treats net investment as a distributed lag function of

changes in desired capital, that is, .

- = * _g* . . 10
I, -6k __ = W) (Kf -K¥ ) (10)
where (@) is a power series in the lag operator 8 such that

u(@®)="uo + U, 8 + 1 62 + | 93 4 ieneaan e

' 1 2 3 ) ’ :
and Gxt =Xy for any sequence {xt}

The weights associated with changes in desired capital are approximated by
fhe weights in a rational distributed lag function. This class of distributed
lag functions includes. the geometric dist;ibuted lag function and generaliza- -
tions of it proposed by Koyck as special cases. Empirical evidence from
studies based on the geometric distributed lag funection of Chenery and

Koyck has suggested in Jorgenson's survey article that the resulting

estimates of average lags are biased upward

1. Jorgenson and Siebert, op.cit.
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quite substantially. However, rational distribﬁted lag functions
employed by Andersonl, Hickmanz, Jorgenson and Siébert3, and
Jorgensen and Stephenson4 have been shown in the same survey article
to produce e;timates of the average lags that are consistent with
survey evidence on the lag structure.

The fpurth issue which we examine is replacement. Most studies
that include replacement investment explicitly employ the geometric
mortality distribution for investment goods_with the exception of Evan's
study of investment by industry grodgé. The géometric mortality
distribution both implies that replacement is ﬁroportional to capital

stock and that capital is a weighted sum of past gross investments

with geometrically declining weights. Eisnerﬁ, Crunfele-Jorgenson

1. W.H.L. Anderson, Corporate Finance, and.Fixed Investment: An Econome
tric Study, Div. of Research, Grad. School of Bus. Admin., Harvard
Univ., 1964.

2, B. Hickman, Investmént Demand and U.S. Economic Growth, The Brookings
Institution, Washington, D.C., 1965.

3. Jorgenson and Siebert, op. cit.
4. Jorgenson and Stephenson, op. cit.

5. M.K. Evans, "A Study of Industry Investment Decisions,' Rev. Econ.
Statist,, May 1967, 49(2), pp. 151 - 534,

6. R. Eisner, "A Permanent Income Theory for Investment,” Amer
Econ. Rev., June 1976, 57(3), pp. 363-90.

7. Y. Grunfeld, op.cit.
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" 1 2 . - . . .
and Siebert,  and Kuh' employ this distribution in the study of
‘rinvestment by’individual. firms. . 'Bourneuf”, Eisner, Hickman,
L 6 7 e
Jorgenson and Stephenson, and Resek employ this distribution in
the study of investment by industry groups.

A formal characterization of replacement investment has been
presentéd in one of the studies by Jorgenson and Stephenson
wherein they argued that replacement investment denoted IR depends
on the level of capital stock and alsoc on its age structure. More
concretely, replacement investment is a weighted average of past

gross investments, so that,

1. Jorgenson and Siebert, op.cit
2, E. Kuh, op.cit.

3. A. Bourneuf, "Manufacturing Investment, excess Capacity and the
Rate of Growth of Output," Amer. Econ. Rev., Sept. 1964, 54(5)
pp. 607-25. :

4. R. Eisner, "Realization of Investment Anticipations' in J.
Duesenberry et. al. (eds), op.cit.

5. B. Hickman, op. cit.
6. Jorgenson and Stephenson, op. cit.

7. R.W. Resek, "Investment by Manufacturing Tirms: A Quarterly Time
Series Analysis of Industry Data,'" Rev. Econ. Statist., August
1966, 48(3), pp. 322-33. :

8. D.W. Jorgenson and J.A. Stephenson, "Investment Behaviour in U.S.
Manufacturing 1947-60", Econometrica, vol.35, 169-220. See also
R.F. Wynn & K. Holden, An introduction to applied Econometric Apalysis,
John Wiley & Sons, N.Y. 1974, pp 23-24.
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. 5 .
®, = 0Ty * OO, sl 54

Using the lag operator, © such that ext = xt—l’ Bzx. - x

t = =2 etc.,
we have,
IR . 2 a3 .
£ = 601, + §Q-8)0Tr + S(1-8)07T *......
= 88 I
I-(1-656- t
QY
! I = (1-(1-6)8)
LSS IR =
t 56 t (11)

Since capital stock at the end of a period is the sum of all past

net investments. (IN)

= + +
Kt INt * INt—l INt—Z et asraerrararras

(1, = IR + (T, = IR_)) + (I, - IR__p) + veevnss

. -
1 +8+8 +....) (It - IRt)

=TI,
t

. 1 -9

Substituting for It from equation (11) we have,

4 I
lft = —|1-(0-6)6 - ﬂIR
Y R - ¢

Hence,

IR = 86K = 6K _; (i7)
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We have now reviewed the issues involved in previous empirical
studies of investment behaviour. It is clear that the accelerator theory
of investment provided a point of departure for the development of alter-
native theories of investment. To summarize briefly, the approach of the
Accelerator Theory to the issues examined is as follows:

1. output is a major determinant of desired capital, and

so; desired capital is proporticnal to output {equation 1);

2. changes in demand for capital services are proportional to the
difference between desired and actuél capital as shown in
equation 5; - "

3. the geometric distributed lag function is the mechanism for
translating changes in desired capital into actual investment
expenditures as portrayed by equation 8;

4. the geometric mortality distribution of investment goods serves
as the basis for deriving replacement investment so that

. replacement is proportional to net capital stock as shown in
equation 12.

In alternative theories of investment such as the Liquidity, Expected
Profit, and Neoclassical théories, the desired level of capital is made to
depend on the following variables respectively; liquidity of the firm, market
value of the firm and, the relative price of output to the price of capital
sérvices multiplied bf output. 0On the relationship between éhanges in the
demand for capital and investment expenditures the basic premise is that of

the flexible accelerator model as shown in equation 5 which explains net
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investment expenditure. Jorgenson then generalized this into a relationship
in gross investment expenditures as contained in equation 7. On the descrip-
tion of the time structure of the investment process the basic premise has
been fhg idea that desired capital is determined by long run considerations
while the geoﬁetric distributed lag as shown in equation & has provided the
basis for the lag- generating mechanism.  Once again, Jorgenson generalized
this.lag structure by employing rationél distributea lags as embodied in the
weights u(0Q) contained in equation 10. Finally, alternative theories agree
that replacement investment is proportional to net capital stock as shown in
equation 12,

Having discussed the preceding_controversies and highlighted the
approaches to their resolution by appealing to four poepular theories of invest-
ment i.e. the Accelerator,ALiquidity, Expected Profit and Neoclassical theories,
we now present some reasons for the dissatisfaction with the Accelerator theory
as well as the rationale for the specificqtions given under.each theory of
investment. For completeness, the Tobin's Q theory is also briefly discussed
although its empirical evaluation will not be undertaken in this study for
iack of the necessarj data.

The Accelerator Theory

" Although the rigid Accelerator Theory gave way to the flexitle accelera-
tor as a description of the nature of the investment process, even the
refinements introduced by the latter theéry were considered to be unsatisfactory
and so paved the way for the development of other theories of investment behaviour

The most important limitationsl of the Accelerator theory seem to have included:

]A,detailed list of these limitations is provided by, R.S. Eckaus, "The
Acceleration Principle Reconsidered, " Quarterly Journal of Economics, wvol.
67, 1953, <09-30; D. Smyth, "Empirical Fvidence o The fccoleraiicn

- Principle," Review of Economiec Studies, vol, 31, 19-4, 195-202 and, R.F. Vymn
and K. Holden, op.cii. p.25. . .
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(i) Fhe“symmetry of the accelerator mechanism implying for example,
7£Hat a 20 per cent increase (decrease) in output will
lead to thegame zmount of capital stock being bought

(scrapped); |
(ii) the complete neglect of financial variables despite the

fact that shortage or lack of finance may hinder the‘

attainment of the desired level of capital stock;

(iii) absence of the role of prices when it is recognised that

a change in the relative prices of labour and capital
may lead firms to alter their investment plans;

(iv) assumétion of a constant value for the desiréd capital

output ratio which does not necessarily hold Earticularly
if returns to scale are non-constant and, .

(v) the implication that only output matters thus ignoring

the influence of variables like profit, expectations,
interest rates and liquidity on the investment decision
of the firm.

Attempts to overcome these limitations have therefore produced
alternative theories of investment behaviqur which may be grouped under
liquidity, Expected Profit,  Tébin's-Q, and -the Neoclas&ical Theories.

The Liquidity Theory

liquidity is here measured as the flow of internal fund available

to the firm for investment. The basic premise underlying this theory of
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investment behaviour is a theory of the cost of capital which speci-
figs that"the supply of funds schgdule is horizontal up to the point
at which internal funds are exhausted and vertical at that point"

Lund,2 for example, lists five possible sources of funds, for a
firm as (i) depreciation allowances, (ii) net profits (that is, gross
profits less taxes. and depreciation allowances), (iii) fixed interest
borrowing, (iv) preference shares, and ) equity'shares. The first
two sources are  internal to the firm while the rest are external.
Funds generated within the firm can of course be declared and paid out
as dividends or used for investment purposeS+ Since both of these
decisions are governed by different factors, it may be safe to assume
that the desired level of capital stock depends on the differential

)
between internal funds and dividends. This has been referred to as

the liquidity theory of investment behaviour where liquidity is measu-
red as gross profits after tax plus depreciation less dividends.
The Expected Profits Theory
Many studies have specified the desired level of capital stock
using current or realized profit as a measure of the expected profi-

tability of investment. This approach has been severely eriticized by

Grunfeld3 who found, that the partial. correlation between profits and

1. Jorgenson & Liebert, "An Empirical Evaluation of Corporate
Investment' op. cit., p. 160.

2. P. J. Lund, op. cit See also, Wynn and Holden, op.cit. p. 26.
3. Grunfeld, op. cit.
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investment, given capitai stock, was insignificant and therefore,
suggested discounted future earnings less the costs of future
additions to capital as a better measure of expected profits. In
other words, the stock market valuation of the company is the
appropriate proxy variable for expected prgfit since stock market
participants presumably possess as ﬁuch information about the future
as the managers of the firms and méreover they are economically
motivated to analyse information relevant for assessing‘the future
prospects of the firm.

Thus, in the expected profits mo&el, desired capital.stogk is
made to depend on a measure of the stock market valuation of the
company. This relationship w;s however based on Grunfeld's
examination of individual corporation data and consequently may not
necessarily hold true in ah:aggregate sense because the number of
quoted ,companies changes rather frequently. Wynn and Holden‘ therefore
 suggested an alternative measuré, namely, an index of the level of
share prices which may correlate strongly with the stock market valua-
tion of tﬁe companies included in the index. In this study, however,
the most recent profit experience will be used as a measure of profit
éxpectation. Thiz could easily.be regarded as rational behaviour on
the part of businessmen.opexratring in an underdeveloped economic

environment.

1. Wynn and Holden, op. cit. p. 27.
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THE SECURITIES VALUATION OR TOBIN'S "Q THEORY"

AMthough Grunfeld simply proposed and used the stock market valuation

of a cémpany as a proxy variable for expected profit, a number of theories have
+ focussed specifically on the market vaiue of the firm as é determinant of its
investment. Tobin, for instance, has argued that managers, when sgeking to
miximize the market value of their corporations, will add to their fixed
capital stock whene&er such a marginal addition to the firms' market value,
measured by the marginal increase in the stock, exceeds the actual cost or
replacement value of the additibnif In other words, "the market valuation
of equities relative to the replacement_cost of the physical assets they
represent is the major determinant of new investment. Investment is
stimulated when capital is valued ﬁore highly in the markef than it costs
to produce it, and discouraged when its valuatian jis less than its replacement
- cost".g/ The ratio of the ﬁarket value of equities to their replacehent cost

has been referred to by Tobin as "q". If q exceeds one there is an ircentive

to invest, and vice versa.

While Tobin's "q" theory has been held as a major competitor to Jorgenson's

theoretical framework for investment behaviour, so far very limited attempts

1This theory has been summarized in W.C. Brainard and J. Tobin, "Pitfalls
in Financial Model Building," American Economic Association, Papers and
Proceedings (American Economic Review, Vol.58, May 1968), pp 99-122.

See also, J. Tobin, "An Essay on the Principles of Debt Management,"

in Essays in Economies, Vol.l Macroeconomics. New York North

HolTand Publishing Co., 1971.. -

2W. C. Brainard and J. Tobin, op. cit pp 103-104.
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have been.made to reconcile both theories in the literature. 1In one
of such attempts Roﬁert Hall derived a relationship between changes in
desired capital stock and Tobin's q and refers to it as "an implication
of Jorgenson's model under sgatgé expectations and a géometric distribu-
tion of delivery 'times”.:L

Among some of the eriticisms which have been levelled against the
q theory, the following may be mentioned=: (i) the measurement of ¢ is
not so clear because in the literature, various means have been used to
approximate both the market value of firms and the. replacement c;st of
incomplete sets of assets, and (ii) it is difficult to sort out the market
valuation of physical capital from that of the rest of a firm's asset.-
Inlgeneral, therefore, fairly crude empi;ical approximations have been
made to this theory which may be found in the studies by Bischoff, Von
Fursienberg, and Ciccolo.3 However, given the preblems néﬂed with the
q theory and, more seriously, the lack of the required Nigerian daia,

its empirical investigatioh will not be underiaken subscquently in this

~ study.

1R.E. Hall, "Investment, Interest Rates, and the Effects of Stabiliza-
tion Policies", Brookings Papers on Economic Activity 1: 1977, p.88

2For details of these eriticisms, see C. Bischoff, "Business Investment in
the 1970's; A comparison of Models, "Broeokings Papers on Economic
Activity 1: 1971, p.20, and G.M. Von Furstenberg, "Corporate Investment
Does Market Valuation Matter in the Aggregate?" Broookings Papers on
Economic Activity 2: 1977, p. 350.

30. Bischoff, op. cit., G.M. Von Furstenberg, op ¢it., and J.H. Ciccolo,
Jr. "Four Essays on Monetary Policy" {(Ph. D. Dissertation Yale University
1975). - '
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The-Neoqlassical Theory -

The neoclassical theory is yet again another theory which has
been presented to compete with the thecries of investment so far
reﬁiewed in this study. By applying the tool of comparative dynamics
to the ordinary neoclassical theory of the firm Jorgenson derived a
theory of investment which is based on the ﬁeoclassical theory of
optimal capital accumulationl and having the flexible accelerator
theory as a speciai case.

The essential ingredients of a theory of optimal capital

. . 2
accumulation may be summarised as follows:—

(i) The firm maximizes the utility of a consumption

stream subject to a production function;

(i1} the firm supplies capital services to itself by
3 -
acquiring investment goods;—

(iii) the rate of change in the flow of ca ital services is

g p

proportional to the rate at which investment goods are

being acquired less the rate of replacement of

previocusly acquired investment goods;

1. A rigorous reformulation of the theory of investment behaviour is
given by D.W. Jorgenson, '"The Theory of Investment Bheaviour," in
R. Ferber (ed), Determinants of Investment Behaviour, (New York:
National Bureau of Economic Research, 1967) pp. 129-155.

2. Jorgenson, ibid. p.136.

3. The chain of causation may be seen thus: the demand for investment
is derived from the demand for capital assets which in turn is
derived from the demand for capital services. Within this chain
the firm may acquire capital assets (or may rent them from another
firm that has previously acquired them) See Jorgenson, ibid.
p.162.
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(iv) the results of the productive process are fhen transformed
into a stream of consumption on the assumption of fixed
prices for outpugt—lébour.services, investﬁEnt-goods and
consumption goods which imply, alternatively, that current
and future prices are taken as fixed as well as the current
and future values of the rate of interest.
Given these conditions, utility maximization can proceed in’ two stages:
(a) the firm chooses a production plan sc as to maximize present value;
(b) consumption is allocated over time in ordér to maximize utility
subject to the present value of the firm.
The firm's production plan includes the levels of output, its labour
input, the input of—capital services and all other inputs.’ In order to
provide an opﬁimal level of capital services the firm then accumulates
or decreases its capital stock over time. In summary, therefore, a )
productivehenterprise demands capital services so as to maximize its own
net worth. For this purpose, the firm also takes into account the manner
in which the tax structure, particularly, the provision of business
income tax, affects its demand for capital services;
We now derive formally, the neoclassical theory of optimal
capital accumulation which underlines Jorgenson's theory of investmentl.

We start with definitions for net receipts and the tax structure leading

to the definition for present value. Thus the flow of net receipts

1. TFor full details, see D.W. Jorgenson, "Anticipations and Investment
Behaviour," in J.S. Duesenberry, G. Fromm, L.R. Klein, and E. Kuh (eds)
‘The Brookings Quarterly Econometric Model of the United States,
R. McNall & Co., Chicago, 1965.
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which is the difference between revenue and outlay on both current

and capital account in period t, say R, is of the form:

R{t)= p(t) Q) ~s(t)L(t) - q{t)1(t) A (13)

"~ where p is the price of output, Q is the quantity of output,

5 repfesents the price of labour ippug L measures the quantity of
labour input, 'qis the price of capital goods, T represents investment
in capital stock and t is time. WNext we derive an expressioﬁ'for
the tax structure of the firm as a relationship between direct taxes,
T, and the product of the tax rate, u, and income:

()= u(e) { pQ-sL - q(n(E)g-w(E)Tax()q, a)k} (14)

wher%
T(t) = amount of direct tax assessed in period t;

K = stock of capital employgd; i
u(t) - Tate of taxation of net income
d = rate of depreciation (replacement); _
T = cést of capital;
-q/q = rate of capital loss, (qtz % - qt-~1)
n(t) . proportion of depreciation chargeable against

net taxable income;

*(t) = proportion of cost of capital chargeable against
net taxable income;

x(t) = proportion of capital loss on assets subject to

taxation.
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Present value or net worth of the firm, say V, is obtained by taking

the integral of discounted net receinta-minus dizcounted .direct taxes &§ -

. r

coritainéd. In: 2quations 13 and 14 3o-that: aE
v o= [ reomto) ] a S (15)
vhere, |
T is fhe rate of discount.
Consistent with the objective of the firm, present value is maximized

subject to two constraints:

(i) the raté of change of the flow of capital services is proportional
to the flow of net investment-which is eqéal to total investment
less replacement. If feplacement is proportional to capital stock
the first constraint then takes the form:

K(t) = I(t) - 8K(t) o (16)
where, ) i : .
K(t) is the time rate of change of capital services at time i}

(ii) the second constraint defines the production function for levels of
output, labour and capital services in the form:

F(Q,L,K} = 0 (17)

. . . . - 1 .
-This production function is assumed to be well behaved and strictly convex.

1. From economic theory, this assumption implies that the production
function is twice differentiable, with positive marginal rates of sub-
stitution between inputs and positive marginal preductivities of both
inputs. See for example, R.C.D. Allen, Macro-economic Theory: A
Mathematical Treatment, London, Macmillan, 1967.
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The maximization of present value(]5) subject to the constraints

{i6) and (i?} is achieved by maximizing the lagrangian expressio&ﬁ

0 - TL . . )
L= 1" {e “TR-T) A F@,L,K) 44, (R-1+6K) e,

= J: £(t) dt, : (8)
vhere,’

£(t) = e (R-T) + A COF(QL,K) + Ay (t) (R-T+6K)

and the time subscripts on R,T, and so on, have been dropped for
notational convenience. Applying the calculus of variations

. 2 .. .
technique the Euler necessary conditions for a maximum of (JS) are:

of -rt
= = - oF
30 e (i-u) p + A] (t) LU 0,
»3{— = -6""(1-u)s *A,0) 3R "
oL '
of  _ Tt \
's'f = ~e q“lz (¢) = 0, -~ (19)
af

Fr %Eg{ = ;rtu(t)q {n(t) & + w(t)r = x{t)§/q}

d
AR 208 - (0

= 0
and also
of
‘ﬁ-l = F(Q,L,K) = 0
A L fForseek = o0 (20)
812

. T. In general, the neoclassical model of optimal capital accumulation
may be derived by maximising present value of the firm, by maximising
the integral of discounted profits of the firm, or simply by
maximising profit at each point of time.

2. See M.D. Intrilligator, Mathematical Optimization and Economic Theory,
Englewood Cliffs, N.J., Prentice Hall, 1971 and A. Takayama,
Mathematical Economics, The Dryden Press, Hinsdale Illinois, 1974.
The latter author obtained much similar results by the use of optimai
control technique.

b !
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The fourth expression in (19) i.e. the Fuler equation, is the
~condition for the optimal growth path of K. In order to derive the
marginal productivity condition for.capital services we combine three
of the expressions in (19) involving the partial derivatives with
respect to output, inveé;ﬁe;t, and the Euler equation. Thus, from the

partial derivative with respect to investment we obtain,

A(8) = -eTTh(4), | '(202)
and, E%'Ag(éj- - re*rtq _ e-:r"t.(_1 (?Ob)
Substituting (20a) and (20b) into the Euler equation gives:

e_rtuq{h6+ wr - x'g/ql+ Alﬁt) dF - e"rtqé'

—re"rtq + e_rtq = 0, ax (2la)
T TAl(t) %%- + e_rtuq{ né + wr - x4/q}

—e—rtq{ﬁ + 1T - a/q9} = 0 ' (21v)

. ‘..
Combining the first equation in (19) with (21b) we get the marginal

productivity condition for capital services:

""i(t)g_i" = -e"tugng + wr - x3/a) + e TVgls + r-4/q)

and, aF ry .
A = e .
U= ¢ (e
So, dF/Ak _ 8Q _ e"rtq{—ung +§ - uwr  + r+uxq/q-q/q}

IF/3Q 3k -e"rt( l-u)p © o (21)

"1%1' {{1-un)g + ( ]_I-;uw Jr-(1-ux)q/q}
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which simplifies to,

(22)

where, ¢ = l%h{ {1-un)s + (l-uw)r - (l-ux)@/q}

Consequently, equation 22 expresses the fact that, the
marginal productivity of the input of capital services is equél to the
ratio of the price of capital services, ¢, to the price of output,
p, and this condition determines the equilibrium capital stock of the
firm. The variable ¢ is alternatively referred to in.the literature
as the user cost of capital and so defines the implicit rental value
of capital serv;ces supplied by the firm to itself.

The theory of optimal capital accumulation developed so far
suggests that if investment projects were to be completed without
any laés then the level of investment or actual capital stock eould
be determined from the constraint equation (16) that the rate of
change of capital stock is equal to investment minus replacement,
while desired capital stock may be determined from the marginal.
productivity condition for capital (21). Furthermore, the actual
level of capital stock on hand will equal the desired or optimal
level of capital stock in the absence of lags. These basic ideas of
the existing neoclassical‘theory of optimal capital accummulation were

then extended by Jorgenson on the premise that investment expenditures

are characterized by lags so that the desired level of capital stoeck is
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1.

in fact equal to actual cépital steck plus the backlog of uncompleted
invesiment projects for the eiﬁansion of capital stock. The full
expression of Jorgenson's theory of investment behaviour was stated in
equation (7) while we now review the details of the developments
leading to that equation. ~

The basic ideas then are that gross investiment expenditure, It,is
the sum of two parts, that is, investment for the expansion of capacity,
IEt, and investment for the replacement of capital préviously acguired,
IR%. However, the level of investment for expansicn depends on the level
of projects initiated in previous pefiods up to tbé present whiie
replacement invesfﬁent is proportional to net capital stock. These ideas
are now developed more rigorously. ~ |

We begin with the relationship between investment for the expansion
of capacity and projects newly initiatea. If u, is takenrto represent the
proporiion of investment projec%s started at time t and completed at time
e T,

such completed proportions over time may be represented by the following

.sequence of non-negative numbers u ,ul’u2, (23)
which sum to unity, that is T, 1
' R (24)
=0

Nov; let IEt represent investment projects for the expansion of capacity

and INt the level of projects initiated in period t. Hence,
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IE = p N+ IN N2 <« o« (25)

or,

Iht = u(G)INt

where u(B) is a power series in the lag operator 8 such that

2
u(®) = u + w6+ p,6 4+ U393 .

Equation (25) thus shows the distributed lag relationship between

investment for capacity expansion and projects newly initiated and

expresses the fact that the level of actual investment expenditure- for expansion

in each period is-a weighted average of the level of-projects initiated
in all previous periods.

It has been assumed above that the desired level of capital is equal
to the actual level plus the backlog of projects not yet completed. In
order words, projects arecontinuouslybeiﬁg initiated until the backlog of
projects still to be completed is equal to the level of desired capital
stock denoted K*t, less actual capital, Kt. This idea may be represented
formally as

In 4 (i) TN+ Gl u) TN oF Kk K (26)
where the éeights, (l—uo - u]) and so on, indicate the proportion of projects
started during the preceding period but not completed at the beginning of
the current period. 'The lag operator mechanism introduced previously
may now be used to convert equation (28) into a manageable form as
follows. Beginning with the left hand side and setting it finally equal

to the right hand side we have:
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' 2 3
INt- +{1 uo) GINt +(1 uo_ 11])8’ INt + (1 I.lo IJ] u2)8 INt L S

: g2 Y
= (1 +(l~uo)e +( 1 My, ul)e + (1 Uy 7H) uz)e P § INt

= (1 + 6+62+93+ S B (1+e+ez+e3 +)euo-

2.3

(14040248 +. . L) 6%y, ~ (146+6740%+...)8%, = « . NIN,
2 .3 a2 _ a3 L '
(1+8 +87+8~ +...) (1 Buo Bul B‘Uz S INt

} _ __2_3‘
( T:g (1 BUD 0 ul 8 Ug ™ e - .» INt

]

n

1 2

1 - 8u(|)

- 8 N, o
So that
' 1 - 0u(8)
7% - PR . =1 L5 5.7 .
Ré =K S IN | - @n

In order to derive a relationship between investment for expansion

and changes in desired capital we operate on equation (27) as follows:-

1 - BU(G)
* = + e
K K ] 7 8 IN

Taking the first difference yields,
' 1= 8u(®) .
Tk - ES = . —- K -
: t K t-1 Kt--l Kc-z +[ - 8 :H:T t INt-l]

which simplifies to,

1-8u (8 ’
* - ¥k = -— [t o, Sl Y -
Rk~ K* (-8 Koy l =8 ) kl 8) IN.
* - * = - -
or, K ¢ K =1 (1 8) Kt—l + '.[Nt ou (o) INt'

Using the fact that,

v
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Q- B)Kt_lz IEt_lz Gp(B)INt
we have finally,

IN = K% - K¥ - S (28)

-Equation (28) states that projects initiated in each period are equal
to the change in desired capital from period to period. Cémbining

{25) and (28) we obtain investment for expansion as a distributed

lag function of changes in desired capital:

IEt = u(8) (K* K

. — :':t_l) (29)

In order to complete Jorgenson's theofy of investment behaviour
we need to combine the theory of iﬁﬁestment for expansion with the
theory of replacement derived earlier on., This is done by first
recognising that-gross investment is the sum of two components:

= .+ . _ :
Substituting equations (12) and (29) into (30) we have the final -
expression for gross investment

1 = u{@) (K* - K='=t_l)+ 6K

t t t-1 (31)

Thus, gross investment 1s a distributed lag function of changes
in desired capital plus replacement investment.
It can easily be shown that equation 31 is a generalization
of the flexible accelerator mechanism (5)_which assumed geometrically
declining weights. This time, the weights ut embodied in u({@) are

simply assumed to be non-negative and
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sum to unity:
u‘[’) Ol, (T = 0. l,cso);

:%UQ =1
T=0 ,

lHence the distributed lag function'(éj takes the form,

t z U R*
. e T £-T (32)

The flexible accelerator mechanism (5) is then generalized by first

differencing both sides of the distributed lag function (éz),

L=

K -K_ =
- 7k - K*
t ot g (R T K* ey,
1=0 .
and using identity (6) fo get, . -
I, - &K IS -
- % - KR*
t t ] TZG‘-‘T(K t_T K t-'[—]) .

Reatranging gives,

8

Ut (K*t—t - K*t—TF])+ GKt"] REX))

o

anl
ot
IF
It~

. T

Equation 33" is therefore equivalent to equation 31, i-.e,

= - *
I, = (8 (Kk, = KX )+ Sk, (34)

- PR . - .- -

1 D.W. Jorgenson and C.D. Siebert, "An Empirical Evaluation of
* Alternative Theories of Corporate Investment, "in K. Brunner{ed)
Problems and Issues in Current Econometric Practice.Ohio State

Univ. , Columbus, Ohio, 1972 pp. 155-217.
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We could actually déscribe equation3l as the basis of this
study. In particular, we take the equation asrthe standard one for
the explanation of investmeétrbehaviour, vary therdefinition for
desired capital stock K* in accordance with equations (1) to (4)
so as to teéL differences in alternative investment theories, and
then determine the nature of the lag structure u(8) for the purpose
of describing the time structure of the investment process from
industry to industry.

Prior to these empirical testing exer;ises which are taken up
in later chapters we need to determine the desired capital stock
K*h by choosing a particular form of the produétion function (17)
which we may assume to be Cobb-Douglas -

Q = AL o (35)

where ¢ is the elasticity of output with respect to capital input.

The marginal productivity condition (21) for capital input is now:

3Q  _ gatthlrals

3k “ p
which simplifies to, -
c

o {Q/K*) =
p

and could be solved for desired capital as

R .
K =« (E%) (36)

Equation 36. expresses the fact that the desired level of capital under

the Neoclassicial theory is proportional to output and the relative’

1. 'See R. 't' Hall and D. W Jorgenson “Application of ﬁhe!Thébi§ of
.DOptimal Capifal Accumulation,'! in G..¥romm.(ed)., Tax Incentives
~and Capltal Spendllgj The Brooklngs Institution, Washington,

D.C.. 1971,




6

prices of output and capital services, and it shows the complete
process of deriving desired capital stock under the Neoclassical
theory as stated earlier in equaticn 4.

We may remark further that Jorgenson distinguished two versions
of his neoclassical theory depending on the treatment of the cost
of capital. While he still accepted the Modigliani-Miller hybothesis
that the cost of capital is ; weighted average of the return to

equity and the return to debt the return to equity may be measured in

at least two ways:

(1) if capital gains on assets held by the firm are

regarded as transitory then return to equity and the price

of capital services may be measured excluding capital

gains;
(ii) 4if such capital gains are regarded as part éf_the return
to investment then the return to equity and the price of
capital services should be measured inclusive of capital
gains.
Consequently, the theory of investment behaviour incorporating capital

gains is referred to as Neoclassical I and the theory excluding capital

gains as Neoclassical II.
By reflecting this digtinction in equation 4 we now have two

specifications for desired capital under the Neoclassical theory i.e.,
Py 9

€1t
where, =g {@;155 5+ ( )r - (i:sx}g

Neoclassical It Kf = (37)




and,

* O . '
Neoclassical II: K_ = aPt*y , (38)
“at
I~un l-uw
where, Cy =g (T:Gfa6+ (l-u )r}

This completes our review of the available theories of investment
which are now summarized.

Summary

Previous studies of investment behaviour have exémined four
main controversial issues with limited apreement. The issues include
the determinants of desired capital, the relationship beﬁween changes
in the demand for capital and investment expenditures, the time
structure of the investment process and, the nature‘of replacement
investment. Attempts to resolve these issues led to the development
of four major theories of investment behaviour. The Accelerator
theory which served as the point of departure. for other theories
épecified the level of desired capital as proportional to output and
then concerned itself with explanations for net investment expenditure.
The geometric distributed lag function was also employed as the mechanism
for Eranslating changes in desired capital into actual investment
expenditure. Alternative theories such as the Liquidity, Expected Pro-
tit and Necclessical theories specified the desired level of.

capital as a function of the following variables respectively:
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liquidity of the firm, makket value of the firm and, the relative
price of output to-the price of capital services multiplied by output.

In tackling the other issues, all the theories except the
Neoclassical {ollowed essentially the approach of the Accelerator
theory.r However, in developing the Neoclassical theory of investment,
Jorgenson generalized the Accelerator in various directions. Firstly,
he applied thé tool of comparative dynamics to the existing neoclas-
sical theory of.optimal capital accumulation and then derived a -
relationship between desired.cap?tal stock and itsvdeterminants, i.e.,
output, price of cutput and the price of capital services. He introduced
a model of replacement investment into the net invesiment model of the.
Accelerator and then generalized this into a model of gross investiment
expenditures having as its arguments the investment undertaken fér
the expansion of capital stock and the one undertaken for the
replacement of worn-out cépital. Thirdly, he generalized the
geometric lag mechanism in the Accelerator case to a rational
disiributed lag in which the weights are simply non-negative and sum
-to unity, thus incorporating the case of geomeirically declining weights as
as a speclal case. In view of these extensions, Jorgenson and his ‘

associates have actﬁally been regarded as providing the most complete siate-

‘ment of the theory of investment behaviour.
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It should be remarked that in testing his investment

thecry on a wide variety of data, Jorgenson himself adopted the

estimation technique of ordinary least squares or some modification of

it. Once again, thié produced sharp criticisms from researchers and

led to attempts to provide unbiased estimates of Jorgenson's

investment equation. In the chapter that follows, we discuss some

of the popular distributed lag models and their suggested methods

of estimation. This leads finally to a discussion of Jorgenson's
rational distributed lags and the various approaches offered for their

estimation.



CHAPTER III

ECONOMETRICS OF INVESTMENT BEHAVIOUR
Formulation of Distributed Lags

There exists already an extensive literature on distributed.lags
and their applicability in describing the investment process. Various
arguments have beeﬁ presented in some of this literature to support
the claim that firms rarely adjust instantaneously to changes in their
desired stocks of capital but over a given period. The factors accoun-
ting for the delays in adjustment often include uncertainty, the lag in-—
volved in arranging for the financing of expenditures, and the lag between
appropriations and actual expenditures.

Most distributed lag schemes fall under one category or the other,
that is, they are either finite lag schemes or infinite lag schemes. The
first group includes schemes like the arithmerié lag proposed by Fisher,
inverted-V by Deleecuw, and polynomial by Almon, while the second includes
the geometric by Koyck, Pascal by Solow, rational by Jorgenson,and gamma by
Tsurumi. These schenies are reviewed in what follows while their suggested
methods of estimation and the application of rational distributed lags to
the investment function derived in equation 31 of Chapter 7l are taken up in
succeeding sections of this chapter. g

Finite Lag distributions

A finite lsg distribution shows the distributed lag effects of a

variable %, on another variable ¥, over a finite time period. Thus,

. . . + B x +

assuming k pe: iods, we can write, Yt = Boxt 1 -1 B2 xt—E + ...
X ., +¢€

veescerranascans FB T t i

k £k (1;



66 -

vhere €, is an error term. _ -

Since the estimation of equation (1) ﬁn its present form often introduces
a high degree of multicollinearity itéis usual in practice to impoSe some
“structure" on the B's in the equation. Various suggestions given in the
literature in this regard have led té the following alternative distribu-

ted lag schemes.

. . I, i ; . .
Professor Irving Fisher introduced the arithmetic lag which assumes

that the lag coefficients Bi decline ?ritbmetically. Thus, we have

B, = B(k + 1 - i) 0cic<k (2
=0 for-i- >k

Substituting (2) inte (1) gives
y =B k ( ;
- k + 1-3 ;
t (§=o "Almxtli)”¥éi

i
ik
= BZ + € . here 7 -
. ¢ whore 7t . iE (k 4+ 1 1)xt_l
=0

This is a linear relationship whose estimation leads dircctly to
the value of B which may be used in eguation (2) to obtain estimates

of the Bi.

. . y 2
The inverted - V lag distribution was suggested and used Ly Deleeuw .

: !
To cimplify matters we may suppose that k is even, and B, = 0, B_=0.

t

e e e

. = 1 - . < "_'_ .
We then have, Bi iB for 0 <1 < 7 (1)

~ (k-1)B for £ < i <k

Using these values equation (1) may then be transformed into

= R +
Yy = BT &g

1. 1. Fisher, “aote on a Short-Cut-meothod-for-Calculating Distributed
Lags" International Statistical Institute Bulletin., 1937pp 323-327.

2. F. Deleeuw, "The Demand for Capitai Goods by Manufacturers: A study of
Quaterly Time Series', Econometrica, 1962. ..

RS
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g = KL2 Y D x|
t~i .+ :
i=0 T 1= (k/2)+1 X

The estimate of B which derives ?roﬁ regressing ¥, on the 'constru-
ted" variable . may then be uséd in (3) to obtain estimates of Bi.
The lag pattern frequently descéibed as Almon Polynomial lag was

I
suggested and used by Shirley Al&on‘ and is a generalization of the

Fisherian linear lag on the assuﬁption that the Bi follow a polynomial

in i. To take a quadratic polynomial for illustration,
; :

B, = o + o+ aziz, Gi= =1,0s1..0, X, K61)  (4)
Substituting this inte (V) yields,
Yy K 2
= + + W )
t ; (ao o, i+, )xt ot e,
l=0 E )
which can be concentrated as T
. A = 2 & . 7 + £t . 5
e T %l Ty - ©)
where,
- K < ;= k ,
ot L tl. Tien 2 A% Porar 2
1L=0 1=0 . 1 .
i=o0 t-1i,

Thus, an ordinary least squares {0 L §) regression of Y, on the

constructed vaviables ﬁot’ th and 22t will lead to estimates of
o

the o's which can be used tTo obtain estimates of the B,. It is usual,

l. 8. Almon, 'The Distributed lag between Capifal Appropriations and
Expenditures' EconometricaJanl 1965, pp 178-196.
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however, to assume some ''end point constraints" like Bi = 0 and.Bk+i = 0

vhich may be substituted into {l) to produce two relationships involving
the a's in (4) oo *'OL] + 0L2 =0
and go + & (k1) + o, (k+1)2 = 0
These equations can be solved say for ao and oy to get

0o = -uz(k+l) | (6)
and o, = —u,k ' (73

vhich allow (5} to be simplified to

. H = i 2
where, #t L(x7_ ki -k -1 xtﬁi

An OLS regression of ¥, on AW wiil then yield an estimate for o, which
may be used in turn to obtain estimates of o and Q. These latter
estimates finally yield cestimates of the B, from (4).

The Almon lag . specification has been criticized on a number of
grounds including the assumption of end point constraints which cause the lag
distribution to exhibit its "plausible" shapes, the fact that one really has

no way of knowing the 1length k of the lag distribution dnd, also, if a

distribution has a long tail a single polynomial of the Almon type may fail

. . 1
to reveal this effectively.

Infinite lag distributions

Following the problems noted with the Almon-lag scheme particularly

the choice of the lag.k, the suggestion has been made to use an infinite

I. For some sugpestions to remedy tliese difficulties, see G.S5. Maddala,
op.cit. p.358.
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- St

-lag distribution whose weights dﬁcline after some time. Such a

distribution can he derived by first rewriting equation (1) as

ki {
- + :
Yt = g Bi L7xt Et;
10 !
. i 2
where L 1s the lag cperator such that Lx_ = x L'x, =x ., etc.
: t t-1, t t- 2
Thus, for the infinite lag case, we have
¢ 2 . :
= i i
t T B.Lx, 4+ E et iiiiriiineereaen. (8)
_ FRR 1 t t -

For reasons 6f limited data points which make it virtuwally impossi-
ble to estimate (8) in~its present form it~ is usual to rewrite the

0 .o
equation in the form Y, = BZmiﬂlxt te, (M
i=o
with the usual restrictions
- ?
v, >0, LWwi = |
i=o0

Thus the v, are treated as probabilities and use can be made of the

}

probability generating function w(L) so that
[}

2
L +--o--o-----t--o---u-

i

w(l) = Wy + w]L + Wy

A number of infinite lag schemes have been suggested in the literavurc

!
as follows:
e et e e e - 1
The geometric lag scheme was suggested and used by Koyck on the
j .

assumption that the distribution of the w, follows a geometric pattern:

w., = (1 =) At ' (10)
5 .

Substituting (10) into (9) yields,

1. L. M. Koyck, op cit.

| =T T -



Y (¢
yt = S(I“A) .f‘ AlLl Xt + E‘i:
i=o
which gimplifies to,
yt = B.S..‘..:Z‘.).. ¥ + £ b
1ot t (11}

Equation {11) is the distrihuted lag form of the geomettic” lag scheme.
An alternative formulation whicli yields an autoregressive model way

be obtained through multiplyinglboth sides of (11) by (I1-AL) and

simplifying to get,

= - - r ! *
y, = B0 A??t +.A§}trl,f ¢

(12)

where * =g = ) -
T ¢ t Ce-1

The main shortcoming of the koyck scheme arises from the . .
assumption that the major impact comes immediately and subsequent

t

impacts have lesser strength. This assumption may not be completely

{
i

true 1f, for instance, a variable has to go through a two stage process

: i
each of which takes time. Hence the Pascal lag distribution has been
. ¢ .

. recommended as a remedy for this problem..

Solow proposed representing the distfibuted lag coefficients v,

by the ccefficients of L' in the negative binomial distribution. So, if’
i

w(L) = (0-1)7 = - | (13)

1-AL) " '
then ( ) )

Wy =(1-AT (r+d - 1) li ;'(1_1)7 (Egt_i_zﬂll!Al(i=o,1,2,..)
* iy-11

o

}. R. M. Solow, On a Family of Lag Distributions, Econometrica,
April 1960, pp 393-4006 -




e r_ =
vlietey el = (1-AL) €,

The distributed lag form of thefSolow scheme thus becomes
Y : i )
¥, = B(1-X)" «x E
t Tj:XE)r t + Et ) (14)

or, v, = BU-MT {x + x|+ xlx+ 1)) x w Y
2] - :

while the autoregressive form is

A3 E, = -0 %%
{(1-AL) Ve B (1-X) e o+ st (15)

For the case v = 2, equation (15) becomes

. 142
Ye 'B(I A) <

+ g
£ t

2
Ty, TNy,

Again, Solow's negative bino

T

1
mation problem of choosing the integér r and, consequently, that of

mial distributed lags face the esti-

the nonlinearity of the pavamastérs. Furthermore, if the actual lag
|

distribution of the phenomenon being characterized shows a significant

peak at the beginning a Pascal lag distribution may be unable to reveal

same. Hence, Jorgenson proposed the rational distributed lags as a
H

i

generalization of the Solow scheme.
i

|
Jorgenson suggested that any arbitrary lag function can be
i

approximated by a rational distiibuted lag of the form
: | -

W(L) = u(L) |
V(D) i (16)
wheve L 1s the lag operator defined previously and
n i w i
u(@) = 2wyl , V(L) = 2 vil ,\f0=] n<m. (16a)
i=o j=oi i '

The distributed lag foru of Jorgenson's scheme is then,

y 2}.1.'._(;_".)_ g - = |
E Ty K S £ L2 . T (17)

iy

Rl T .E A g ey
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The error term ‘€. is assumed to be normally distributed with zero

t
mean and constant variancefwhich may be compactly expressed as
e N0y 02T), = (Eorie, verr €)' | (i7a)
t ! 1% 72 T

!

On the other hand, the-autéregressive form of the rational lag model

- " - ‘ # ;
is \(L)yt U(L)xt * e E (18)
wvhere, Cf T V(L)st % L (18a)

In order to express the rational distributed lag more fully, we

may consider a quadratic case in which u(L) = u * ulL + u?L2 and

v(L)=l + VL ¢ szz' l

The firnal form of the distributed -lag-model is now
_ 2°
Yp = U, ¥ UL+ U, Lz-xt e, ' (19)
Y+ V]L + V2L '

4

while the autoregressive form is
i

2 2 *

A +VL+v LYy = (g + UL + UL x +e
|
i

or y_ =Y x +U X _]§+ U v _ B e
t ot I Tt : )Xo ViYeo; T Vayep tEX 0 (20)
i
vhere, €*=¢+ V. ¢ :
A S (20a)

An examination of equgtions (19) and (20) does show that the
erraeT propertiés of the models are quite different with the distribu-
i
ted lag form possessing 4 gimple error structure and the second mode]

an autoregressive error structure. In spite of this error preblem
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involved in the latter case Jorgenson conducted a good number of his

empirical studies on the basis of an ordinary least squares estimation
of equation (20) thus ignoriég the constraint imposed by (20a). However,
since the residuals €, in (]é) are assumed to be serially independent we
would then expect the residu%ls in (20) to be serially dependent or auto-
correlated. Some proceduresgsuggested in the literature for the estimation
of these models will be taken up in the next section. Before then it is

necessary to review one more: distributed lag model recently supggested by

.1 . . .
Tsurumi as an alternative-to- the Koyck, Solow and Jorgenson distributed

lag models.

Tsurumi proposed that the parameters of a distributed lag function

be represented by a discrete :approximation of the gamma function whose

probability density  function is given by

o, =1 157 Te7hs i
i - € i%o, s>o, (z1)
T'(s)

o for s<l.

il

/ T(S g R
where, (17 T{(S) {is 1 o lgdi =1, and o

1
We then have that for diffe:ént values of s, (wi)“has the unimedal
H

distributions with the maximum value of v being reached at i = s—1.
i

. T
If we  now substitute (21) %nto (9) we have,

B % ,s-1 i i -
5 ; e= L X * Et BWCL)xt + Et. ‘ (22)

1. H. Tsurumi, "A Note on Gamma Distributed Lags," International

Fcone 1¢ Review, June 1971, pp 317-324,




)
There are three problemé involved in (21) and its transfor-
mation into (22). The first?is due to the condition that for 5<1,

Ww_ = 0. -
o
A solution to this problem aé proposed by Maddala1 is to substitute
o .

(i+!)5_] for 1 ] while (21) can also be generalized into

T N &
wi= 1 D7 e o<t
I (s)
The second and third problems are connected with the estimation of the

(23).

parameters of the lag model.: For this purpose Schmidt2 suggests repla-

cing (s—=1) by a/(1~-¢) zs a way of -facilitating the search procedure for
!
H

s in a maximum likelihood esﬁimation context. Also, because the appro-

L. SRS - i
wimation contained in (22) involves using discrete data, e should be

P

replaced by M. Equation (23) will then take the form,

b J]ts)(1+l) )\ o<a<l, ofi<!

Similarly, equation (22) will become

Y67 B Fgeny® )y

- 3 B !
]Tb)i=o 7 PR & X, te, = Bw (L) %, + €, (24)

Varied as distributed lag schemes are, their sugpgested methods of

e e At PR,

estimation are no less varied as well depending upon whether the scheme

1. Maddala, opcit p. 368

2. P. Schmidt, "An Argument’ for the usefulness of the Gamma Distri-
buted lag model", International Economic Review February 1974,
pp 246-250.
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being estimated is in the distributed lag or the autoregressive form.
Some of "these methods are now reviewed including the 0.L.S, instru-
mental variables, two-step procedures, non-linear least squares and.
maximum likelihood methods. .. . "' ' . T

Estimation of Distributed Lags -

The estimation of finite lag models has already been taken up
under each distributed lag scheme the main e;sence of which has been
the construction of a ”Zt“ variablerhor, in the Alwon case some Zt
variables (depending on the degree of the polynomizl involved), to which
O.L.S5. is applied-to obtain estimates of the X's which are then used in
turn to get the Bi.

In the case of infinite distributed lag schemes estimation is,
however,.not so easy either because non-linearities enter into the
parameters of the final form of the lag model or because complications
show up in the model's error structures as a by-product of the transfor-
mation prccess, or both problems may even occur simultaneously. Except

for the gamma distributed lags whose estimation is often accomplished by

. . i
some sort of non-linear technique

l. In applying the gamma_distributed lags to. Jorgenson's investment
function, Tsurumi used the modified nonlinear least squares methed
proposed by Marquardt. See H.Tsurumi, opcit, p-319 and D.W. Marquardt,
"An Algorithm for least squares Estimation of Nonlinear Parameters,”
SIAM Journal on Applied Mathematics, XI (June, 1963), 431-441.
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yirtual%y all the other infinite lag models of the Koyeck variety
have‘;ndergSne series of suggestions and coﬁnter—suggestions re-
garding their estimation procadures.

To see the nature of these suggestions consider the Koyck model

again:

+
1 Et

o .
= BI-A) S Y%,
yp = BOMEA % | (25)
Klein~sl proposal for a maximum likelihood estimation of this

model may be described as follows:

Rewrite equation (25) as

t-1 . .
_ b _ % .1

v = BN TATX .+ B(1-3) ;_x X
1=0 1=t

i+ 26
i €. (26)

Putting i~-t = j (or 1 = t + j) the second term of (26) can bhe

written as
B(]—)\) E llxt_. = )\tBCI")\) %_;\J};__ = )‘t--no“
i=t L j:o J
where; Ny = E (yo) = 8(1—k2§;&}xﬂi

and E is the expected wvalue operator.

Like before, equation (¢ 26) can now be concentrated as

Ve T BBy Mg By *EE 27)
I - el i
whera E]t = (174 z A Pt-i, and By = A F (28)
i=0-
1. L.R. Klein, "The Estimation of Distributed Lags," Econome-

trica, 26 Oct. 1958 pp 553-565
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It is usual to call n, the "truncation remainder" and, since nO=E(yO)
it is also frequently described as an "initial value parameter” for
- .
the purpose of estimation .
The maximum likelihood estimation procedure for (27) is carried
out through search methods as follows: we select some values of A for

each of which we generate the "synthetic" variables E]t and Z2t in (28},

estimate B and N, in (27) by 0.L.S. régression aqd.look at the
residual sum of squares. The value of A which gives the minimum residual
sum of squares is the maximum likelihood (ML) estimate of-A while the
corresponding esfimates of P and n, are the ML estimates of these para-—
meters., Studies2 have been conducted ﬁhich sugpest that simply because
as t increases in value th app%oaches zero so that we lose information
increasingly on n, as the sample size increases. 1In fact, in some
empirical works it is not uncommon to ignore such initial value para-

meters

l. See, for c¢xample, G.S. Maddala, op.cit pp. 361-362; G.S. Maddala
: and A.5. Rac, "Maximum likelihood Estimation of Solow's and
Jorgenson's Distributed Lag Models,'" The Review of Economics
and Statistics, Feb. 1971, pp 80-88; M.H. Pesaran, 'The Smail Sample
problem of Truncation Remainders in the Estimation of Distributed
- Lag models with Autocorrelated Errors,' International Fconomic
Review, ¥Feb. 1973 pp 120-131. -

2. See for example M.H. Pesaran, opeit.

3. See for example, P. J. Dhrymes, L.R. Klein and K. Steipglitz,
"Estimation of Distributed Lags," International Economic Revicw
II (june 18970) pp. 235-250,




However, Maddala and also Maddala and Raol have warned against the
danger of ignoring no even for samples as large as 100 because this
could yield estimates of B and A very much different from what could
have been obtained if no had been estimated. Another issue could
arise if one has reasons to believe that theerrors in (27) follow a
first-order Markov scheme so that e =PE_, ¥ . In this case
the search procedure can be used on both A and p in accordance with
the suggestion by Dhryme52

The above search procedure d;és have some advantages over the
iterative technique of Steiglitz and chride3 known in communications
engineering as the "prefiltering" method in the sense that it provides
a global minimum and involves ohly finite sums, while the prefiltered

#* * k%

values yé, X, X, etc in the Steiplitz-McBride case are infinite sums
¥ 1
wvhich are estimated from finite sample data. To discuss briefly this

iterative technique, we recall that the geometric lag can be written as

e © BU-A) % + € (29)
1-A1, : -

€. S. Maddala, op.cit, p 362 and, G.S. Maddala and A.S. Rao,
op.cit p.84, .

2. P.J. Dhrymes, "Distributed Lags", opcit pp 140-185 and'"Efficient
Estimation of Distributed Lags with Autocorrelated Errors"
International Economic Review. 1969 pp 47-67.

3. K. Steiglitz and L.E. McBride, "A Technique for the Identification
of Linear Systems, "IEEE Transccbicns on Automatic Control, AC-i0
(Oct, 1965) pp 461-64,

e mmn

o i
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The normal equations can then be derived as

T . X
B l"u. t
r y - (*—l)xt) v
e=1 £ 9L SR
' (30)

T

z ( B(l—l)x ) L xt 0
=] 1-AL -

To solve these nonlinear equations using iterative algorithm, define

prefiltered values. of the variables as

The normal eqguations {(30) can then be rewritten in terms of the prefi-
ltered values and the iteration precess can be carried out. !

The estimation of the geometrie lag in the autoregressive form

can proceed as follows. First, write the distributed lag model in the

51 f HE *
autorcgressive rorm )t yt_1 + B(1-)) Xt . et (31)
* - . . *
vhere Et = Et - Aet_l. Under the assumption that the residuals £, are

serially independent, 0.5.S. may be applied to (31) to obtain the
parzreters of the function. It should, however, be noted that the
regsiduals E: are serially independent only if the original disturbances
€. follow a2 first order markov eschzme with the same paramcter A as ‘E:

" 1. For details, see¢ Steiglitz and McBride, op.cit,
L.R. Klein, A textbhook of Econometirics. Prentice~Hall, NW.J. 1974
pp 117-118 and P.J. Dhrymes, opcit, pp 101-102.




8o
inplying that € = let tu, and u, are serially independent. So

-1
if €, was serially independent to 'begin wiéh Ei-will be 'serially dependent.
Consequently, a straightforvard application of 0.L.S. to {31) in the presenc
of autocorrelated errors may bias upward the valuc of A and so create the
impression that the lags are substantially distributed over time, In
order to correct for autocorrelatiom, thercfore, Liviatan] suggested an
instrumental-variable method for the solution of f31) whereby Ko is
used as an instrument for yt_l. }_iannan2 has shown that even though
Liviatan's estimates are consistent they are, in any case, inefficient
;n comparison with ML estimates.

The maximum likelihood procedure which has been discussed so far in
the context of the geometric lag can also be extended to the Solow—type
distributed lag model3. Since this extension is, however, not of
immediate relevance to us we'ld rather pass on quickly to a brief

discussion of the iterative and maximum likelihood methods which have

been proposed for the estimation of Jorgensoen's rational distributed lags.

1. N. Liviatan, op.cit

2.  E. J. Hannan, The Estimation of Relationships Involving Distri~
buted Lags, Econometrica, 1965, pp 206-224

3. For details, See G.S. Maddala and A.S. Rao, op.cit.
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-In" a - paper, Dhrymes, Klein and Steiglitz‘ presented a
"prefiltering" method for the estimation of Jorgenson's rational
distributed lags. We may recall from equations (16) and (17) the

general nature of such a lag model:

Ye = U@ x v e, Ct=1, 2, ... T (32)
V(L) :
n . m . '
where u(l)= L wil, y()= ¥ v,1?, v.=1, n<m (32a)
i=o j=o 1 ©

and ¢ ~ N(o,czl), £ = (cl,-ez, et e, ET)’
Using maximuom likelihood methods we note that the log likelihood

function of the observations in (32) is given by

2 2 1, 202 0y Ly
L{u,v,0%, y x) == %1n(2n)— %;no - 552 VD oy b O
Where,
F

7
Y=Y sYgs e Yp) e X= (%, ., Xp?

/ /
U=(uo,u],----¢ un) ,vﬂ (V],\,Z’..o»-y Vm)

Taking dewvivatives in (33) we obtain first order conditions for a

maxi,~um as!

- I T _ u(l) 3 - e
%& ;—~ ¥ (yt vy xt)v%L) x, 0, 3=c,1,2,..., n.
% - tEndmt]
oL ¢ T .
dys = =o= I (y - u(l) u(l) 5. _ _ n
J U( R t 6M) Xt) (m‘jz L Xt 0, s=1,2,..m (332)

i

1. P.J, Dhrymes, L.R., L.R. Klein and K. Steiglitz, "Estimation of
Distributcd Lags, "International Economic Review, 11 (June 1970)
pp 235-250.

e T A A . A A e e ot

Pk e B . s
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a1 T.d
80 25— E=n+m+l oSty B 0 e iy =0

v(L)

Tt can be seen that while the equations in (33a) are nonlinear in the
parameters u, and vs they are linear in Uy for given Vs and they are
linear in 0%, A search procedure can then Be undertaken over the
permissible region of the parameter space for uy given Vi or both para-
meter estimates may be iterated for simultanecusly. Estimates once
derived for u. and vy will easily permit an estimate for O°. As was the

case with the Keyek lag, the iterative algorithm will be based on the

féltowing filtered values of the original variables:
* ] *

I X = *% u(L *

Ve V(L) yt, t 1 X = —i—l P

t=t,2, ... T (34)
vy e Y v :

The variables in (34) may then be used to transform the first two equa-

tions in (33a) so that they become linecar in parameters in the following

\\?a}rﬂ
T
*
z (v(L)y k. % )
t=n+m+) t - U(L) ';:t) }:t-j = 0>J=0,!,2,..,, n (343)
T
it % ES
z (V(L)Yt - U(L)Xt) e o = 0,5%1,2,..... o (341b)
t=n+md ]

It may also be noted as in the Koyok-Klein case that the Dhrymes-—
Klein-Steiglitz estimation procedure even though efficient suffers from
the problem of setting the initial conditions equal to zero, that is,

Kok 0
g TV T
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While the authors have argued that this may not be a "serious handicap"
when the sample size T is large, by implication, ghe restriction does
bose a problem w@en T is relatively small., 1In such a situation, the
estimation procedure proposed by Maddala and R302 may have a stronger
appeal. |

The estimator suggested by Maddala gnd Rao is aimed at obtaining
maxlmum 1ike1ihcoé valuez for the parameters of the équation in (52) in
cases when the degree of the denominator polynomial V(L) is not so
high, such as, V(L) being of a second degree.

To review the method rather briefly, we recall again equation (32)

YT v *t * Ee . | ©(35)

with the properties.of the parameters of the model and of the error

structure beinpg retained as before. For the direct estimation of (35)

. . . . . . 3, .
we concider the case in which V(L) is a linear function™ in L, that 1s

1. P.J. Dhrymes, et al, op.cit p. 240
2, Maddala and Rao op.cit.
3. This is the case actually implemented later in the empirical

section of our work. Maddala and Rao (op.cit p. 84)
considered for illustration a quadratic case in L.

1



V(L) = v, "~ v]L = ]-vlL. This follows from the convention we adopted
in (32a) whereby we can write, o
N .
m . 1 5 = - ’ 3
V(L) = |+ F V,LJ = I_VH(L), v (L) ? v.Lo.

3=1 J J

w

Now, defin; xg = D)

-~ 1 5 1 -k V *
By erxpanding the equatlon,X(LJLt,= %, ve sot x *

X .
t =xt+vi t—1 which

we can use in a recursive fashion to generate the new variable xi

given X, As before, we immediately see that the initial condition

W . 2 -
x 15 not known~ but may now be treated as an unknown parameter g so
that Xg = @4, We then have,

X

C e

xz = x2 + lel = X2+v1x1 ]‘6
* = + b * = +y oy, + z * 3{3

g T Hg VR =XV, TV H N

: *
t = x + VX for t 2 4
t 17 -1

t = Z + B% (36)
Where,

% =
th xi for {1l

= Xy for t=2

1. See P.J. Dhrymes et,al, Op.cit p. 240
2. As Loted previously, Dnryaes, et.al. set their initial
conditicns enual to zero.
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T B e . for'tZ 3
2
2t= vy for t=I
= \T]Z . for t=2
= 7= . -
V1 2,t~1 for t > 3

Using the assumption in (32a) that the errors in (35) are independently
and . identically distributed (i.1.d) written g~ N(O,GZI), and putting

(36) into (33) we can dexive an expression for the likeclibood function as

. .. )
L« c'il-_ ept po (yu@ @ v eE, 00
n 267 t=n+l

where n is the degrec of U(L). ML estimates may then be obtained by
T
C e s 2
minimizing '§=n+][&t Uy (&, + Gﬁzti] (37)

In carrying out the actual computation one may proceed as follows.
Firstly, if U(L) is of zero degree, that is, U(L) = u s then for each

£

we generate £ regress y, on E] and EZt’ and compute

value of v

} it' T2¢; t

the residual sums of squafas (RSS). The ML estimate of T therefore, is

that value of v, for which the RSS is a minimum. The regression coefficients

which correspond to this minimum RSS are the ML estimates of uO and uoe
from which ML estimates of u and @ can be derived. Secondly, if U(L) 1is
0f a higher degree the situation becomes essentially non—-linear.

In order to avoid using a nonlinear approach, however, one may proceed

in an alterpative manner. Assume again that U(L) is actually of the first

degree so that U{L) = u0+uiL.
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One should first of all obtain a preliminary estimate of © by taking
U{L) to be of zero degree. This value of © can then be used to generate

a new variable Zt from Zt=21t+68 The final regression to be estimated

2t,

therefore is of the form Ve = (uo+u1L) (gt)+ Et, that 1is, ¥, = uoﬁt +

u, 2 +

17 t=1 Et. .
Following the‘suggestion by Criliches] which Maddala and Raoz-ﬁlso
employed in their work one can scarch for v, in the range o<v1<2 by
varying v, say at intervals of 0.25. |

The maximum likelihood procedure put forward by Maddala and Rao for

the estimation of Jorgeuson's rationalldistributed lags as reviewved so far
is the method employed later in the empirical section of this study.
Consequently, it is important even at this stage to introduce these
rational lags into the investment functions which were developed in
chapter "jr

Rational Distributed Lags in Investment Functions

In order to see how the rational distributed lag enters the invest-
ment function let us recall the generalized accelerator equation (34)

= WK+ e | (38)

from chapter II:It -6k .

t-1

I, Griliches, "Distributed lags - A survey', Econometrica, 35 {(Jan'67)

2. G.S. Madéala and A.S. Rao op.ci; p.85.
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where W(L) is now the power series in the lag operator L and A is

A Ok %
‘the difference operator such that AKt =K —Kt-l

Comparing (35) and (38) one immediately sees that

u(L)

.k
y =1 -GKt__Il, w(l) = V_ﬁ:)_’ xt = AKt

t t
and the error structurcs remain the same. Hence suitable substitutions
into (38) for the desired capital stock Kt* from the theories of invest-
ment behaviour presented in chapter ] will lead to.our final estimating
equations as follows: .
1.  Accelerator Investment Function: Since deéircd capital is

proportional to output, Qt, under the accelerator theory,
we may write the complete accelcrator‘theory of investment
behavieur as
1.t - 6K, T oW v el (39)
2. Liquidity Investment Function: under the liquidity theory
of investment behaviour, desired capital is proportional to
liguidity, Lt whereby we may write the complete theory as

It—éKtu = aW(L)ALt+E 7 (40}

! t

3. Expected Profits Investment Function: Similarly, desired
capital is proportional te realized profit of the firm in the
expected Profits Theory of investment behaviour and, hence its

couplete specification may bo written:
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Uy, v
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;t—éKt_1=ruw(L)AVt e (41)

4, Keoclassical Investmcﬁi Function: In the Neoclassical *™ -
thcor§ of investment behaviour desired capital is pro-
portional to the value of output divided by the price
of capital services whereby we may write the complete

thedry as

I~0K._y = aW(LYA(PQ/CY * €, (42)

]
This gencral form holds for both Neoclassical I and Neoclassical
IT fumctions the difference for cstimation purposes being due only
to the assumptions about capital gains in the computation of Cp»
the price of capital services and its lagged values.

It should be notéd that for our purpose of estimating equations
(39) to (42), W(L) is taken to be linear iq{componénts so that

W(L) = (uo-’.—ulL) /(1_+vlL) .

We ectimate the.parameters -, us U, Vs § - from data on outpul,
capital stock and investment expenditures. Owing te the fact that the
weights in the distributed lag function must sum up to unity, we require
the coefficients of this function to satisfy

g+u-wv, =1loru +u = 1+v
o) i i o H H

This comstraint then.allows ug to estimate the parawmeters —w0,u .,

proTT {from estimates of au s o, and v,
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The rate of replacement, §, which occurs in éur final
estimating equation above ig estimated directly during the
process of estimating capital stock. In order to obtain the
initial value of 8§ from the data, we note that,

I~ =K " K

- - - _K)
or lRt o 6Kt-] It (Kt t-

Surming for t=! to =T yields.

= - (K -
sIK,_, = 21, = (Kr-k) -

Se that, 5 = EIt - (KT - KO)

K
t=-1
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CHAPTER {i.

EMPIRICAL TEST OF THE MODEL

The distributed lag functions Specified in the preceding chapter have
been fitled to annual data from eight manufacturlng 1ndustr1es in Nigeria for
the sample periocd 1966 to 1976 representing the period for which comparable
and consistent data were found available. The nature, characteristics and
sources of these daté are discussed in the next section.below. The éhoice

of industries while reflectlng data availability, turned out to be equally

- ﬂ;prcsentaa¢ve of a broad categorization of the Nigerian manufacturing sector

into durable and non-durable goods industries. . Thus the industries selected
r . o
include; Food, Beverages, Textile, Footwear, Furniture and Fixtures, -Paper

and Paéer Products, Rubber and Leather. T
In this Chapter, empirical results are reported on the determinants

~ . : -

qf investment behaviour in these industries based on a maximﬁm likelihood

method of estimation. Since this method involves undertaking regreséion

rﬁns at two stoges, we report and analyse the maximum 1ikelihood estimates of

the first and second stage regressions consecutively #nd also discuss the

residvals of the fitted distributed lag functions on the basis of the Geary

test statistic for serial correlation. Further tests areAproﬁosed and applied

which discriminate among a]ternative theories of investment behaviour. On the

AT

the santing PT cdures used, the L1qu1dlty Model is found to Dbe

superior ilo the LExpeeted Frofits, Neoclassical I, Neoclassical II and feeelerator

models In the ex; lanation of manufacturing investment behaviour.



91
THE DATA

In this section, methods are discussed for the measurement of the
variables employed.in the empirical section below and the sources of data
utilized are also_described.

Methods of Measurement

Investment

Ordinarily, investment is the monet:iry value of grosé expeniitures
on - equipment and plant which may be 6biained in real ﬁerﬁs through deflating
by the invegtment goods deflafor. .In thi§wstudy; investment is measured as
cumulative private foreign investment (QPFi)l in each of the eight industry
groups while the choice of a deflator is obtained from the ratio of nominal
gross fixed investment (GFI) to that of GFI at constant 1962 p{ices. The
data on investment aré annual series spanning the period 1966 o 1976.
Capital Stock and Depreciation

Benchmark figures were obtained for capital stock by taking net fixed
assets for 1965 and 1976 for each industry and deflating them by the GﬁI

deflators. With the CPFI expressed in constant prices and the two benchmark

Apart from the fact that private foreign investment dominated total private.
investment in Nigerian Mapufacturing industries during our sample period, the
findings from Severn's study have shown conclusively that "methods of 1nv9qt1-
gation typically applied to domestic investment also apply to foreign . "
investment .... Foreign and domestic investment are interrelated primarily
through the financing mechanisms used, whereby top management allocates
internally generated funds so as to maximize profit". See, A.K. Sevarn,
PInvestment and Financial Behaviour of American Direet Investors in Manufactur-
“ding', . in F. Machlup, etal, International Mobility and Movement of Capiﬁgl
NBER, NY, 1972, p.396. See also: C.P. Kindleberger, "The Theory of Direct
Invcstment " in R.E. Baldwin and J.D. Richardson {eds}, Intoxnaulondj Trade
and Finance, Little, Brown & Co., Boston, 1974, pp. 270 T 27<, vhere markeils
and infernal source of finance are said to motivate direet investment; and
finally, R.M. Stern, Balance of Payments, Aldine Publis shing Co., Chicago,
1973, (ch 8, pp. 233 T Z38:T"Direct Foreign Investment").
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flgures of capltal stock we nomnuted the remalnlng capltal stock

flgures and replacement figures for each industry u31nv the follow-
model for replacement:

= 1- - T
K -y i
. t
w?ere I, is gross'investment, Kt is capital stock and § is the rate of

depreciation. The solution to this difference equation in capital stock is:

PRt Cat-1 t-2,
Ke = (1 -8)%Ky+(1-5) Ilf(l_-,a) I *""",(1”5)11;_1*1

2 t

1

w?ere'KO and Kt are initial and terminal values of capital stéck. An

estimate for é for each industry was obtained from the replacement model

as, i E 5T -, (KT B

KO)

RSN T
ThlS value of § was used ‘o compute povers of {1 -§ ) from (1 -§ )1
to (1 -é) 1 por each industry and then substituted into the difference
equation to obtain capitel stock series for the other periods and all
industries. So also the estimate for g was used to compute replacement'
for ali periods and industries. The computation of capital stock by the
perpetual inventory method was rendered infeasible because the data
series were not long_enough to calculate the required deppecietion rate

L

based on the average length of life of the fixed assets.
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Output
For the'output v#riable, we employed the current vélue of sales,

ftQ; which is the v;riable usually employed as the numerator of the
Neoclassical and A;celerator models. More appropriatély, one should .
compute output as sales plus the change in finiéhed goods inventory but
this was not feasible in our case because most companies either did not
‘report on inventory at all or when they did they failed to.break this
down into finished goods, goods—in-process and raw materials. The out-
put variable in the Accelerator model was deflated by the GFI deflator
in the absence of a wholesale price iﬁdek for each inhustry. The
dérivatioﬁ of the deflators for the Neoclassical models is explained
below. . T
Liquidity |

[The liquidity variable employed was measured by profits after taxes
plus depreciation less dividends paid. The deflator for the liquidity
variable was the GFI deflator.
Expected Profit

‘In the Expected Profits model current level of net profit was used
as a measure of expected profit and deflated by the GFI &eflator.
User cost and the cost of capital.

-

For the Neoclassical model I which includes capital gains, the

price of capital services which is the denominator of the desired capital

stock is defined as

iy —



9,

c = 9 {1 -u nt)d +r - <"t
t; ol t t -—
Tt q,
The GFI deflator was used to measure the price of investment goods, q.

The rate of depreciation, &, was obtained as shown above, while the rate

of change of the GFI deflator was taken as the measure of the rate of

|

capital loss, - -+, The income tax rate, u, was measured by taking the

2 |0

ratio o%.profits before taxes less profits éfter_taxes to profits before
Eaxeg. The proporgion of depreciation deductible for tax purposes, 1,
Tas taken as the ratio in current ﬁrices_gf depreciation deducted in the
firm's accounts agpregated for all firms fas per cent of fixed assects)

and theé depreciation figure whlch was obtalned in the process of computing

capital stock. Lack of data constralned w-and x to be zero.
In the second Neoclassical model, the term involving capital gains

is set equal to zero. Hence the expression for the price of capital

services hecomes:

£ l_(l - ud, 6+E-ZI
’ t

where all variables are measured as before except for; r, the cost of

capital. In the original Jorgenson model the measurement of the cost of

capital, t, in both Neoclassical models I and IT contained variables such

1

as the market value of all of the firm's securities, various types of

E S
assets such .zs depreciable, depletable and iuventory assets together with
their corresponding price deflators. Sihce data do not exist for these

variables yet in our economy we merely used the 'bank-rate of intefest.

as a measure of the cost of capital in both versions of the Neoclassical model.



The data for the preceding set of ;ariables are reported in
Appendix A, These are the basic data normally ﬁsed in running the
ordinary least sqﬁares regressions iﬁ the autoregressive form of the lag
distribution implied ly equationAZO of chapter IIT. Héwever, some trans-—
formations of these basic data are necessary for tﬁe estimation of the
rational distributed lag model by maximum likelihood method. Indeed,
since the maxiﬁization procedure involves runmning regressions at two stages,
the data réquired are also derived in two stages which may be summarized
as follows. , —-

It would be recalled from Chapter II)- that the  essence of: the Tiret
stage regression is to obtain maximum likelihood estimates for Vi the
regress{on coefficients for the variables 21: and ZZt’ and the unknowﬁ
parameter 8, by estimating a function of the form-

Y = U Z ¢ + uOBZ

o} 2t

for each industry under each theory of investment. Both synthetic
variables‘zlt and Z2t are generated recursively from relationships

involving, in the first variable case, the original explanatory variables

in the distributed }ag model and assumed values for Vl’ wvhile in the
second case only the assumed values for V1 are invélvéd. In developing
the necessary data, we assumgd Vl tollie in the range 0.25§V151.75 and
then.spaced the values at intervals of 0.25. Values”of the d?pendent

varialle ¥y, vere taken as annual net investment series obtained by

-
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subtracting annual replgcement series from their corresponding series
of gross;investment expenditures. Using these data then seven
regressions were performed for each industry under each theo?y of
iﬁvestment vielding a total of 280 regréssions at the first stage.

From the results obtained, the maximum likelihood estimate of V. is that

_ 1
value of Vl for which the residual sum of squares is a minimum. The
corresponding regression coefficients are taken to be maximum likelihood
estimates of u and uOG from which ML estimates of do and 8 are then
derived.

In order to execute the second stage regression the preliminary
estimate of 8 is used to generate a new Et variable from the relationship
Zt = th + 922t where the th and zZt values are Fhosen so as to corres-

pond to the ML value of Vl. The second stage regression then_takes the

form

-~ -

where y, once again represents net investment.

The statistical data used in computing the lst stage regressions
are contained in Appendix B while the ones used for the second stage
regressions are contained in Appendix C.

Sources of Data
The most important and also most authoritative single source of

data for this stucy is the amual foreign investment survey undertaken
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since 1961 by the Research Department of the Central Bank of Nigeria with
a coverage of about 600 companies. Prior to indigenization which defined
the extent of foreign/indigenous participation in businesses most Nigerian

manufacturing businesses were either wholly-owned (100%) by foreigners or

in partnership with Nigerians. Either way, foreign investment has been

-

a predominant source of annual investment expenditures by such businesses.

The two primary sources of private investment statistics in Nigeria are

the Federal Office of Statistics (F.0.8), (via the "Industrial Survey')
and the Centrai Bank of Nigeria, CBN, (via the "Foreign Investment Survey").
From the standpoint of the investment theories we are seeking to

test only the latter source (CBN) has a more:up to date and comprehensive

data on all the variables of interest because it is specifically an

investment survey. To be more exact, the Industrial Survey has a reporting

lag of about 4 years compared with about 2} years in the CBN case. Also,

F.0.S8. survey reports data on three variables.— sales, net capital expen-
diture and fixed assets - out of the ten variables required from one source
while the CEN survéy provides data on all the required variables. Conse-
quently, the CBN survey and data are superior to those of the F.0.S. for
our purpose.

Since 1961, the results of the CBN sdfvey have genérally been

. -
published in the Bank's Economic and Financial Review on an annual basis

1It should be noted that over time, the bulk of this investment was
generated loeally through retained earnings so that the distinction
between private domestic and private foreign invesiment became rather
tenuous. ‘
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with a lag of about two and a half years. While data have been reported

on a sectorai basis over the years a further breakdown of the manufacturing
sector on an industry basis began to feature consistently since about 1966.
Accordingly, Ehis study is restricted to -the sample period 1966-1976 and
for eight industry groups under the manufaqturiné sector.

Other sources ha§e been used to supplement the CBN data where
necessary. By and large, the data resulting f?om these opbeF sources are
deflators except for the cost of capital U -minimum lénding rate’

‘ of interest ~¥.which was obtained from various isgues (1966 - 1976) of the
‘ée&&yg;lﬁaah;gfzﬁigeri§'ﬁnnna&;ﬁepo;tégf=3A:;i§¢ﬂnf the yarisbled

- ngeé ig:ay follows:ir s e =" Tloa zae T ie s TolTel

List.qf Variables

e

Investment, It = Cumulative private capital inflow into manufacturing
industries

.o
.

ft

“Deflator, q Ratio of nominal gross fixed investment to gross
‘t . : . :
# fixed investment at constant 1962 prices.

Capital Stock, Kt = Net fixed assets with benchmark figures for 1965
‘ and 1976 and q, as deflator. '

Output, Qt = -Curfent sales

Liquidity, Lt = Profits after tax plus depreciation minus
dividends paid divided by the investment goods
deflator.

Expected Profit

Vt = Current profit divided by the investment goods deflator.

. Price of Invest .
nent goods, qt = Investment goods deflator.
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Price of Capital Includes capital gains for Neoclassical I model

Services, Ct .~ but excludes.it for Neoclassical 1I model.
Rate of depre- Rate of replacement as obtained from capital
ciation, & = stock fotmula. L .
Cost of capital, T, = ’minirum bark-lending rdte of interest
Rate of corporate Profits before tax minus profit after tax
income tax, u, = divided by profit before tax.
Proportion of depre- Depreciation deducted in firm's account (summed

ciation deductible over firms in the industry) divided by. 8.
for tax purposes, n_ -
t

Rate of capital = Rate of change of investment goods deflator.
loss, -q
. p | .

Analysis of the Regression Results

In order to provide a meaningful basis for the comparison of alter-
native theories of investment behaviour a linear rationaldistributed lag
function was selected from among the wide range of general pascal distri-
buted lag.functions. Such a rational lag distribution of a reasonaﬂly low
order also allows one to more efficiently estimate structural parameters
in a situation of fairly limited time series data similar to ours. A
‘linear rational lag distribution for our investment functions should then
contain, as explanatory variables, one current and onc lagged change in
desired capital, as well as one lagged value of net investment. Given the
fzaet that the competing theories of investment behaviour have been
standardized through the generalized accelerator mechanism, this in

itself should facilitate a compariscn of these theories in terms of
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how well they are able to explain the determination of investment by
the selected group of Nigerian industries.

We now present and discuss the results of.the'two stage

regressions undertaken for our sample of industries and alternative

investment theories. In performing the. first stage regression by

maximum likelihood method, each of the five theories of investment was

tested on transformed data for the eight selected industries. For
each industry seven alternative regressions were run based on data

These then

generated recursively on the assumed values for Vl"

yielded regression results for a total -of 280 equations as are reported
in Tables -3 — -7 Maximum likelihood values of 8 based on minimum
residual sum of squares were then isolated from the estimated equaFions
and used in generating data for tﬁe second stape regressions. Altogether,
40 reg;essions {eight for each theory) were performed st the second

éfagg and the results are contained in Tables‘HB'“—‘iE The discussion
whicﬁ now follow; analyses in some detail the results in Tables '§ - 7.
aﬁé Tabies  § -'17 while in a succeeding section further analysis is

undertaken for the comparative performance of cur alternative invest-—

ment theories.

Maximum Likelihood Estimates of
the First Stage Regressions

Tables 3 =7 show regiresaion estimates and goodness-of-fit

=

‘statictics derived from our first stage regressions using the maximum

-t
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likelihood estimaticn method. Each table presents seven results for

each of the eight industries under each theory of investment making a

total of 56 single equation estimates for each table. Thus, Table 3

indicates the results for the Neoclassical I theory, Table 4 for
Neoclassical II, Table.”5 for Accelerator, and so on.
It will be recalled from the preceding chapter that the equation

fitted is of the form

Ye T ¥otre * ul?‘zzt

Net investment Yer therefore, depends on the synthetic variables Elt and

th" The figures reported in the Tables under each of these variables

thus represent their respective coefficients while below each coefficient

is the t-statistic. Estimates for 6 are obtained by taking the ratio of
the second coefficient to that of the first. The column indicated RSS

gives the residual sum of squares for each regression run while the

. . . 2
- ecoefficient of determination for each run appears under the R~ cclumm.

.A; we examine each regression equation in the. tables our principal
interest centres on the values for RSS, 6, and Vl. Thus, from the seven
equations under each industry the minimum residual sum of squares is
selected. The value of Vl‘corresponding to this minimum RSS is then

picked as the ML value of.V1 for that industry. Also, the Corres—

" ponding @ value is the ML value for 8. If the minimum RSS for an industry

corresponds to a value of V) = 1.00 such a value is by-passed in favour

of the next minimum RSS since selecting a value of v, = 1.00 will cause
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the denominator of the rational distributed 1ag to be zefo. Such a minimum
RSS can of course be regarded as a rave—event. Indeed, out of the 280
regression cases appearing in Tables 3 -.7’ only one i.e. Textile industry
under the Expected Profit shows minimum R?S at Vl = y.OO which implies a

selection of V] = 1.25 as the ML value of V].

In order to illustrate the preceding ideas more clearly we select for

analysis the Footwear industry under. each investment theory. Beginning with
Ne0013551cal I, we find that the minimum RSS is 5.07. Co;responding to this
are the values of V1 = 1,50, 8 = —2 36 and R = 0.89. 1In the case of Neo— .
classical II the minimum RSS is 5.44 which yields ML values of V] = 1.50,

0 = -3.32 and Rz = 0.89. As for the Accelerator, the minimum RSS 1s 5.59
while v, = 1,50, 8 = ~2.99 and R2-= 0.88. The Liquiditngheory has, for its
Footwear industry, a minimum RSS of 6.09 and the corresponding ML estimates

are V1 = 1 50 and © = -530.67 while R2 = 0.87. Finally, under the Expected

Profit Lheory the values obtained for the Footwear Industry are minimum R5S

= 7.72, vV, = 1.50, € = 7.07, anc}_R2 = 0.84.

i

A few of the inferences that could be drawn from the preceding analysis

include the following:

(1) although Vl = 1.5 for all theories, all other characteristics

<how substantial variations across theories as would suggest differences

K )
among the theories; (2) the variations were even more pronounced for the

values of 0. TYor example, in the case of Neoclassical 11, 8 varied from

a low of -~10 to a high of 349083 from which an ML value of -3.32 was selected
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MAXIMUM LIKELIHOOD RESULTS FOR
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THE FIRST STAGE REGRESSIONS:

NEOCLASSICAL I

REGRESSION RESULTS
INDUSTRY
th Z2t ) RSS 2
FOOD _ : i
v = 0.25 -0.1720 -27.1110 157.62 391.28 .04
| ' (-1.8238) - ( -5.3889) ‘
v, = 0.50 " -0.0077 ~3.7726 489,94 «  405.65 .01
(-25.6623) - (-4.5055)
v, = 0.75 0.0322 ~31.8429 ~988.90 380. 30 .06
(4.9006)  (~1.92363)
v, = 1.00 0.0436 - - 373.7% .08
(1.1583)
v, = 1.25 0.1673 ~7.4667 -44.63 361.53 I
(1.5170)  (~-2.7085)
vE = 1,50 -0.0005 0.3103 -620.60 287.72 .29
(~0.6000) (0.6081)
v, = 175 0.0010 -0.0818 -81.00 362.15 11
(1.6000)  (-1..1760)
BEVERAGES
v, = 0.25 -0.1i177 -86.0789 731.34 54.06 .46
' (-0.5021) ( ~0.5585 ,
vT = 0.50 -0.1173 ~13.1652 112.23 49,58 .50
(-0.5149)  (-0.4342) :
v, = 0.75 -0.1032 ~-12.4494 120.63 67.74 .32
(-0.7539) (-1.7900)
v, = 1.00 0.0312 - 94.11 .06
G 1.3494)
v, = 1.25 ~0.1583 4,3213 -27.29 55,23 45
: (~0.5616) (0.5077) ‘
v, = 1.50 -0.174i 2.6127 -15.00 63.09 .37
(-0.6209) (0.6053) ,
v, = 1.75 - 0.0070 - 90.16 .10
{0.9589) '
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TABLE 3 (Cont'd)

NEOCLASSICAL I

INDUSTRY ~

REGRESSION RESULTS

(0.1522)

it Eot 9 RSS 2
TEXTILES
v, = 0.25 -0.0242 -158.2262 6538.27  1243.55 .07
(~5.3388) -1.4349)
v, = 0.50 -0.0088 -24.9017 2829,73 1192,33 .11
: (-14.1477) (-1.0939) ‘
Vo= 0.75 -0,0066 -18.,0899 2740.89  1249.32 .06
(-19.6515) (=1.3958) .
v, = 1.00 0.1077 - -~ 1240,85 .07
' . (0.8025)
v, = 1.25 0.0811 -1.0505 -12.95 964,37 .28
(1.8483) (-5.1591) e
*
v, o= 1.50 0.1006 -1,7401 -17.29 939,60 .29
: (1.0328) (=1.2236) - :
v, = 1.75 _ 0.0371 - 11052.43 .21
(0.6739)
FOOTWEAR
v,‘ = 0.25 0.0565 - =36.1055 -639,03 42.63 10
(3.2141) (-1.1600) -
v, = 0.50 0.0646 -6.7018 -103.74 36.87 .22
(2.6285) (~0.7019)
v, = 0.75 ~0.0671 ~4.,1301 61.55 42 .45 .10
(-2.8435)  (-69.4201) '
v, = 1.00 0.0718 - - 16.24 .65
(0.2535) .
v, = 1.25  -0.0756 0.8252 -10.91 5.88 .87
(=1.2143) (3.2778) .
*
v, = 1.50 0.0361 -0.0851 -2.35 5.07 .89
. (0.8338) (~1.9730)
v, = 1.75 - 0.0138 - 7.70 .83
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TABLE . 3 (Cont'd)

NEOCLASSICAL I

REGRESSTION

(-5.6154)

RESULTS
INDUSTRY IR
’ zlt ZZt 4] RSS R2:
FURNITURE
v, = 0.25 0.0326 -57.5155 ~1764.27 46.05 0.20_
(4.6411)  ( -0.7598)
v, = 0.50 0.0341 -9,3927 ~-275.44 36,85 0.36
(4.0879) (-0.5073)
v, = 0.75 0,010 ~6.4192 -635.56 46.27 0.20
(16.8119) (-0.7796) __
v, = 1.00 0.1722 - - 49,80 0.14
N ( 1.1611) .
V. = 1.25 = 0.1325 0.9147 -6.9034 25,05 0.57
o €0.7789)  (1.8170) :
vV, = 1.50 -0.0963 0.3148 -3.26 32.18 __  0.44
(-2.0280) (1.4558)
v, o= LTS - 0.0098 - 38,09 0.34
(0.4898)
PAPER
vV, = 0.25 -0.3273 ~72.7740 222,34 54,32 0.39
(~0.5775)  ( -0.6585)
v;* = 0.50 -0.3192 -10,7157 33,57 48,50 0.45
(-0.5614) (- 0.5077)
V. o= 0.75  -0.3514 -10.8807 30.96 54,92 0.38
(~0.5882) (-0.5386)
v! = 1.00 0.0072 - - 89,71 0.00
(20.8472)
v, = 1.25 -0.3393 2.5878 -7.62 72.89 0.18
(-0.8532) - (0.8107)
Vi = 1.50  -0.3435 1.6200 4,71 79.14 0.11
(~1.0376) ( 1.0348)
V. = 1,75 - -0.0031 - 89.41 0.00
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TABLE .f {Cont'd)

NEOCLASSICAL I

INDUSTRY

REGRESSION RESULTS

(-0.9069)

21t Zoe ) RSS r?
LEATHER
v, = 0.25 -0.0084  -10.8308  1289.38  1.52 0.21
(-3.2143)  (=0.7314) C e : -
* —
v, = 0.50 -0.0111 -1.6918 °  150.37 1.27 0.34
: (=2.0721)  (~0.5271)
v, = 0.75 ~0.011} ~1.2468 _ 112.32 1.49 '0.22
(~2.2342) (-0.70771) :
v, = 1.00 0.0035 - - 1.93 0.00
(6.4000) .
v, = 1.25 -0.0260 0.1577 -6.06  1.65 0.14 -
(~1.3000) (1.0317) _
v, = 1.50 -0.0215 0.6909 -32.13  1.82 0.05
(-1.9442) - -(0.1839)
v, o= L75 - 0,0002 - 1.92 0.01
(3.6667) ‘
RUBBER
v, = 0.25 ~0.1291 72.1968  -559.23 92,43 0.20
' (~1.2595) (0.8589)
v, = 0.50 ~0.1878 11.1549 -59.39  80.54 0.30
(-0.8393) (0.6475)
v, = 0.75 ~0.1529 8.0212 -52,46  89.87 0.22
(~1.0863) (0.8460)
v, = 1.00 ~0.2139 - - 99,90 0.14
(-0.8719) |
V.. = 1.25 ~0.3917 0.6874 ~1.75  63.13 0.45
. (~0.4886) (0.8784) |
vE = 1.50 -0.4907 1.3969 ~2.84  54.81 0.52
(-0.4119) (0.4341)
v. = 1.75 - ~0.0086 - 100.79 0.13
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TABLE &
MAXIMUM LIKELIHOOD RESULTS
FOR THE FIRST STAGE REGRESSIONS

NEQCLASSICAL I1I

T . REGRESSION RESULTS
INDUSTRY
Z1t Z2¢t 6 RSS R?
FOOD
v1 T = 0.25 -0.2327 ~17.4079 74 /B0 349.42 0.14
(-0.9225) (= 7.1509) .
vV, = 0.50 -0.182 ~ 8.4589 46.37 368.61 0.09
, (~1.1908) (-1. 9065)
v, = 0.75 0.0702 6.4352 91.66 403.94 0.01
(. 3.7350) ( 3.6733)
v, = 100 0.0399 - - 382,87 0.06
( 1.3634) ) -
v, = 1.25 0.0751 - 2.9234 -38.42 380. 24 0.06
( 3.8256) (- 4.4736)
vE = 1,50 0.0283 - - 0.7418 ~26.21 335.44 0.16
( 0.9753) (- 1.0794)
v, = 175 - 0.0065 - 399.74 0.02
( 0.4213)
BEVELRACES
v, = 0.25 -0.0179 —160.0611 8941.96 1247.00 0.07
(~8.0056) (~1.4181)
v, = 0.50 -0.1723 -15.1993 88.21 44 .04 0.56
(~32.7464) (~ 2.1545)
v, = 0.75 ~0.1284 ~12.6311 98.37 60.71 0.39
_ (-49.4727) . (- 0,5029) :
v, = 1.00 0.0328 - - 92.12 0.08
( 0.8542)
v, = 1.25  ~0.1474 4.0457 ~27.44 59,36 0.40
(~0. 6370) (0.5714)
vV, = 1.5  -0.2053 3.0081 -14.65 58.92 0.41
. (~0.5528) ( 0.5407)
Vi = 1,75 0.0207 -0.0540 ~2.60 39.76 0.60
(0.3382) (-0.3907) o
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TABLE : % (Cont'd)

NEQCLASSTICAL IT

................. REGRESSTON RESULTS
INDUSTRY :
' ' 'Z.lt' ..... " Z.2t_ . g R3S R
. TEXTILE -

Vi =t 0.25 0.0140 -163.3539 -i1668.13 1247.80  0.06
- (14.9643) (- 1.4030)

Vi = o.50 0.0352 - 23.4530 - 666.27 1188.08 - 0.11
: ( 5.7670) (-~ 1.2231)

v, = 0.75 -0.0071 - 17.2143 2424.54  1232.50  0.08

(-3.1972) (- 1.4609) )
1 =" 1.00 . ' - - . ;

1 _ ( 9_%332) ) - 1166.90  0.12
v=‘=1 =7 1.25 0.0560 - 0.1939 -3.46 987. 89 0.26
_ ' (-2.8964) (- 30.6008)

Vi, . =7 1.50 -0.0138 0.0723 -5.23  1007.54 0.24
' _ (-7.1884) (  1.4804)
vy =" 1,75 - "~ 0.0371 - 1052.44 0.22
(  1.4816)
| FOOTWEAR -
v, = 0.25 0.0001 - 34.9083 -349083.00 42.63  0.10
| ( 3.3333) (- 1.2026)
v, = 0.50 0.0001 ~ 6.7534 - 67534.00 37.16  0.22
( 3.3333) (- 0,7125)
v, =" 0.75 -0.1012 - 3.9926 39.45 41.70  0.12
: (-1.9901) . (- 1.1527)
v, - =1 1.00 0. 10221 - - 43.55 0.29
: ( 0.8701)
vy T 1.5 ~0.0818 0.8320 ~10.17 5.92  0.87
(-1.2641) ( 0.3183)
v*l = 1.50 -0.1085 - - 0.3599 - 3.31 5.44  0.88
(-1.0719Y ' ( 0.7279)
v, F 1.75 - 0.0138 - 7.71  0.83
§ { .6.5714) . . . ’




'iOQ

TABLE ", (Cont'd)

NEOCLASSICAL 1II

REGRESSION RESULTS

INDUSTRY
Z,, Z,. B RSS
FURNITURE
v, = 0.25 0.0546 -57.1033 -1045.84 45.64 .21
(3.0147) (-0 .7617)
vV, =~ 0.50 0.0545 ~9,2197 - 169.16 36.52 .37
- ( 2.8587) (- 0.5196) :
v, = 0.75 -0.1732 -4.8938 28.25  -32.59 .25
(-1.0277) -0.4414) .
v, = 1.00 0.1998 - - 48,17 .17
' : (1.2899) ‘
vk = 1.25" 0.0429 0.2607 6.07 25.65 41
(0.7753) (2.5428)
v, = 1.50 0.0349 -0.0114 <0.32 27.18 .37
( 6.5903) (-0.0205)
v, = 1.75 - 0.0085 - 28.51] .34
(2.0732)
PAPER
v, = 0.25 =0.3410 -71.6644 210. 15 56.51 .35
_ (-0.6613) (-0.6819)
vj = 0.50 -0.3320 ~10.6232 31.99 50.35 42
: (-0.6346) (- 5.3099)
v, = 0.75 -0.2555 -~ 7.2770 28.48 68.91 .23
(- 1.0645) (- 0.8196)
v, = 1.00 0.0197 - - 89.56 .00
: { 0.1234)
v, = 1725 -0.3700 1.5158 ~4.09 70.45 .21
(-0.7751) ( 0.7247)
v, = 1.50 ~0.3834 1.7243 ~4.49 79.32 11
(-1.0477) (1.0450)
v = 1.75 - ~0.0013 - 89,41 .00

(-5.6154)
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TABLE ‘4. (Cont'd)

" "NEOCLASSICAL IT

. REGRESSION RESULTS

INDUSTRY
it Z21: 6 RSS
LEATHER
v, = 0.25 0.0442 -8, 1645 - 184,71 1.34 .30
(0.9910) (-0.9625)
vk=  0.50 0.0121 ~1.4941 T - 123,47 1,30 .32
(3.5537) (-0.6830)
v, = 0.75 ~0.0117 ~1.2532 107011 1.50 .22
(~2.5043) (-0.7105)
v, = 1.00 0.0072 - - - 1.92 .01
( 2.9149) -
v, = 125 -0.0280 0.1508 -5.38 1.67 13
(-1.4036) (1.0975)
v, = 1.50 ~0.0235 0.0640 -2.72 1.83 .05
(-0.4806) €0.5124)
v, = 175 - 0.0003 - 1.92 .00
- (3.6667)
RUBBER
v, = 0.25 ~0.1623 71.7953 -442.36  89.48 .23
(~1.0647) ¢ 0.8480)
v, = 0.50 ~0.2292 93.2628 ~406.90  75.15 .35
(-1.8857) (¢ 1.8233)
v, = 0.75 ~0. 2064 75.4311 ~365.46  84.71 .27
. (~0.8459) ¢ 0.8839)
v, =  1.00 ~0.3231 - - - 84.87 .27
(~0.5809)
v = 1,25 ~0. 4431 0.9792 - 2.20  S6.47 .51
(-0.4261) (1..5137)
v, = 1.50 - -0. 0704 - 100.98 .13
(-0.9077)
V. = 1.75 - ~0.0088 - 100.79 .13

(-1.7045)
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“TABLE 5
MAXIMUM LIKELIHQOD RESULTS

FOR THE FIRST STAGE REGRESSTIONS

" "ACCELERATOR

INDUSTRY

REGRESSION RESULTS

L %ot ® RSS
FOOD
V. = 0.25 -0.2873 -38,5611 134,721 378.17 .07
(-1.3471) (- 3.5904)
vV, = 0.50 ~0.2656 ~13.7158 51.64 380.19 .06
' (~1.4578) (- 1.5532)
v * o= 0.75 0.4476 38.9176 86.94 337.02 .17
( 0.8231) ( 0.8618)
v, = 1.00 0.0328 - - 396. 12 .03
3 ‘( 1.9878) :
vV, = ).25 - 0.4912 - -.383.97 .06
_ ¢ 1.3952)
vV = 1.50 - 0.0715 - 392.82 .03
: ( 1.7622)
v, = 1.75 - ( 2.3692) - 399.74 .02
BEVERAGES
vV, = 0.25 ~0.0405 -71.005) 1753.21 73.93 .26
: (-~ 0.9778) (- 0.7509) ‘
vE = 0.50 -0.0424 -11.7567 277.28 67.46 .32
| ( -1.0472) (- 0.5636)
vV, = 0.75 -0.0187 -8.4063 449,53 83.28 17
( -3.8686) (-0.8325)
v, = 1.00 0.0283 - - 94 .23 .06
( 1.3640)
vV.°' o= 1.25 -0.0600 1.7807 ~29.67 72.24 .28
( ~1.1350) ( 0.8693)
vV, = 1.50 -0.0700 0.6896 - 9.85 75.01 .25
( ~0.9671) ( 0.8766)
vV, = 1.75 - ’ 0.0070 - 90. 16 .10
( 1.0429)
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TABLE 5! (Contd )

ACCELERATOR
REGRESSION RESULTS
INDUSTRY _ )
e Z]t . 22t 4] RSS. R
TEXTILES
v, = 0.25 - 0.0261 - 157.0277 6016.38 1245.70  0.07
(- 6.6015) (- 1.4565)
Vv, = 0.50 0.0228 ~ 26,0685  ~1143.35 1189.99 11
( 7.2895) (-  1.0665) '
V, = 0.75 0.0034 - 41,8068  -12296.11 1218.76 .09
( 54.6176) (- 1.1963)
vy = 1.00 6.1764 R - 1166.90  0.13
- _ (" 1.0923) ’ ‘
vE = 1,25 0.1159 -~  2,0837 - 17.97 957.59 .28
( 1.7023) - 3.2319) -
v, o= 1.50 ~0.0352 -~ 1.2090 34.34 1016.59 .24
( -5.9205) (- 4.3548)
v, = 1.75 - 0.0371 - 1052.43 .21
(  0.0207)
FOOTHEAR _
vV, = 0.25 0.0589 - 36.2413 -615.30 42.81 .10
( 3.8625)  (~ 1.1587) .
V, = 0.50 0.0498 - 6.7304 ~135.14 37.30 .21
( 4.2631) ( - 0.7166)
v, = -0.75 ~0.0952 - 4.0703 42.75 42.16 R
(-2.4086) ( - 1.1379) -
v, = 1.00 -0.0197 - - 47.65 .00
(=13.2234)
v, = 1.25 -0.0768 0.8043 -10.47 6.06 0.87
. (-1.4648) (  0.3289)
v * 1.50 -0.0927 0.2775 - 2.99 5.59 .88
(-1.2330) ( 0.7204)
v, = 1.75 - 0.0138 - 7.77 .83
: - (  0.1594)
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TABLE 5 (Cont'd)
ACCELERATOR

REGRESSION RESULTS

. A
Lo

6158)

INDUSTRY —
20 Zow . 6 RSS
FURNITURE
0.25 0.0051 -10.1243 '1985.15 1.54 .20
(13.8824) (~ 0.7536)
0.50 0.0067 - 9.4989 ~1417.74 37.13 .36

(18.0000) (- 0.5019) :

.75 -0.0229 -6.6756 291.5] 46.16 .20
(~6.4498) (~ 0.7449) -

.00 0.1200 - - 53.31 .08
( 1.1692) - '

.25 -0, 1054 C1.1092 -10.52 25.08 .56
(-1.2922) (~0.6720) '

.50 0.1267 -0.2216 - 1.74 30.14 .48
( 1.1673) (-1.6480) .

.75 -~ 0.0098 - 38.09 .34

( 0.4898) '

.25 -0.3192 -72.9986 228.69 57.26 .36
(~0.6344) (~0.6756)

.50 ~0.3026 -10.7767 35.61 51.71 42
(-0.6262) (~0.5312)

.75 ~0.3284 ~10.9706 33.40 58.74 .34
(~0.6668) (-0.5653)

.00 ~0,1028 - - 87.07 .02
(~2.0233)

.25 -0.1906 1.3605 - 7.13 80.38 i0
(~1.2964) ( 1.1732)

.50 -0.2026 © T 1.0140 - 5.00 86.29 .03
(-0.0788) ( 1.9088)

.75 - ~0.0013 - 89.41 .00
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TABLE ' 5 (Contd.)

ACCELERATOR

INDUSTRY

REGRESSION RESULTS

ZJt Z:Zt QI RSS R
LEATHER
| = 0.25 0.0050 . -10.1243 ~19.91 1.54 .20
(0.1719) (- 0.7585) -
| = -0.50 -0.0132 - 1.6640 " 126.06 1,31 .32
(-4.7045) (- 0.5456)
v, o= 0.75 ~0.0085 - 1.2083 145,57 1.53 .20
, . (-7.7765) (- 0.7426) _
v, = 1.00 0.0220 - ' - 1.90 .01
( 2.6000)
v, = 1.25 -0.0518 0.1273 - 2,45 1.71 N
(~1.7761)  (  1.3040)
v * - 1.50 0.1722 ~0.1035 - - 0.60 1.23 .36
( 0.5157) (- 0.5401)
v, = 175 - . 0.0002 - 1,92 .00
' ( 4.4498)
RUBBER
v, = 0.25 -0, 1343 68.1779 -507.65 87.97 .24
(~0.9784)  { 0.8492)
v, =. 0.50 -0.179} " 11.0797 - 65.13 75.64 .34
(=0.7143)  ( 0.6264)
v, = 075 ~0.1527 7.6921 - 50.37 83.71 .28
- (-0.8376)  ( 0.8481)
v, = 1.00 ~0,2052 - - 93,11 .19
, (~0.7081) |
Vi o= 1,25 -0.3371 11,2223 -3.62 55.11 .52
(~0.4135) (0.5899)
v, = * .50 ~0.3443 " 1.4001 -4, 06 65.34 .43
(~0.5118) (0.5389)
v, = 1.75 - -0.0086 - 100.79 .13
(-0.9069)
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“TABLE ¢ - -

" LIQUIDITY
_ . REGRESSION RESULTS
. INDUSTRY T Y 2
Be I e RSy
. TOOD
v] = 0.25 ~0.0003 106.8466 ~356155. 33 336.60 17
o (~0.6667) (1.3163) ° . '
v] = 0.50 -0.0003 9.1018° - 30339.33 324,12 .20
‘ (~0.6667) . (1.8656) :
VF= 0.75 ~0.0005 17,4390 - 34878.00 253,27 .38
; (-0.4000) (0.79023 :
v, = 1.00 -0.0004 - - 305.54 .25
; (-0.2308)
v, o= 1.25 -0.0005 4.8148 - 9629.60 287.96 29
: (-0.6000) (0.6024) . .
vV, = 1.50 - - 0.0715 - 392,82 .03
. (3.0230)
v, = 1.75 - 0.0065 - 399.74 .02
: C(2.3692)
REVERAGES
V.= 0.25 -0.0002 ~72.4705 362352.50 79.34 .45
: . (~1.5000) (-0.7947)
v, = 0.50 ~0.0002 =11.4904 5745200 69.70 .55
(~1.5000) SRR
vV, = 0.5 ~0.000} -8.5579 85579.00 82.48 42
(~3.0000) (-0.8073)
v, o= 1.00 0.0001 - - - 96,71 19
(0.4762) ; _
VoE s 128 ~0.0006 - 2.3506 - 3917.66 57.11 .65
, (-0.5000) (0.4960)
v, = 150 -0, 0007 1.1821 ~ 1689.57 60.38 .63
: (~=0.5714) (0.5441)
v, o= 175 - 0.0070 - 90. 16 .32
: (1.0429)
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(0.1522)

' I-é-?.]:_J_E._.é J__C_Dnt‘_!____“
' LIQUIDITY . ..
R S 'REGRESSTON RESULTS
.INDUSTRY
S T e %ot 4 RSS R
© TEXTILES
v, = Q.25 0.0010 —148.8518 -148851.80 584,29 .56
(0. 4000) (-~  0.7732)
v, = 0.50 - 0.0013 ~ 16.6233 ~12787.15 378,46 ° .71
: (0.2308) (- 0.9247) :
Vx o= 0.75 0.0015 - 5.9092 - 3939.46 243,10 .81
' (0.2000) (- 1.9186)
v, = 100 0.0012 - - 305.29 .77
(0.1667)
v, = 1,25 0.0001 0.8044 . 8044.00  1146.22 14
(2.000) ( 1.4746)
v, = 1.50 0.0019 -5.0466 -2656. 10 312,31 .76
(0.2632) (~0.6739)
v, = 1.75 - 0.0371 - 1052.43 .23
5 ( 1.4840)
FOOTWEAR
v, = 0.25 -0.0022 ~30.6204 13918.36 37.64 .21
(~0.9545) (~ 1.2957)
v, = 0.50 ~0.0015 -6.6204 4413,.60 36.03 .24
(~1.8000) (- 0.7091)
v, = 0.75 0.0014 - 3.0896 ~-2206.85 42 .45 .10
( 2.8571) ( ~1.7170)
vV, = 1.00 ' 0.0022 - - 44 .69 .06
'(1.5000) ‘
v, = 1.25 -0.0009 0.8169 -907.66 6.15 .87
(~1.6667) (0.3933)
V% o= 1.50 -0.0003 0.1592 -530.66 6.09 .87
(~6.0000) (1.5220)
v, = 1.75 - 0.0138 - 7.71 .83
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TABLE 6 (Contd.)

LIQUIDITY

REGRESSION RESULTS

INDUSTRY
....................... Z]t 22t g RSS R2
" "FURNITURE
v, = 0.25" 0.0014 -43,9441 -31388.64 36.38 .37
( 0.9545) (- 1.2957)
v, = 0.50 0.0011 - 7.2862 - 6623.81 30.38 - 47
- ( 0.8182) (- 0.6392) _
v, = 0.75 0.0012 . ~ 3.9065 ~ 3255.41 34,73 A
: ( 0.6667) (~ 1.1593) _
v, = "1.00 0.0015 - - 36.16 .37
( 0.4667) -
VE = 1,25 ~0.0009 1.2479 - 1386.55 24,62 .57
! (-1.1111) ( 0.6668)
v, = 1.50 -0.0014 © 0.6546 - 467.57  27.63 .52
(-1.1667) ( 0.7430) h
vV, = 175 - 0.0097 - 28.09 .34
: - ( 2.0208)
PAPER
v, = 0.25 0.0017 ~45,4474 -26733.76 69.40 .22
, ( 1,0588) (- 1.2213)
v, = 0,50 0.0003 -8.3995 -27998, 33 70.03 .21
: { 5.0000) (- 0.8520)
v, = 0.75 0.0001 - 6.3828 -63828.00 77.52 13
(11.0000) (~ 1.0388)
v, = 1,00 '0.0003 - - 87.43 .02
( 2.3333) |
Vi o= 1.25 -0.0027 2.9844 - 1105.33 67.98 .24
(~0.7037) ( 0.6813)
v, .= 1.50 -0.0033 1.8032 - 546,42 69,34 .22
' (-0.6970) { 0.6970)
v, = 1.75 -0.0013 - 89.41 .00

(-5.6154)
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TABLE 6 (Cont'd)

LIQUIDITY

:'INDUSTRY

REGRESSION RESULTS

L1e 2t 9 RSS R’
" “LEATHER _
v, = 0.25 - 0.0010 -11.3869 11386.90 1.45 .25
. (< 1.6000) (-0.6847)
v? =" 0.50 - 0,0021 - 1.8423 877.28 1.02 A7
(- 0.7143) (- 0.4370) :
v, = 0.75 - 0.0021 - 1.4236 677.90 1.24 .35
' (~0. 8095) (- 0.5740)
v, = ' 1.00 - 0.0001 - - 1.94 .00
| (~15.0000) _
v, = 1.25 - 0.0044 0.3750 -85.22 1.12 462
(-~ 0.5000) ¢ 0.4515)
v, = 1.50 - 0.0048 0.2185 -45.52 1.27 .34
(- 0.5417) ( 0.5355)
v, = 1,75 - 0. 0002 - 1,92 .00
- ( 5.5000)
RUBBER PRODUCTS
vf = 0,25 0.0022 66.8010 30364.09 86,70 .25
_ (0.5455) (0.8939)
v, = 0.50 0.0018 6.0771 3376.16 93.83 .19
(1.0000) (1.2835)
v, = 0,75 0.0008 8.4248 10531.00 95 .30 Y
(3.3750) (0.9188)
v, = 1.00 0.0003 - - 116.04 .00
' (6.0000)
v, = .25 0.0010 -0.9586 - 958.60 97.96 .15
Poe (2.2000) (~1.3524)
v, = 1.50 0.0011 ~0.5393 ~ 490.27 98, 31 .15
(2.2723) (—~1.9965)
vV, = 1.75 - -0.0086 - 100.79 13

(-0.8837)
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TABLE ..
MAXIMUM LIKELIHOOD RESULTS FOR THE FIRST

STAGE REGRESSIONS:

EXPECTED PROFIT

r- REGRESSION RESULTS
INDUSTRY
2 Zot 9 RSS r2
FOOD _
v, = 0.25 -0.0003 99,3227  -331075.66  344.58 .15
: (-0.6667)  (1.3809)
v, = 0.50 ~0.0002 2.9508 -14754.00 370.76 .09
(~1.0000)  (5.8020)
. . _ .
v, = 0.75 ~0.0005  16.792] ~33584.20  267.93 .34
(-0.4000)  (0.8439)
v, = 1.00 ~0.0004 - - 321.44 21
(-1.3333)
v, = 1.25 - -0.0001 1.3990 1399,00  296.20 ~- 0.27
© (~1.4285)  (0.6542)
v, = 1.50 - -0.4336 - 353, 44 13
. - (=1.1245)
Vo= 175 0.0001  ~-0.0900 900.00  271.33 .20
(5.0000) (~1.2278)
BEVERAGES
v, = 0.25 -0.0004 -67.6974 169243.50  60.16 40
N (-0.5000) ( -0.7060)
vT = 0.50 ~0.0005 -10.2610 20522.00  S1.55 .48
“(=0.6000) (~0.5459)
v, = 0.75 -0.0006 ~10.7927 17987.83  54.46 45
- (-0.5000) (~0.5114)
v, = 1.00 ~0.0001 0.0000 - 100.05 .00
(~4.0000) -
v, = 1.25 0.0001  "0.1556 1556.00  87.43 13
: (1.0000)  (3.2995)
v, = 1.50 0.0001 0.0292 292.00  87.41 13
(3.3333)  (3.9349)
v, o= 1.75 0.0001  -0.0266 -266.00  89.11 e
(1.0000) (=2.9173)
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TABLE 7. (Cont'd)

Expected Profit

REGRESSION RESULTS

INDUSTRY
Z,, Z,. 8 RSS 2
TEXTILES ‘
Vo= 2.25 0.0008 ~182.4139  -228017.37 838.76 0.37
_ (1.7777) (~1.6775)
.V, = 0.50 0.0001 -26.7916  -267916.00 1188.84 0.1!
: (12.0000) (-1.1037)
v, = 0.75 0.0000 -43.1969  -431969.00 1217.60 0.09
: (0.1493) (-1.2153)
v, = 1.00 0.0013 - - 443.80  0.66
; (0. 2308) .
Vo= 1,25 0.0003 1.1889 3963.00  S544.44 . 0.51
, (0.6667) (1.1429)
v, = 1.50 - 0.5325 - 691.11 0.48
. : (0.6032)
v, = 1.75 0.0001 0.0130 7.69 589.43 0.56
. (5.0000) (1.7769)
FOQOT WEAR
vV, = 0.25  ~0.00 -35.9246 32658.72  42.39  0.11
o (-2.8182) - (~1.1623)
v, = 0.50 -0.0018 ~6.4931 3607.27  35.73  0.25
: (-1.6111) (-0.7202)
v, = 0.75  -0.0029 ~4.5072 1554.20  38.73 0.18
(-3.5000) (~1.0078)
v, = 1.00 0.0001 - - 47.22  0.00
(3.5000)
v, < 1.25 0.0036 ~0.0593 -16.47  13.26 0.72
(0.2500) (-3.1399)
Sk
V= 1.50 0.0015 - 0.0106 7.06 7.71  0.83
; (1.5000) (3.1226)
v, = 1.75 0.0001 0.0085 85.00 8.97 0.8l
' ' (5.0000) (2.3647)
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TABLE 7 (Cont'd)

EXPECTED PROFIT

REGRESSION RESULTS
INDUSTRY
th ZZE "8 RSS R2
FURNITURE
v, = 0.25 0.0018 -65.6988  -36499.33 . 137.3} .23
(1.0000) (~1.1725) _
v, = 0.50 0.0021 ~9.4081 ~4480.04.  103.62 42
(0.6667) (-0.9012) A
v, o= 0.75 0.0026 ~3,7729  =1451,11 84.19 .53
(0.52.38)  (-1.8308)
v, = 1.00 0.0024 - _ - 55.56 .69
(0.1667)
v, o= 1.25 0.0014 -0.3515 -251.07 28.34 .84
(7.0000) (~1.3451) -
vE = 1.50 0.0006 -0.0691 -115.16 23.88 .86
' (0.1667) (-0.8393)
v, o= 175 0.0003 -0.0128 -42.66 26.58 .85
(1.0000) (~3.7500)
PAPER
Vo= 0.25 0.0019 ~42,3308 ~22279,36 68.23 .23
: (1.0526) (~1.3172)
v, = 0.50 0.0007 -7.8409 ~11201.28 68.18 .23
(2.7143) (-0.9329)
v, = 075 0.0004 -5.5988 -13997.00 75,98 V4
(3.7500) (-1.2494)
v, = 1.00 0.0004 - - . 85.22 .04
| (0.5263) .
v %= 1,25 ~0.0001 0.7572 -7572.00 55.03 .38
(~3.0000) (0.4914)
v, = 1.50 -0.0001 0.1635  -1635.00 62.14 .30
(-1.0000) (0.5774)
v, = 1.75 -0, 0004 0.0637 -159.25 81.06 .08
(~1.5000) (1.2465)
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TABLE 7 {(Cont'd)

EXPECTED PROFIT

INDUGSTRY

REGRESSION RESULTS

Z1¢ Zye 8 RSS r2
LEATHER
v, = 0.25 -0.0008 -10.5122 13140.25 t.44 .25
(~1.5000) (~0.7062) .
Vi o= 0.50 ~0,0013 -1,7843 1372.53 - 1,12 .42
(-0.0013) (-0.4703)
v, = 0.75 -0.0013 ~1.3758 1058, 30 1.38 .28
- (~1.0769) (~0.6275)
v, = 1,00 ~-0.0001 - - 1.93 .00
(~11.4308)
v, = 1.25 -0.0002 0.0736 -368.00 1,64 .15
(~4.0000) {0.0917) _
v, = 1.50 -0.0001 0.0112 ~112.00 1.79 .07
(-2.0000) (1.4643)
vy = 1.75 -0.0012 0.0148 ~-12.33 1.46 24
' (~0.6667) (0.6689)
RUBBER
VE = 0,25 0.0014 51.2045 36574.64 65,94 43
(0.5286) (0.9837)
V.= 0.50 0.0003 9.5149 31716.33  96.31 17
(5.3333) (0.8318)
v, o= 0.75 0.0013 8.1097 6238.23  83.05 .28
(0.8462) (0.8038)
v, = 1.00 0.0005 - - 113.89 .02
(2.6000)
V, = 1.25 -0.0005 0.2200 ~440,00 105,56 .09
(~1.2000) . (2.8591)
v, = 1.50 -0.0001 - -0.2312 2312.00 90.96 .21
(~1.0000) (-1.0748)
v, = 1.75 0.0002 -0.0661 ~330.50 92.1i6 .20
(2.0000) (~1.2148)
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The ranges of 8 for the Liquidity and Expected Profit theories are
~2206 to 13918 and -16 to 32658 respectively. These estimates of &
certainly suggest that setting the value of 8 to zero in the estimation
process as recommended by Klein, Steiglitz and Dhrymes will be misleading
‘and seriously bias the final results as well; (3) Even though the Qalue
of R2 ranged from about 0.50 to a little over 0.80 from theory to theory,
the value of Rz corresponding to minimum RSS exceeded.0.80 in each cas;
thus indicating strong associations between the dependent and explanatory
variables. ‘

All the foregoing analysis done for ;;e Footwear industrf can
indeed be generalized for the remaining seven industries. Such a genera-

lization is, however, saved for now since not much new information will in
fact be unfolded otherwise. Suffice it to say then that the ML estimate
of 8 for each industry was selected and then used to generate new data .

sets for the second stage regressions which form the basis of our next discussion.

Maximum Likelihood Estimates of the Second

Stage Regressions

_Estimates obtained from our second stage regression runs are contained
in Tables 8 - 12.¢ As the tables reveal, we have determined the best
distributed lag functions for each of our competing theories and for
each of the eight sampled'indugtries based on available data for tﬁe
period .1966 to 1976. The term "best" is used here in the sense that the
residuals from the computed regressions were shown to exhibit randomness

in virtually all of the forty cases but two. Although the regression
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residuals are analysed in greater detail later, one could conclude

even now fhat the maximum likelihood estimation of the dfstributed lag
functions in the distributed lag form has been more efficient than the
ordinary least squares estimation of the same functions which we carried
out in the auto-regressive form and, therefore, had to abandon owing

to the presence of serial correlations - in the residuals.

In each of Tables 8 - 12 the derived coefficients for each
industry under each theory are reported with the t-ratio appearing in
parenthesis below cach regression coefficient. Altogeﬁher, forty regre-
s§ion eqﬁations were estimated. The usual_significance test may be applied
iﬁ several cases to determine whether or.not a particular regression coeffi-
cient is- significant. With seven degrees of freedom as we have, a
computed t-ratio is significant if it exceeds 1.42 at 10 per cent proba-
bility level or 1.89 at 5 per cent probability level. It should, however,
be recalléd that the sign which a particular coefficient attracts could
be as important if not more important than its significance level especially
from the point of view of the required convergence of the distributed lag
weights,

Additional information contained in Tables ‘8 ~ 12 include the
previously calculated vaiues for the Vl's, and the goodness-of-fit statis-
tics, namely, the coefficient of determination-Rz, and the Geary test
for determining the randemness or otherwise of regression residuals.,

.
These goodness-of-fit statistics including the standard errors of estimate

-
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are also reported later in Table 14 to fécilitatera comparison of the
investment theories. Using these criteria, as well as the derived
t-ratios judgement can be made as to the overall best distributed lag
function for each industr& on which forecasts and policy decisions may
then be based.

To provide a brief explanation about the interpretation of Tables
8 - flékae.recéll the equation fitted for the second stage regression to

be of . the form:

where Ye represents net investment at time t, Zt rebresents current

' change in desired capital, and Zt— stands for the lagged change in

1

desired capital. Given the relationmship between desired capital and its
determinants under each theory of investment, Zt ultimately stands for
the current change in the following variables: Qutput Q , Liquidity L.

Expected Profit Vt, and the value of output deflated by user cost

C%Q)t. Similarly, Zt- stands for the lagged change in the value of

these variables, Substituting, therefore, the appropriate variables for

Zt, Zt_1 and y_, in the specific example of the Accelerator theory we

would expect our distributed lag functien to take the final form:
I ~8k__. = Borow (Q - Q) +au Q= Q)

| V]L

where L is the lapg operator.
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In Tablesf8 ~’;3'numerical values have been determined for each of
the unknown parameters - B, au_, au,, V] - of -+ this function. To
take the Textile example under the Accelerator theory in Table 10 we

= 0.0921, v, = 1,2500,

notice that B = 3.4129, duo = 0.0539, aqu :

- ]
Further individual estimates of d, u_, u,, may be obtained by applying
the linear restrictions stated previously in Chapter TI. This exercise
is infact pakep up later in Chapter V' for somec of the tﬁeories and
industries investigated so far., Meanwhile, for the purpose of seeing the
variations in the regression coefficients from one theory to the other
and thus ailowing much broader interpretgiion, we present -the Textile
results for the five alternative theories.

Beginning with the Expected Profit theory, Table 8, shows the

following distributed lag function for the Textile industry:-

Expected Profit Model
I, - th—l =--70.1437 + 0.000% (V_ - Vt_]) - 0.0008(V | - V._,)
I-1.2500L

Similarly, under the Liquidity theory in Table 97, we have the following

fitted function:

Liquidity Model

2.5167 +.0.0015 (L ,~L__ ) + 0.0003(L,_, - L )

i -th_ t
1 - 0.7500L

t

] =
The distributed lag function for the Accelerator theory is:

Accelerator Model

I - ok, = 3.4129+0.0539(Q, - Q,_ ) + 0.0921(Q__, =~ Q,_,)
1 - 1.2500L
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TARLE &

MAXIMUM LIKELTUOOD RESULYTS FOR THE SECOND STAGE

REGRESSTONS

EXPECTED PROFIT

REGRESSION RESULTS

INDUSTRY ~ , 1
B VerVee Vi Vs -V R y

FOOD 7.8896 -0.0000 -0.0000  0.7500 .0593 4
(2.7527) (-0.4582)  (-0.0241) .

BEVERAGES 5. 9862 -0.0005 -0.0002  0.5000 .5187 5
(4.2798) (~2.3504)  (-0.7797)

TEXTILE  ~0.1457 0.0009  --0.0008  1.2500 .6106 4
(-0.0250) (2. 5517)  (-1.9939)

FOOTWEAR ~0. 1109 0.0012 0.0004 1.5000 .8458 5
(-0.1997) (1.3272) (0.2852) -

FURNITURE 0.5071 0.0024 -0.0033  1.5000 7149 5

: (0.6295) (3.1136)  (~2.7898)

PAPER 3.4636 0.0013 -0.0016  1.2500 .0776 4
(1.3562) (0.6710)  (-0.6777)

LEATHER 1. 1483 -0.0015 -0.0009  0.5000 6311 7
(7.0513) (-1.8133)  (~1.7779)

RUBBER 4.4854 0.0022 -0.0016  0.2500 .5823 6
(3.6579) ( 2.8858)  (-1.6425)
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TABLE g
MAXIMUM LIKELTHOOD RESULTS FOR THE SECOND STAGE

{

REGRESSTONS

g LIQUIDITY

(2.0795) (1.1050) (0.6503)

INDUSTRY 2 }
B Loy LTI b T v R
FOOD 9. 3445 -0.0005 ~0. 000 "0.7500  0.4739 2
(4.2161)  (=2.2433)  (-0.5230)
BEVERAGES 1.6327 ~0.0003  -0.0000 1.2500 0.3687 6
. (0.5098)  (-1.7797)  (=0.0691)
TEXTILE 2.5167 0.0015 0.0003 0.7500  0.8546 4
(0.9225)  ( 5.8869)  (1.3402)
FOOTWEAR 0.0915 -0.0005 | 0. 0003 1.5000  0.8699 5
(0.1869)  (-0.4690)  (0.2047) .
FURNITURE 0.4559 0.0008 ~0.0007 1.2500  0.4698 4
' (0.3483) (0. 7138)  (-0.5049)
 PAPER ~5.1119 0.0011 -0.0050 1.2500  0.6322 5
(-1.6451)  (1.8339) (=3.2043) :
LEATHER 11,2247 ~0.002] ~0.0015 0.5000  0.6936 7
(7.6457)  (~2.0396)  (-2.0803)
 RUBEER 3.0926 0.0018 0.0011 0.2500  0.2683 6
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TABLE 10

MAXTMUM LIKELIHOOD RESULTS FOR THE SECOND STAGE

REGRESSION§
ACCELERATOR
R .
- REGRESSION RESULTS
INDUSTRY _
B Q.-Q_, Q_17Q V! R?
FOOD -25.2214 0.3339 0.2978 0.7500 0.2322
(~1.0390)  (0.7968)  (0.7246) :
‘ ' .
" BEVERAGES 5.7473 ~0.0576 0.0003 ' 0.5000 0.2849
(3.1570) (-1.5144) _ (0.1351)
TEXTILE 3.4129 0.0539 0.0921 _  1.2500 0.2841
(0.4408)  (0.2901)  (0.4385)
FOOTWEAR 0.3102 -0.0686 -0.0352 C1.5000  0.8779
: (0.6995) (-0.8067) (-0.2856) .
" FURNITURE 3.2646 0.0731 0.0140 0.2500 0.2716
: (3.5932)  (0.5850)  (0.4239) '
PAPER 4.7620 0.1215 -0.1946 0.5000 0.0507
(2.1954)  (0.5195)  0.5320)
LEATHER 0.2297 0.0986 0.1354 1.5000 0.4906
(0.8776)  (1.0069)  (1.5273)
RUBBER 6.8565 -0.3680 -0.0017 1.2500  0.5006
(4.2365) (=~2.2761) (-0.0111)
+
.
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TABLE 11
MAXIMUM LIKELIHOOD RESULTS FOR THE SECOND STAGE
REGRESSIONS

NEOCLASSTCAL I

REGRESSTION RESULTS

INDUSTRY
: : 9 -8 Q Qe z
! B (Pb)t (Pz)t—l (Pc)t—] (Pc)t 2V R

FoOoD 2.8194 ~-0,0005 -0.0001 1.5000 0.3652
(0.7904) (-1.7029) (~0.4593) -

BEVERAGES 6.4074 -0.1317 ™ 0.,0182 0.5000 0.4659

) (3.6109) (-2.2435) {0.3639)

TEXTILE 2.6186 0.1016 0.0113 1.5000 0.3125
(0.3584) (1.0447) (0.0944)

FOOTWEAR 0.1927 0.0323 -0.0258 1.5000"  0.8987
(0.4597) (1.8064) (-0.9764)

FURNITURE 0.9671 -0.0630 ~0.0502 1.2500 0.4670
(0.8799) (-0.6055) (-0.3291)

PAPER 4,9232 -0.0002 ~0.1583 0.5000 0.1303
(2.6629) (~0.1480) (-0.8820)

LEATHER 1.0173 -0.0106 -0.0068 0.5000 0.4257
‘ (5.3287) (-0.4421) (-0.5573) '
RUBBER 8.1387 ~0.5807 -0.0780 1.5000 0.5620

(4.4383) (~2.5475) (-0.3927)
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MAXTMUM LIKELIHOOD RESULTS FOR THE SECOND STAGE

REGRESSIONS
NEQCLASSICAL 11

REGRESSION RESULTS

INDUSTRY - )
Qy _pQ Q, Qy v
' B (Pc)t (Pc)t"'l (PE)t'..l"(PE)t,z R R
FOOD 8. 4446 0.0236 0.0239  1.5000 0.2254
(3.2802) (0.9360) (0.8823)
BEVERAGES 4.0627 -0.0061 ~0.008F . 1.7500 0.3762
(3.9264)  (~0.9584) (1.2172)
TEXTILE 3,5652 0.0114 0.0575  1.2500 0.2485
(0.4191)  (=0.8417) (0.3616)
FOOTWEAR ~0.4624 ~0.0775 -0.0571 1.5000 - ..0.7568
(-0.5830)  (-2.3143) (~1.2058)
FURNITURE  ~1.0669 0.0665 0.1876  1.2500 0.5823
(-0.7064)  ( 0.5319) ( 1.2541)
PAPER 5.9854 ~0.3292 -0.0233  0.5000 0. 3802
(3.8483)  (=1.5083) (~0.1236)
LEATHER 0.7989 0.0186 0.0019  0.5000 0.362]
(3.6749) (0.4863) (0.0846)
7.0158 -0.4536 -0.0728  1.2500 0.5021

RUBBER

(4.2478) (-2.2151) (-0.3594)
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Under the Neoclassical I Model in Table 11, the distributed lag function
for the Textile industry is:

Neoclassical Model I

I - 6k, = 2.6186 + 0.1016(Ptq% _ Pe-1%-1) +0, 0113 1 Y-t Fe-2%-2)
E c c c 1 C
t t—1 t- -2

1-- 1.5000L -
Finally for the Neoclassical IT model we have

Neoclassical Medel 11

1ok . =3 565240.0114¢%c%  Pem1Q-1) + 0.0575CFe=1%-1 _ Pe-2%e-2)

t el ¢ C c c
t t—1 -1 -2

1 - 1.2500L

A number of inferences can be derived from the preceding distributed
lag functions of w-hich the most obvious is the fact that alternative-thcorieé
of investme-nt show substantial variation in their characterization of
investment expenditures for the Textile Industry. Beginning with the
constant term we find this to be generally positive and to lie in the
‘range 2.5 to 3.5 for all the theories excepting Expected Profit with a
negative value much below unity i.e. -0.1457. Also, the numerator coeffi-
cients possess the expected positive sign generally, the exception being
Expected Profit theory with a negative coefficient for its second
vgriable, namely, the 1agéed change in desired capital.

However, despite the fact that each numerator coefficient is
numefically smaller than unity which gives some promise for the conver-—

gence of the distributed lag weights, large variations seem to exist in the
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coefficients from one theory to the other. For example, the coefficient
for the current change in desired capital varies from a2 low of 0.0009 for
Expected Profit to a high of 0.1016 for Neoclassical I while for the
lagged change in desired capital the range of variation is —-0.0008 to
0.0921. A comparison of the numerator coefficients with their corres-
ponding t-ratios as reported in Tables '8;-12r shows that some of them are
significant at the 5 per cent probability level while the others are signifi-
cantA;t the 10 per cent probability level. Choice examples of these are the
first and second numerator coéfficients of the Expe;ted Profit theory which
are significant at the 5 and 10 per cent probability levels respectivelf.
We could also cbserve that differences in.the theories are also reflected
in the values of the denominator coefficient which varies from 0.75 to
1.50 for the five theories tested on data for the Textile industry.
Finally, we consider the R2 statistic for the Textile Industry and
ohserve substgntial variatiéns in the explanatory powers of alternative
theories ranging from a low of 25 per cent for the Neoclassical I model
to a high 0& 85 per cent for the Liquidity model.

Based on regression coefficients and goodness-of~fit statistics
one may conduct similar interpretations as the foregoing for the remaining
seven industries under each theory of investment. Indeed an all-embracing
fype-of comparison of the investment theories from the view point of their

performance is undertaken in a section following our analysis of

regression residuals.
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Analysis of Residuals "N

-

One obvious peculiarity with the Durbin-Watsen (D.W.) 'd’ statisticI

norﬁally used in testing for ser;al correlation in regreséion.disturbances
is that the test is inapplicable when observations are fewer than fifteen.
“OtbeF problems with 'd' include the_ingqnclqsiv? ?egion of the D.W. table’
ice, ihe‘inferval'di<déaé‘ TG?TT!{ataﬁﬂzzdzrrﬂaéjgfgf AHE Walle and e
fact that in a distvibuted lag situation such as ours a suitable transfor-
mation of 'd' to an.'h' statistic2 as required for testing, is alsg handi-
capped by the fact that the 'h' test is designed for large samples in which
" the number of observations must exceed fEirty.

In these circumstances, thereforé, we resort to a non-parametric
test for seriai correlationlwhich was recently developed by.GearyB.- The
simple mechanics of the test is as foliowg. Assume that we EAQE 5 sct of
regression residuals from one run. These residuals are examined and the
number of sign changes 1! is noted. Given the number of observations T

for the particular regression, we then compare T' with tabulated mini-

mum and maximum values of T at specified probability levels.

1. J. Durbin and G.S. Watson, "Testing for Serial Correlation in Least
Squares Regression, I & II", Biometrika, 37 (1950), 409 and 38 (1951), -
145, ' :

2. J. Durbin, "Testing for Serial Correlation im Least-Squares Regression
when some of the Regressors are Lagged Dependent Variables" Ecenome-
_trica, Vol. 38, pp. 410-421, 1970.

3. R. C. Geary, "Relative Efficiency of Count of Sign Changes for Assessing
* Residual Autorregression in Least Squares Regression, "Biometrila,
57 {1970), 123. '
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If the inequality T min < 7! < T max holds from our comparison where
T min and T max represent minimum and.maximum values of T respectively,
we then accept the hypothesis of random distribution of the residuals at
the tested probability level. If, on the other hand, the inequality fails,
we of course accept the alternative hypothesis of positive serial correla-
tion. This then is the manner by which an ordinary count of sign changes
leads to a decision regarding the presence or absence of serial correlation
of re§iduals at a prescribed significance level, -

Geary himself conducted a Monte Gérlo experimgﬁt for the case T = 40
and found the count of residual sign changes to be practically as efficient
as the Durbin-Watson test. More recently, however, Habibagahi and
Pratsahke] compared the power of the Von Neumann ratio, Durbin-Watson and
Geary tests and concluded as folloﬁs:_ : ——-

"the Geary test is particularly useful. Statistical

data, espccially time series, typically has more than

30 observations, and the Geary test is almost as

powerﬁul as either Von Neumann or Durbin-Watson for

Large T. Furthermore, the regression residuals are

generally available to analysts, and the counting of

sign changes provides a simple, quick and casy

1. H. Habiﬁagahi and J. L. Pratschke, "A Comparison of the Power of the
Von Neumann Ratio, Durbin-Watson and Geary Tests", Review of Economics
+« and Statistics, Vol. 54, pp 179-185, 1972.
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méthod of testing for autocorfelation without
having to havé recourse to tﬂe computations
required for Dﬁrbin—Watson"'

One useful by-product of the work by Habibagahi and Pratschke is
their Table]zwhich cxtends the original number of observations censide-
red by Geary to between 3 and 55 at the 1 ;nd 3 per cent probability
levels. To illustrate the usefulness of the extended table to our fitted
distribyted lag functions we take for example, the Téxtile industry in
Tablq 8 . 1In order for the hypothesis of randbmly distributed errors to
be accepted for the case T = 9, we expect the number of sign changes
in the regression residuals to lie Between 2 and 5 (inclusive) at 5 per
cent probability level, and to attain a maximum value of 6 at 1 per cent
probability level. Comparing T' = 4 with tabulated T at BAper cent
probability level we find the null hypothesis of randomly distributed.
disturbances to be supported for the Textile industry under the Expected
Profit theory.

A generalization of this test to the forty regression cases reported
in Tables 8 - 12 produces the following summary results: 29 out of 40
cases showed evidence of randomly distributed disturbances at 5 per cent
probability level; 9 showed the evidence at the 1 per cent probability
level, while 2 cases showed evidence of posiﬁive serial correlaticen. Ve may

therefore, conclude that the estimation of our distributed lag functions

1. ibid, p. 184
2. ibid, p. 180
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by the maximum likelihood method has generally produced randomly distribu-
ted residuals.

In the section which now follows, we take up the ranking of alternative
theories of investment as were tested in the preceding section of this
chapter. Such a ranking will, hopefully, lead to a decision as to the theory
providing the bést explanation of investment behaviour in Nigerian manufac-

turing industiries. .

A Compariscon of Alternative Theories

So far, a sizeable amount of work has been done on the émpirical
study of investment behaviour at the individual firm or industry level. By
contrast, much fewer studieé appear to havé examined the relative performance
of aliernative theories of investment -as a way of elucidating the guestion
of which theory provides z betier or, in fact, the best evplanation of
investment behaviour. Notable among these studies, however, are those of
Jo$genson and Siebert, Jorgenson, Hunter & Nadiri, Wynn and Holden; and

Bischoff.l

1‘Se&:e D.Vi. Jorgenson & C.B, Siebert, "A Comﬁarison of Alternaiive Theories

of Corporate Invesiment Behaviour"; D.W. Jorgenscon, J. Hunter and M.I.
Nadiri, "The Predictive Performance of Econometric Models of Quarterly
Investment Behaviour," Econometrica Vol. 38, pp. 213-24; R.F. Wynn and

- K. Holden, op. cit.; and C.W. Bischoff, "Business Investment in the
1970's: A Comparison of Models, "Brookings Pap ers on Economic Activity,
1:1971, pp. 13-58,
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The study by Jorgenson and Siebert is a cdmparison of five
theories of investment on the basis of énnual data’for fifteen corporations
in the United States for the period 1949—63_and a combined data series for
1937-47 and 1949-63. The study by Bischoff was essentially aimed at
projecting future levels of business inves£ment in the United States ﬁsing
construction and equipment expenditure. Nevertheless, the author still
found the need to try "a variety of different models". because, as of the
date he was writing (that is 1971), "no consensus'has developed among
economists about the determinants of imvestment. "~ Wynn and Holden, on
the other hand, set out "io illustrate the testlng of various theories
of investment behaviour within a unified framework! based on the procedure
adopted by Jorgenson and Siebert, and, on annual data for tho United

Kingdom for the period 1958-70. Common to all these studies “hen is ‘e

choice of investment theories and the econometric procedure used in

characterising the underlying distributed 1ag process. In particular, ihe
theories examined have included the Accelerator, Liguidity, Expected
Profits, Neoclassical I, and Neoclassical II, as well as the Federal
Reserve-MIT-Penn (FMP) model in the case of Bischoff's study. A rational
distributed lag has also provided the basis for éhe lag generating mephs.
nism. Conclusions obtained from some of these earlier results could

therefore be compared with the results obtained from this present

study.

Y ¢.W. Bischorr, ibid. p.13.
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As é way of discriminating among alternétive theories of investment
a number of "performapce eriteria” have been developed and utilized in
the comparative studies mentioned above. These criteria incilude: (i) mini-
mum residual variance; (ii) analysis of the fitted coefficients of changes
in desired capital and (iii) the goodness-of-fit statistic, Rza In applying
the residual variance criterion to measure relative performance among
alternative specifications'of ﬁhe theory of invegtment behaviour the
decision rule is to select thetheoréiﬁf investment behaviour whose residual
variance is the least as providigg the best explanation of investment
behaviour which 6f course implies that the errors themse;ves must be
randomly distributed. When suppleﬁenting this rule with the rule of

the fitted coefficients one focuses attention on the coefficients of

changes in desired capital since this is the most important way to distin-

.-guish the theories of investment in Chapter II. Each of the fitted

distributed lag functions is then, examined both for its number and
<
significance of coefficientsof changes in desired capital. Conclusions

from this examination are then supplemented by an analysis of the gcodness-of-

fit statistic i.e. the R2 statistic.
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The preceding performance criteria are now applied in discriminating
among the five theories specified and tested in this study. We begin with
an analysis of fitteq coelTicients of changes in desired capital as
sumiarized in Table 13. The upper half of the table shows the number of
coefficients of changes in desired capital that entered the regression
function for all the industries included in owr sample while the lower
half of the table indicates the number of coefficients of changes in
desired capital entering the distributed lag function with a t-ratio
significant at 5 per cent or 10 per cent level for all the eight
sampled industries. |

TABLE 13_

Number of Coefficients of Desired Capital

Model Axt ' Axt“l Total
Accelerator 8 8 16
Liguidity ) 8 7 15
Expected Profit 7 7 14
Neoeclassical I ; 8 8 16
Neoclassicel II ‘ 8 8 16

Number of significant Coefficients

Mollel ) : b X 4 4 X £1 Total
Accelerator 2 1 3
Liguidity 5 2 7
Expected Profit 5 4 9
Neoclassical I 4 O 4
Necclassical II 3 0 3
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The notation Axt'has been used in the table for the current change in
desired capital while Axt_l stands for the lagged change in desired
capital, The fighres appearing under each symbol are then the respec-
tive numbers of coefficients intefpre;edaécordin?lyﬂ . If one selects
the Accelerator model for illustxation, Table 12 may be interpreted as
follows: for the eight industries considered, the Accelerator theory had
a total of.eigﬁt coefficients for the current as well as for the lagged
change in desired capital making a total of 16. Out-of the eight coef-

ficients in each case, 2 coefficients for the current change in desired

capital and ! for the lagged change in desired capital had t-ratios

© that were significant at 5 or 10 per cent.

. A closer examination of Tablel3 1leads to the following conclusions:
(i) each theory of investment behaviour (ecxcept liquidity and Expected
Profit) has 8 cocfficients of current change in desired capital and 8 of
lagged change in desired capital making a total of 16 for each theory;
(ii) out of this total number the significant coefficients were 3 for
the Accelerator, 4 for Neoélassical I and 3 for Neoclassical II theories
of investment; (iii) the liquidity theory has 8 coefficients of current
change in desired capital and 7 of lagged change in desired capital making
a total of !5 while the numbers are 7 and 7 respectively making a total

of 14 for the Expected Profit theory; (iv) out of these total numbers, the

E

significant cocfficients were 7 for liquidity and 9 for Expected Profit
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theories of investment. On the basis of the number of coefficients of
desired capital entering the distributed lag function we may rank the
investment theories as follows:

1, Neoclassical I, Neoclassical II, Accelerator

2. Liquidity

3. Expected Profit. -
This ranking implies that three theories, namely Neoélassical I, Neo-
classical II and Accelerator share the first position in providing the
best explanation of investment behaviour-at the level of individual
manufacturing industries while Liquidity and Expected Profit occupy se-
cond and third positions respectively. As we consider the number of sign=~
ificant coefficients, however, we find a dramatic shift in the preceding
ranking to the following:

1. Expected Profit

2. Liquidity

3. Neoclassical I

4, Neoclassical II, Accelerator.
This time, Expected Profit emerges in the first position followed by
Liquidity and Neoclassical I in second and third positions respectively

while the last position is shared by Neoclassical II and the Accelerator

theories.

Ed
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In order to progide a more quantitative basis for further assessing
the relative performance of alternative theories of investment behaviour
some statistical measures of goodnes of fit, including fhe coefficient
of multiple determination, R2, the standard error of estimate, 5, and the
Geary Statistic,T, are provided in Table 1/ ﬁor all theories of investment
behaviour considered. Although the coefficient of multiple determination
is presented in a_form not adjusted for degrees of f;eedom this dges not
seem to weaken its usefulness as a standard of comparison for the five
investment theories since the-degrees of freedom aré the same for each
fitted distributed lag function. The ;Eandard error of estimate is, in’
any case, adjusted for degrees of freedom and the findings based on this
could reinforce those from the Rz. A computed Geary statistic,T', provides
a basis of comparison as te the degrée of randomness of thén;rrors among
the theories of investment considered since a computed 'tv' value for 9
observations 1is required to-lie between 2 and 5 (inclusive of end-points)
at the 5 per cent probability level of error, or attain a maximum value
of 6 at the‘l per cent probability level. It will be seen later that
only in two out of forty regression cases were these critical values
violated which leads 'us to the preliminary conclusion that the maximum

likelihood estimation of the investment functions in the distributed

lag form sufficiently surmounted the problem of aute correlated residuals.
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TABLE 1/
Industry and Model Goodness of Fit statistics
R? S 7!
FOOD INDUSTRY )
Accelerator | 0.2322  7.1862 4
Liquidity o 0.4739 5.9484 2
Expected Profit 0.0593 7.9543 4
Neoclassical 1 0.3652 6.5343 6
Neoclassical 1I 0.2254 7.2177 2
BEVERAGE INDUSTRY
Accelerator — 0.2849 3.2758 6
Liquidity ‘ 0.3687  3.0777 o
Expected Profit -0.5187 2.6874 5
Neocelassical I 0.4659 2.8310 3
Neoclassical II 0.3762 . 3.0595 ... 3
TEXTILE INDUSTRY .
Accelerator 0.2841 12.3784 5
Liquidity 0.8546 5.5782 4
Expected Profit 0.6106 g.1291 4
Neoclassical 1 0.3125 12.1304 5
Neoclassical 11 : 0.2485 12.6826 5
FOOTWEAR INDUSTRY
Accelerator _ 0.8779 0.9613 4
Liquidity 0.8699  0.9924 5
Expected Profit 0.8458 1.0804 5
Neoclassical 1 ‘ 0.8987 4.6004 5
- Neoclassical II 0.7568 1.3569 6
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. TABLE 17" (Cont'd)

Industry and Model Goodness of Fit Statistics

R? S !

FURNITURE INDUSTRY

“Accelerator 0.2716 2.5030 &
Liquidity ' 0.4698 2,1354 4
Expected Profit . 0.7149 1.5659 5
Neoclassical I 0.4670 2.1411 . 4
Neoclassical II 0.5823 1.8953 4
PAPER INDUSTRY N
Accelerator 0.0507 3.6338 4
Liquidity 0.6322 2.2618 5
Expected Profit 0.0776 3.581% 4
Neoclassical T 0.1303 3.4781 4
Neoclassical II 0.3802 2.9362 4
LEATHER INDUSTRY
Accelerator 0.4906 0.3835 4
Liquidity 0.6936 0.2974 7
Expected Profit 0.6311 0.3264 7
Neoclassical 1 0.4257 0.4072 5
" Neoclassical II 0.3621 0.4292 5
RUBBER INDUSTRY‘
Accelerator 0.5006 3.0100 6
Liquidity 0.2683 3.6434 6
Expected Profit 0.5823 2.7529 6
Neoelassical I 0.5620 2.8190 6
Neoclassical IT 0.5021] 3.0054 6



146
We now turn to analyse the coefficient of determinatiog, Rz, for

the fitted distributed lag functions as contained in Téble;i[.
A summary of the frequency d%gtribution of R2 by type of investment
model is presented in Table I5 More specifically, the upper half of
Table fl5ﬁlassifies the values of R2 into five groups for each type of
investment model. .Since the theoretical values of R2 are supposed.to range
from 0 per cent to 100 per cent, indicating polarized cases of "no relation-
ship" and "perfect relationship" respectively, £he‘experimental outcomes
of R2 have been grouped into those faiiing (i) above 80 pef cent, (ii) betwecen
60 and 80 per cent, (iii) between 40-and‘60 per cent, (iv) between 20 and
40 per cent, and (v) below 20 per cent. The distribution includes all the
cases favourabie to each investment model over the sample éﬁéce of industries .
considered. The lower half of Table}ﬁj’then presents the results of the ranking
done for the {requency distribution of the R2 values. Ranks are distributed
among the five groups of R2 in the order of 5, 4, 3, 2, !, and are used to
multiply their respective row values in order to obtain the scores given in
the lower half of the téble. From the last row of Table 15 the overall
performance of each model can be seen in relation to the others. Thus,
Liquidity emerges with 28 points and is followed by Expected Profit (25 peints),

Neoclassical I (22), Neoclassical 11 (20), and Accelerator (20).

£
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TABLE 15

: 3
FREQUENCY DISTRIBUTION OF R™ BY TYPE OF MODEL

Model
Range of Rank Accelerator Liquidity Expected Neoclas— Neoclas-
RZ ) Profit sical I sical Il
Above 80 5 1 2 1 1 0
60 - 80 4 0 2 3 0 1
40 - 60 3 2 2 2 4 2
20 - 40 2 4 2 0 2 5
Less than 20 | 1 0 2 1 -0
DISTRIBUTION OF NUMBER OF SCORES
Model _.
Range of Accelera~ Liquidity Expected Neoclas- Neoclas-
RZ 'éor Profit sical I sical IT
Above g 5 10 - 5 0
60 - 80 0 8 2 4
40 - 60 6 6 6 12 6
20 - 40 8 4 0 4 10
- Less than 20 I 0 2 I 0
Total 20 28 25 22 20

In terms of their explanatory powers, alternative investment theories may

now be ranked as follows:

1. Liquidity
2 Expected Profit
3. Neoclassical 1
4 Neoclassical II, Acecelerator.
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Next, we consider the relative per{ormance of alternétive invest-
ment models on the Lasis of-the.minimum standard error criterion.” For
tyis purpose, the values of the standard error of estimate given in Table
1% are used to rank alternative theories and the results are reported in
Table 16, There are two ways in which one can interpret the indicated
ranks. The first approach which we refer to as the "inferiority rank"
proceeds by considering the entries along the columns while the secoﬁd
approach also called the "superiority rank" considers the enteries along
the rows. The figures given in each column represent, the number of
industries out of eight .for which the investment theory présented at the
top of the table has a larger standard error than-the theory showm on the
left harnd side of the table while the converse holds true for the TOWS.
Thus if vie select the Liquidity itheory for illustration the column under
this theofy shows that the Liquidity theory has a larger standqﬁé error
than (i) the Accelerator (for 2 out of & industries); (ii) the Expected
Pfofit, (for 3 out of 8 industries); (iii) Neoclassical I {for 3 out of 8
industries) and (iv) Neoclassical II (3 out of 8 industries). A1l the
entries have accor dinglybeen summed up by column and by row. The column
totals which-show cases of coﬁparatively large standard errors éuggest'
that the smaller the column total the higher the rank of its associatéd
theory. "Row totals, on the other hand, indicate that the larger.the row

total, the higher the rank of its associated theory.
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. TABLE 16
STANDARD ERROR CRITERION OF MODEL RANKING

Model ~ Accele- Liqui- Expected Neoclas— Neoclas- Total
rator dity - profit sical I  sical II

Accelerator 2 2 2 4 10
Liquidity 6 5 5 5 21
Expected

Profit 6 3 6 6 21
Neoclassi- ‘

cal I "6 3 2 : 5 16

Neoclassi- .

cal II 3 3. 2 3 11
Total 2] I il 16 20

Applying both the principle of 1nférigrity rank' and that of
"superiority rank' to the standard efrors of estimate for each theory
of investment behaviour for all industries, we obtain consistent results
whereby we can rank alterﬁative theories of ;nvestment behaviour as

follows:—

Liquidity, Expected Profit

Neoclassical T -

.

1
2
3. Neoclassical I1
4

. Accelerator.
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At this juncture it is useful to summarise the results obtained
from our analysis of the comparative performance of five theories of
investment behaviour and to“ﬁa;s on overall judgement as to their respeciive
explahatory abilities. Using the eriterion of the number coefficients of
desired capi£31 we had obtained the following rénking for the theories:

1. Neoclassieal I, Neoclassical II, Accelerator

2. Liquidity,

3: Expected Profit
This ranking shows a multiple tie between Neoclassical I, Neoclassical II,
and Acceclerator while Liqﬁidity occuﬁges the second position. The last
position is taken by Expected Profit. On the ofher hand, the ranking
done on the basis of significant coefficients produced the following
results . "

1. Expected Profit

2. Liquidity

3. Neoclassical I

4. Neoclassical IT, Accelerator .

Next, the coefficieﬁt of multiple determination yielded a ranking in
which Liqudity emerged superior as follows:

1. Liquidity
Expected Profit

Neoclassgical I

oW

Neoclassical II, Accelerator
Finally, the "superiority rank" and "Inferiority rank” approaches

led to the following ranking:



1. Liquidity, Expected Profit

2. Neoclassical I

3. Neoclassical IT

4. Accelerator

From a visual inspection of these four sets of resulis it is clear
that no uniform pattern has really emerged from the ranking of aliternative
theories of investment behaviour. It would appeér, fherefore, that an
overall judgement Ean only he made if the four sets of results are them-
selves ranked. This is the exercise “carried out in Table 17 below.

TABLE 17

OVERALL DISTRIBUTION OF OCCURENCES

) Medel
Accele- Liqui- Expected Neoclas- Neoclassical
Position Rank  rator dity Profits sicali 1 II_
1 A 1 2 2 1 1
2 3 0 2 1 1 0
3 2 0] 0 1 2 1
4 1 3 0 0 0 2
RANKED SCORES
. Model :
Accele- Liqui- Expected Neoclas- Neoeclassical I1
Position rator dity Profit sical I
1 4 8 8 A 4
2 0 6 3 3 0
3 0 4] 2 4 2
4 3 0 0 C 2
Total 7 14 13 11 g
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The upper half of Table.l7 shows the nmﬁber of.times a particular
model of investment occupied.the first, second, third or fourth position
on the four ranking lists. Thus, it can be seén that the Liquidity model,
for example, won the first position twice and tbe second position twice.
1f fanks are distributed among the ﬁositions in a descending order of
importance, i.e. 4,3,2,1 and used to mulfiply their fespective row values,
wé then obtain the scores given in the lower half of Table 7. Using
now, the last yow of Table 17 we finglly arrive gﬁ an overall fanking of
the five models Af investment behaviour tested in this study as follows:
l. Liquidity, -
2. Expected Profit
3. Neoelassical I
4. Neoelassical II
5.  Accelerator
From this overall ranking we can conclude that the best explanation
of investment behaviour by manufacturing industries in Nigeria.during
the period of analysis has been provided by the Liquidity theory, with
-the Expected Profit theory follo;ing closely. Neoclassical I theory
occupies the third position which then emphasizes the importance of
including capital gains {or losses) in the price of capital services used
in deflating the value of output. Fourth in explanétory importance is
Neoclassical II model which is agin to the Neoeclassical I model except
for the exclusion of capital gains. Thé Accelerator model then comes last.
These results may now he compa;ed with those earlier obtained by

previous investigators in this area. In their comparative study of



153
fifteen corporaticns in the Unitedetates, Jorgenson and Sieb_ert1 had
found the Neoclassical.I model to be superior'to Neoclassical II while
Expected Profit, Accelerator and Liquidity models foolowed in that order.
This finding was also corroborated in the study by Jorgenson, Hunier

and Nadiri.‘ Bischoff, in his study of US investment in structures and
equipment had concluded that the FMP medel, a variant of Neoclassical I
model had performed best relative to the others. Wynn and Holden found
support for the crude Accelerator in their own tests using aggregate capiial
formation series.for the United Kingdom. Francis Scotland2 ran his tesis
non-residential structures for the period 1962 1o 1977. He reported that
although his results reflected "the importance of output as the underlying
deﬁerminant of investment, all the models were basically similar in their
ability to track investment" while the MNeoclassiczl model stood out 2s
"the most tractable in terms of analysis" (being) "the most appropriate
framework Tor determining the effects of monetary policy on investmeni'.

" The observed performance of the Liquidity model in the Nigerian case
may be explained by the fact that for a growing economy such as ours the
optimm size of industry tends to be small initially thus heightening the

3

importance of internally generated funds for the financing of invesiment

lD.W. Jorgenson and C.B. Siebert, "A Comparison of Alternative Theories of

Investment Behaviour," op.cit. see also D.W. Jorgenson, J. Hunter and
M.I. Hadiri, op. cit.

2F.Scotland, Investment: A Survey of Models with some Implications for the
Effects of Monetary Policy, Ottawa, Bank ol Canada, Dec. 1981, { Bank of
Canada Technical Report 29).

3A big boost to such funds occured in several instances during the period
covered by this study when stringent exchange control measures were
adopted by government leading to the suspension of transfers in respect
of dividends, profits, management agency fees, ete. See Central Bank of
Nigeria, Annual Reporis, (1966-1976) |
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expenditures in the specific context of felatively underdeveloped money
and capital markets. Consequently, sﬁch financial considerations may
well dominate others like sales changes, tax policy; or fiscal incen-
tives. An additional explanation could be due to a probable sensitivi-
ty ﬁf the models to the type of data used in the sense that retained
earniﬁgs tended to have dominated much of private foreign investment
during the period of our analysis. This impression concerning choice
of data tends to be reinforced by the non-homoéeneity in the results
reported for the-countries cited above among others., Finally, the
result obtained could further reflect sensitivity to the number and -
types of performance criteria utilized in discriminating among
alternative investment models.

Having regard, therefore, to the foregoing caveats; the issue of
which model actually possesses "the best" sxplanatory power in an econume-
tric investigation such as we performed may not necessarily be reéarded
as closed. New bodies of data generated from time to time will permit
a comparison of the results obtained from testing such data with present
results either for validation or otherwise. In any event, it would
appear rather pertinent to observe that the relative imporiance of the
models could even lie in their individual ability to tract changes in
policy instruments, ignoring other considérations. In this sense, the
Neoclassical models have been adjudged superior to others in specific
investigations. Consequently, this versatility of the Neoplassical

models is rigorously tested in the chapter that follows.

PR




Summary

This chapter has presented an empirical test of the rational
distributed lag fﬁnctions é;fiier specified in chaptef TIT aimeddat
yielding evidence on the determinants of investment behaviour in
selected Nigerian manufacturing ihdustries including Food, Beverages,
Textile, Footwear, Furniture and Fixtures, Paper and paper Products,
Rgbber, and Leather, The five theories of investment which were
tested are- Accélerator, Liquidity, Expected profit, Neoclassical I
and Neoclassical II. For each industry relevant annual data were
obtained for such variables as inves%ﬁent, sales, capital siock,
depfeciation, output, liquidity, profit_and price of capital services.
These variables were then transformed where necessary for the purpose
of estimating the ratiocnal distribﬁted lag functions by fﬁé maximum
likelihood (ML) metihod.

The ML method involved undertaking regression runs at two
stages. Iﬁ the stage one regression, the numerator of the ratiénal
distributed lag, U(L), was assumed to be of zero degree and then a
function of the form,

Yy T Uglyy t U8l
was fitted for each industry under each theory of investment
behaviour where Yy is net investment exﬁenditnre. From this

regression, ML estimates for Vl, the regression coefficients for the

variables Z . and Z2t’ and the parameter © were derived. Of course,
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data for the th

assuming Vl to lie in the range 0.25'1Vj‘ £3.75 and then spacing the

and Zét va?iables had earlier been generated by

values at intervals of 0.25. In order to execute the second stage

i e

regression the derived estimate of O was used to generate a Zt

variable 1 the i i =
e from relationship Zt th + QZ2t where the th and Z2t

values were chosen so as to correspond to the ML value of Vl'

Assuming U (L).to be of first degree, the stage two regression
then tock the form

z

Yo = ugly * W2y 4

t
" where y, once again represented net investment expenditure, Zt the
current change in desired capital, anduztﬁl the lagged change in
desired capital. Given the relationship betweeé desired capital and
its'Qeterminants under each theory of imrestmen’r,,.Z_t ultimately
stood for the current change in the following‘variables; 6utput Qt’

Liquidity L,, Expected Profit Vt, and the value of output deflated

+?
by user cost (ﬁ% )t‘ |

On the basis of the first stage function and the generated
data, seven regressions were performed for each industry under
each of the five theories of investment thus producing a total of
280 single equation results. Each fitted regression equation was
examined for its values of RSS, @, and Vl 80 thét the minimum RSS from
each group of seven (single equation) results was selected. The

- values of Vl and © corresponding to this minimum RSS were then picked

as the M. values for Vl and @,
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Using the footwear industry for example, we found Vl to be
equal to 1.5 for all the theories. The values of © however varled
.substantially across theori?si_as could suggest differences among
the theories tested, Taking the case of Neoclassical IT theory and
the Footwear industfy as an example, we found that @ varied
nurerically from & low of -3.31 to a high of =349082 from whicﬂ an
ML value of -3,31 was selected. Similar rances were noticed f~r the
other theories which led uz to conclude that the value of 0 shouid
hot be set to zerc in the estimetion process 48 recommended by Klein,
Steiglitz and Phrymes, other-wise the final results wou'd be sericusly

biased. Furthermore, it was found at the first stage level that the

value of ﬁé corresponding to minimum RSS exceeded 0.80 in the case
of the Footwear inhustry under each theory thus indicating strong
associations between the ‘dependent and independent variaﬁlés.

At the second stape level we determined the best distributed.
lag functions for each of our competing theories and for
cach of the eight sampled industries based on the available data for
the period 1966 to 1976. Of the forty regressions fitted; thirty
'eight showed randomly distributed residuals when tested on the basis
of the Geary test statistic which led us to conclude that the ML
- estimation of the distributed lag functions in the distributed lag form
turned out to be more efficient than the OLS estimation of the same
functions which we carried out in the autoregressive form and had to

ebandcn owing to the presence of serially correlated residuals.
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Using the example of the textile industry, we derived the
following inferences from our second stage regressions:
(i) +the constant term was generally positive and fell
in the range 2.5 to 3.5 for all the theoriés
excepting Expected Profit with a value of -0,1457;

(ii) the numerator coefficients of the rational distributed
lag functions possessed the expected positive sign
generally with the exception of Expected Profit
theory which had a negative coefficient for iis
second variable; i.é. - the lagged change in desired
capital; B

{(iii) despite the fact that each numerator coefficient was
numerically smaller .than unity as reguired, all
the coefficients varied‘substantially from theory
to theory and were significant at 5 or 10 per cent
probability le§els;

(iv) differences in alternative theories were further
reflected in the value of the denominator coeffi-
cient Vl which varied from 0.75 to 1.50 for the
five theories tested on data for the Textile industry;

(v) the R2 statistic indicated substantial variations in the

explanatory powers of alternalive theories with a

range of 25 to 85 per cent.
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i

Although the preceding inferences were based on the Textile -
industry, all—eﬁbracing type of comparison of the invesiment theories
from the standpoint of iheir nérformanee’was undertaken usinﬁ .
performance: criteria which had previously been applied in similar
situations by Jorgenson and associates, Wynn and Hblden, and Bischoff.
The eriteria included miniﬁum residual variance, analysis of tﬁe
fitted coefficients of changes in desired capital, and the good-
ness-of-rit statistie, R,

All these etriteria were applied in discrimin;ting among the five
theories of investment with each criterion vielding a particular
ranking for alternative theories of investment. For éxample, the
ranking procedure done for the R2 Statistic as a pnrformance eriterion
showed that the Liquidity theory was superior to the other theories
while the ranking done on the basis of significant coefficients showed
that the Expected Profit theory was superior to the other theories in
the explanation of investment behaviour. On the whole, four seis
of results were obtained from the four performance criteria used.
However, as could be ekpected; no wiform pattern‘of results actually
emerged from the ranking of alternative theories of invesiment
béhaviour. Consequently, all the four sets of results had to be
ranked. This overall ranking led us to conclude that the best
explanation of invesiment behaviour by manufacturing induétries in
| Nigeria during the period of our analysis was provided by fhe Liquidity

theory. Expected Profit theory followed in the order of importance
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while Neoclassical I was superior to Neoclassical If. Of course, the
Accelerater theory occupied the lagt position.

These Tindings should be seen to differ in some respects from
those earlier obtained in previous studies done for the United States,
British, and Canadian economies where the Neoclassical I, Acceierator,
and Output theories respectively were found to provide the best
explanation of investment behaviour. Overall, it would appear ﬁhat'
the findings obtained across industries could be sensitive not only
to the choice cf data, but perhaps, also to £he number and types of
performance criteria utilized. In.;he final analysis, fhe superiority
of an investment model could lie even more in its ability to track

policy changes relative to other models, than in other considerations.
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CHAPTER V .

ANALYSIS OF DISTRIBUTED LAGS
- AND POLICY J5SUES

Introduction

We turn finally in this chapter to an examination of the

policy implications which may be derived from the empirical resuiks
reported in the preceding chapter. Indeed, a number of economic policy
measures can be based on the results obtained from a regression fitted
to the relationship between net inve;Lment and its underiying deter—
minants, More so, the appropriate timing of economic policy may yield

desirable effects on the economy if the pattern of theilégs associated
with investment expenditures‘were to be precisely estimatéé.

The time pattern of investment behaviour should indicate .
whether t#e lags in investment expenditures are short, long or

substantially distributed over time. From the point of view of an

economic policy which is intended to steer the economy along a stable,

non~cyclical path by stimulating the level of investment it is desirable

to have a fairly short lag between changes in the instruments of

policy and the resulting level of actual investment expenditures. On
the other hand, if tﬁe_lag between the changes in policy and actual
jnvestment spending is long, policy measures may produce the unintended
effect of destabilizing rather than stabilizing the economy by giving
the wrong signals to policy makers. Finally, economic policy making

may also Benefit from a knowledge of the form of the lag between changes



in policy measures and the leveihof investment expenditure that comes about.
If the effects of polic& changes on in#estment are "highly concentrated' in
time, policy makers will need to access the appropriate.time for the
implementation of their policies. On the other hand, the more the effects
are diffused over time the less will policy makers have to worry abéut the
timing-of their policies.

A number of studies in the literature have attempted to
measure the "average lag" or, the "mean lag", between investment expenditure
and its determinagts using annual or quarterly data.] Similarly, while a
few other studies have attempted to'Eharactérize the form of the lag dis-
tribution underlying investment behaviour,2 the long run response of invest-
ment has, in any case, been given scanty attention. What is, perhaps, more
disturbing is the fact that evidence in thase categories of studies has
accumulated rather fast for developed countries and slow, if anythiné, for
developing countries.

In this chapter, estimates are derived for (i) the average lag between
changes in determinants of investment and actual investment spending and,

(ii) the long run response of investment to changes in its determinants,

The form or time shape of the lag distribution underlying investment

behaviour is also determined while some compérative static results are obtained
for the relationships between investment, the desired level 6f capital, and

their determinants. Consequently policy implications from the estimated time

lags and shapes are also derived.

]See, E. Kuh, "Theory and Institutions in the Study of Investment Behaviour,"

American Economic Review, 53 (May 1963), 260-268;

D.W. Jorgenson & C.D. Siebert, '"Optimal Capital Accunulation,” op.cit.,
D.W. Jorgenson and J.A. Stephenson, "The Time Structure of Investment
Behaviour in United States Manufacturing, 1947-1960") Review of Economics
and Statistics, vol. 49, (Feb. 1967).

2See, L. M. Koyck, op. cit. and R.M. Solow, op. cit.
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Time Structure of Investment Behaviour

In order to characterize the timé pattern of the investment process
in the Nigerian manufacturing industries, we employ regression results
contained in the preceding chaptef. More specifically we select for analysis
five manufacturing industries -~ Leather, FoodsFootwear, Textiles, and
Rubber - whose coefficients were found to satisfy precisely the non-
negativity constraints stipulated earlier in Chapter I, These industries
represent three theories of investment, namely, Accelerator, Liquidity, and
Neoclassical II. But while the analysis of the time éattern of response
is done for all the industries, only the Leather industry is examined further
with respect to its comparative static features since i£ emerges strictly
from a Neoclassical model.

We begin by estimating the average lag betwce% changes in the
determinants of investment behaviour and actual investment expenditures.
For this purpose it is essential to derive estimates of the coefficients

u and u, from the relcvant equations as reported in Tables & - 12, To

take the fitted Neoclassical 11 function of the Leather Industry for illustra~

tion it is seen that the estimate for au is 0.0186; for u, it is 0.0019,
From previous calculations in chapter IV, the estimate for v, is -0.5000,
while for § (the annual rate of replacement) it is 0.296. Observing the
rule in Chapteryythat EwT = 1 so that EuT = EVT, it is possible to obtain
final estimates of the parameters ¢ u_, uy and vy These coefficients

are, in fact, estimated to be: -

@ = 0.0137, v, = 1.3577, u, = 0.1387, v, = 0.5000 and v, = 1
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(by normalization). In order to derive the mean lag or average lag,

these final coefficients are substituted into -the following relationship:

Average Lag = ——e—e— +

. . 2 . .. .
Similarly the longrun response  of investment to changes in its underlying

.determinants may be derived from the relationship:

Long-run Response =

Both average lags and long run responses have been calculated for the

Leather, Textile, Rubber; Food and Footwear industries using the
Neoclassical II model for Leatﬁer, Liquidity for Textile .and Rubber,

and Accelerator model for Tood and Footwear. The results are showa in
Table 185

‘ 3
Calculiations of the distributed lag weights, Vo from the

final coefficients, u. and Vo of the relevant regressions are necessary

‘for any further characterization of the time structure of the investment

process. Thus, if we denote by v the weight- corresponding to lag O,

ESee G.S5. Maddala and A.S. Rao, 'Mawimum Likelihood Estimation of Seolow's
and Jorgenson's Distributed Lag Models," The Review of Economics and
Statistics, Vol. LIII, 1971 p.85; P.J. Dhrymes, L.R. Klein, and

K. Steiglitz,Fetimation of Distributed Lags," International Economic
Review, Vol. II, No. 2, June, 1970, p. 249 and G.S. Maddala, Econometrics,
MeGraw Aill, Inmc., USA, 1971, pp.370 - 378.

2See Maddala and Rao, ibid.

3See A. Griliches op. cit. p.23 and Jorgenson (1966, p.146)
"Rational Distributed Lags....."
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v, the weight corresponding to lag !, and so on up to wo we obtain a

series of weights corresponding to each lag from the following

relationships: P e e

(1 - v

w, o= {1 - v]) + v]wg

by %

= >
and, V. v]wT_1 for T 1

The seguence of weights W have been determined for lags 0 to 5 and
since 21l the weights must sum to unity for convergence of the series,
the fest of the weights may be obtained by subtracting the sum of the
- six estimated weights from unity, Following Jorgenson &'Siehert] we
refer to this estimate as the "Remaining Lag" in Tablel® and also
show estimates of the first six weights, Tt may be recélled from the
theoretical formulations in Chapter T that the sequence of weights
w. actually describes a.distributed lag relationship between net
iqvestment and changes in desired capital,
We can of course proceed one step further and calculate a

second group of coefficients, kT, which measure the distributed lag

]D.W. Jorgenson and C.D. Siebert, "Optimal Capital Accumulation"
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relationship between gross investment and changes in desired capital.
These kT ccefficients are particularly important for assessing the
effects of changes in the déterminants of desired capital. In the case
of the Neoclassical I model, for instance, it will be recalled that

the price of capital services is one of the determinants of desired
capital, On the other hand, the price of capital services also depends
on tax policy so that calculations of the kT coefficients measure the
relative influence of changes in tax policy on investment behaviour.
Estimates of k. for each of our five industries as reported in Table]8
have been obtained from the relationéﬁipslr ko = v, k]'= w, - (]-6)wo,

k
2

to lag 1, and so on.

]

v, = l(l-ﬁ)wj, teiransasenaesy Where ko corresponds to lag o, k1

The third set of coefficients, %, which are calculated and also

5]
reported in Table 18 for the five industries, measure the response of gross
investment (or the proportionate changes in both expansion and replacement
due)to 2 change in desired capital that persists for, say, 8 periods previous

to the current time. For this purpose the series of cumulative sums Ze

have been calculated from the kT series using the formula™: .

8] 8-1
7 = LK = W + 87 wT
T=0 T=0

Tsee D.W. Jorgenson and C.D. Siebert, "Optimal Capital Accumulation"
p. 1144,

2D.W. Jorgenson and C.D. Sicbert, ibid.
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In this relationship, w, (i.e. net investment) is the change in gross

o
jovestment that results from changing desired capital by one unit 8
periqu earlier, while GEWi is the replacement of investments which had
already been undertaken, For completeness, the sequence of coefficients,
denoted RT are also calculated either directly or as the difference
between ZT and Voo and are shown in Table 18 so as to facilitate a

discussion of the role of replacement in the investment process. Taking

‘the food industry, as an example, we easily see that 0.1321 is an estimate

for Eo while 0.3311 is an estimate for 2]. Thus, 1f the desired level of

r

TABLE 18

TIME FORM -OF LAGGED RESPONSE

Lag (1) Nepclassical 11

Le;ther - W KT ) ET RT
0 0.4537 0.4537 0.4537 ¢.0000

T 0.2732 . -0.0462  0.4075  0.1343
2 0.1366  —0.0557 0.3518 0.2152
3 ' c.0683 -0.0279 ¢.3290 G.2607
4 0.0342 -0.0139 0.3151 0.2809
5 0.0171 . ~0.0670 0,3081 0.2910

Remaining 0.1535

6 0.2960

Average Lag 1.0927

Longrun Response 2.9928
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TABLquathont'd)

TIME FORM OF LAGGED RESPONSE

Lag (1)

Food v,
0 0.1321
I 0.2170
2 . 0.1628
3 0.1221
4 0.0916
5 0.0687
Remaining 0.2057
8 0.8640
Average Lag 3.4714
Longrun 6.9992
Footwear
0 - 0.6294
1 0.2780
2 0.0695"°
3 0.0174
4 0.0043
5 0.0011
Nemaining 0.0003
§ 0.9730
Average Lag 0.4941

Longrun Response 1.6663

K

T .
0.1321
0.1930
0.1333
0.1000

0.0750

0.0562

0.6294
0.2610
0.0620
0.0155
0.0038

0.0010

éggplerator

W
0.132} .0000
0.3311 141
0.4644  0.3016
0.5644 L4423
0.6394 5478
0.6956 .6269
0.6294 .0000
0.8904 6124
0.9524 .8829
0.9679 .9505
0.9717 .9674
0.9727 L9716
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Lag (T)
Textiles

0

5 -
Remaining
8
Average Lag
Long Run Response
Rubber

0

5
Remaining
8
Average Lag

Long Run Response
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TABLE 18 (Cont'd)

TIME FORM OF iLAGGED RESPONSE

Ligquidity

0.2083 0.2083 0.2083 0.0000
0.1979 0.1506 0.3589 0.1610
0.1484 0.1035 0.4624 0.3140
0.1113 0.0776 G.5400 0.4287
0.0833 0.0644 0.6044 0.5211
0.0625 0.0436 0.6480 0.5855
0.1883 -
0.%730

3.1667

7.2000

- 0.4655 0.4655 0.4655 0.0000

0.4009 0.3790 0.8445  0.4436
0.1002 D.0814 0.9259 0.8257

0.0251 0.0204 0.9463 0.9212

"0.,0063 0.0031 G.9514 0.9451

0.0016 0.0013 0.9527 0.9511
0.0004
0.9530
0.7126

1.6812
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capital services changes in period ¢, by one ﬁnit‘grosé'ihvéstment will change
accordingly in period t + 1 by 0.3311. Of this change, the proportionate
share due to in#estment for expansion is 0.2170 and, for replacement, it
is 0.1141. Continuing the brogess, one finds thét the proportionate
change in gross investment actually approaches the rate of replacement,

§, as a limit. This discussion may be generalized for the remaining four
industries.

Beginning with Leather, we notice that a change in desired capital
services in the first period leads to a provortionate change in gross

investment of the order of 0.45337 ma&e up entirely of investment for
expansion, By the end of the sixth pe%iod, the proportionate

chaﬁge in gross investment is 0.308! which is due-largely to investment
for replacement with a negligible proportion, 0.0171, for cﬁpansion
purposes, This pattern of behaviour is also tfue of the.Footwear, Textile
and Rubber industries such that the peak response in net investment

(i.e. for expansion) occurs within the first year - the only exception
being food with a peak occuring in the second year. In all cases, how-
ever; after the expiration of say, the first two years, the response of
investment for replacement purposes begins to dominate the response of

investment for expansion purposes. From this observed behaviour of the

lag structure underlying the investment process we may conclude that

replacement investment should be taken into consideration when formulating

an investment policy for counter cyclical ends.
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After the preceding discussion of the time pattern of investment
behaviour we now go on to characterize the form of the lag distributiom
in each of the five industries. For this purpose, we make use of the
computations of average lag also appearing in Tablel8™ Thus, the
average lags are: 1.09 years (or 4.4 quarters) for 1eather, 3.47 years
(ox 13.9 quarters) for Food, 0.49 years (or 2.0 quarters) for Footwear,
3.17 years for 12,7 quarters) for Teutiles, and O.}l yvears {or 2.9 gquarters)
for ﬁubber. Most of the industries therefore show average lag between
changes in desired capital and net investment expenditures of between
six months and a little over one year, with a spread of up to three
and a half years for others. Also, 2ll industries show differences
between the average lag and the year of peak response. Fo;nPeathér, Food
and Textiles the average lag exceeds the peak year while for Footwear and
Rubber the average lag falls short of the peak year. The differences in
all the cases_actually range between three months and two years. Since no
industry shows average lag coincident with the peak year, we may conclude
that the 15# distributions from industry to industry are nogﬂsymmetric.
Consequently, sever2l of the lag patterns indicated in Chapter III
the "arithmetic", "inverted — V', etc, cannot adequately be used to

describe the lag patterns underlying investment behaviour in the Nigerian

manufacturing industries.
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We mﬁy ﬁoé sumnarize our findings on the tine péttern of investment
behaviour.and the form of the lag distributions in Nigerian manufacturing
industries. As coﬁputed, the average lag for new plants and.for sizeable
additions to exisging plants ranges between six months and ahout three
vears (or two and twelve quarters) from the time it is decided to
undertake a_projéct to the actual completion of the construction work.
For most industries, a substantial amount of investment expenditures
takes place in the very first year that a change in desired capital
manifests itself. After the expiration of say, the first two years,
however, the response of investmentrfor replacement burposes begins to
aominate'the resnonse of investment for expansion purposes.  TFor ail
the.caSes'conéideredh.the.differentes between the average lag and the

the peak year range between three months (i.e. one quarter) and two

years (i.e eight quarters). We may, therefore, conclude that

the lag distributions from industry to industry-are non-symmetric.

These findings have wide ranging policy implications which are

taken up in the final section of this chapter.

Heanwhile, we may compare our results with those obtained for the United

1 -
States in recent years. Jorgenson and Stephenson” found the average lag for

1 See D.W. Jorgenson and J.A. Stephenson, "The Time Structure of Investment

Behaviour in United States Manufacturing, 1947-1960," op.cit. pp. 16-27;
D.W. Jorgenson and C.D. Siebert, "Optimal Capital Accumulaticon and
Corporate Investment Behaviour”op.cit. pp. 1123-51, and Hall and Jorgenson,
op-cit. pp. 40-43,
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manufacturing to be two years while for individual industries it ranged from
- 115 to 2175 years. - :. Jorgenson and Siebert estimated the mean lag for
individual firms in the manufacturing industries as ranging from one to two

years. In a later study, Hall and Jorgenson found a '"new estimate” for the

-
1

mean lag for manufacturing struct;res to be 1.86 years. as against a
previous estimate of. 3.84 years. The form of the lag distribution in
those studies was also found to be asymmetrical. We therefore, conclude
that our results agree substantially with results obtained from similar
studies done for the United States of America in recent years. Unfortumately,
however, we are so f;r unaware of estimates of mean lags and the time
structure of investment behavicur in the manufacturing industries of
developing countries with which our findings may be compared at this -
moment. Such a comparison could probably have pr;duced additional
interesting conclusions,

The time pattern c? investment behavieour which was cha;acterised
iﬁ Tablel® s sketéhed incharts1-10 for the five industries. From tﬂe
diagrams it ean be seen that the time form of lagged.respopse‘varies from
industry to industry just in agreement with our discussion of Table 18.

Fer Leather, Footwear and Rubber, the response of investment reaches a

peak in the first year, while for Food the peak occurs in the second year.
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In the case of Textileé, there is virtually aﬁ extended pecak from the first
to the second year —~ thus approximating closely the pattern observed for
Food. This similarify is also reinforced by averagellagslpf the order of
thirteen quarters obscrved for the Texgile and Food industries respectively.
But since the Leather, Footwear and Rubber industries indicate, on, the
other hand, average lags quite below five quarters, we can infer that the
lags are much shorter for these three industries than for the other two -
Textile and Food, )

From some intuitive understanding of the working of the Nigerian
econamy one may hazard some explanation-for the observed pattern of
investment behaviour in these industries. The case of Food and Textile
where the lags in investment arc much longer is §ue to the fact that
businessmen do not consider that a sudden change in the demand for thesc
products will assume a permanent character until some time (may be,
one-and-a~half years) has actually eclapsed. This uncertainty further
derives from the special preference of Nigerians for foreign textile and
food vis-avis locally produced ones. The common examples are Austrian
lace as opposed to Nigerian lace, "George" textile . and African prints,
"American Uncle Ben's" rice and Nigerian rice, Norwegian Stockfish
and Ibru fish, etc. Consequently, investment spending in the Food and
Textile industries exhibits substantial lags even though the long run
responses {(as shown below) which .. --reflect’ - ~ the propensity of Nigerians
to consume the products are quife large too. A converse argument which needs
not be pursued here can also be advanced for the Leather, Footwear and

Rubber industries. However, more important from the point of view of the
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relationship between aggregate demand and investment expenditures we may

infer the following phenomenon usually characteristic of short and long

lags. Specifically, if the observed situation of short lags predominates

N

in the Nigerian manufacturing industries we would expect that for the most

part, investment expenditure first rises and then falls so that a change

in the demand for capital will have an initial effect of stimulating the

I

level of agpgregate demand and depressing it thereafter. TIf the observed second

situation of long lags prevails, on the other hand, we would expect for the
most part that investment expenditure responds rather sluggishly and reaches
i —

a peak after a3 fairly long lag. Consequently, a change in the demand for

capital stimulates aggregate demand from rather low levels and proceeds

monotonically towards its longrun equilibrium level. However, there may

well be reasons for supposing that both of these situations may coexist in
the Nigerian manufacturing sector in which case the stimulation of investment
will tend to preoduce differential effects on aggregate demand. These
results have obvious consequences for policy making which are taken up later
in this chapgéf. ' - |

For now, two other sets of results are discussed, namely, the longrun
impact and the elasticity of output. The longrun effects of changes in desirea
capital on investment expenditures were reported for each industry in Table
18 and are now summarized as follows: -Leatﬁer (2.99), Food (6.99), Footwear

(1.67), Textiles (7.20), and Rubber (1.68). The impact is therefore in

.the rznge of 1.7 to 7.2 for all the industries implying that in the long run,
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a unit chanée in desired capital will increase investment by between 1.7
and 7,2 units., If thislrange is considered wide enough so as to be
representative of total manufacturing ﬁe could conclude that for the
Nigerian manufacturing industries the long run response of investment to
a unit change in desired capital is of the order of 1,7 to 7.2 which should
be regarded as-fairly large elasticities for purposes of policy.

The elasticity of output with respect to capital, g > was obtéined
for-each industry during the process of deriving final estimates of the
regres§idn constants, namely, UO and U,. The results are summarized in

i
‘Table 19 below.

TABLE 19 -
ELASTICITY OF QUYPUT WITH RESPECT TO CAPITAL
Indusiries Elasticity Co-
(@)

Leather 0.,0137
Food - 0.3610
Footwear 0.0697
Textiles | 0.0010
Rubber 0.0023

Tt will be observed that the responses of output to unit changes in
capital input vary substantially from industry to industry with a low

of 0.001 to a high of 0.361. Specifically, the respbnses are 0.0137
{Leather), 0.3610 {Food), 0.0697 (Footwear)}, 0.0010 (Textile), and 0.0023
(Rubber), Thug, a 10 per cent change in the capital input variable will

change output by the following magnitudes in the respective industries:
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0.14 (Leather), 3.61 (Food)}, 0.70 (Footwear), 0.01 (Textile) and 0.02 per
cent (Rubber). The response of ouiput to changes in the capital input
variable thus varies from industry to industry being ﬁighest for Focd, and
lowest for Textile. These estimates are however suspected to be on the
low side. Jorgenson and Stz_aphensonl in a similar sitvation had obtained
equally low estimates ranging from 0;0052 to 0.2639 for seventeen indus-
try groupings in the United States.2 On the whole, however, the simple
estimates which we have derived permit us to adopt a finer classification
of, "more capital using" or "heavy" indﬁstries for Food and Footwear, and
“less capital using" or "Light" industfies for Rubber, Leather and Textile.
Such a classification will soon be found useful from a poliéy standpoint,

Comparative Statie Analysis of Investment Behaviour

We now undertake a comparative static analysis of investment behaviour

a
in the Leather 1ndustry3 Becauée'oply the Neoclassical theory can be used
for this purpose among the tﬁeories of investment considered in this study,
we resirict attention to ﬁhe Heoclassical II theory which excludes capital

gains or losses in the measurement of the price of capital services. Also,

“the Leather industry is selected because it happened to be the only industry

under the Neoclassical I1 theory that satisfied the specified constraints so

lD.W. Jorgenson and J.A. Stephenson, "Investment Behaviour in U.S. Manufacturing
Manufacturing ...."-op. cit p. 215. )

2Such underestimates have been traced to possible aggregation problems,
failure to account for variations in the rate of utilization of capital,
etc, See Helliwell, op cit., p.18.

3Fo“ results.on Unlted States! data see D.W. Jergenson, .'Anticipations and
Investment Behaviour," in J.S. Duesénberry; et: al] (eds); The Brookings
Quarterly Econometric Model of the United States, Hand McNally & Co.,
U.S.A., 1965, pp. 86 - &9.
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that use can now be made quite readily of its results of the time pattern
of ‘investment response Qorked out in the preceding section.

The objective of our comparative static analysis is two fold: firstly,
we intend to measure the responses of demand for capital té changes in cach
element of the tax structure and market factors as summarized in the
equation determining the price of capital services and the onc determining
tﬁe demgnd for capital in Chapter &I; secondly, we use the derived estimates plﬁs
éstimates from the time structure ;nalysis to derive short and long-Ferm
responses of investment to changes in the elements of the tax structure and
market forces.
t

We recall from Chapter II that the demand for capital may be defined

as K¥ =, while the price of capital services, ¢, also follows the

a5
c
definition,C< T§312j~un) § + €]. Using the tool of partial derivatives on

these equations we have the following results:

(i) the response of demand for capital to a change in the rate of

. . . 8k* - dk=x de _  -apf
interest 1s: 3r - 30 ¢ i 7 * -y <o

(ii} the response of demand for capital to a change in the price of

. . . ok* - gkx de  _  _opQ ! -
investment goods is: 3 " 3¢ Bq ° Cz . l_u(r + 8 u51<q

Yiii} the change in demand for capital due to a change in the price

of output is:

ak* “ﬁ{
T T e

(iv) the effect of a change in the tax rate on demand for capital

du gc dJu : c? (1-u)

.. Ok Ak dc  _ —uph q_, LG8+ 1) T/
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(v) the effect of accelerated depreciation allowances on

A

- demand for capital is:

3K* « Ok* dc  _ opQ

Oh* T OK® el ! 9 >0
on dc  dn C2' I-u” ud.

By recalling the relationship between inyestment expenditures and
desired capital as depicted in Tablejg’, the preceding resulgé may be
extended to cover the comparative static relationship of investment to
its underlying determinants as follows:

(i) the response of investment to a change iﬁ the rate of intérest

is: -
*
R S A
(ii) the response of investment to a change in the price of

investment goods is: -

31 9I.  2w*

—— <
dq dk* *  3q °

(iii) the change in investment due to a change in the price of
output is:
a1 a1 ok* -
—_—t = = —— 20
ap ak* dp

(iv) the effect of a change in the tax rate on investment is:

—— = o <p

31
du dk* °  du

(v) the effect of accelerated depreciation allowances on

investment is:

9L _ 3T Bk*
an dk* "on
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In order to demarcate these responses into short and long term effects

we make use of the short run estimate of ZT, namely, ET with lag zero

appearing in Table 18 and its long run estimate, §, as short and longterm

. . gl .
approximations of T respectively., Hence, the short term response of

investment to a change in the interest rate will be given by,

ar T or
while the long term response is given by, : .

31 RIS

. ’ dr dr

! —

By the same procedure, short and long term responses of investment to other

market conditions and the tax structure are ecasily derived. Indeed, the

details of these responses have been worked out and the final results
presented in Tables 20and 21l . Tor this purpose all the variables apoearing
in the comparative static equations except af{obtainable from Table 19 were

set at their 1976 levels.

‘ TABLE . 20

LR .

Response of demand for capital to changes in

market conditions and the tax structure -
Leather Industry

Market Conditions " Response
Jk* ’
e . 0.8976
%
Okt - 0.2114
dq
-j‘ J—
L 0.2123

ap
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Table 20 (Contd.)

Tax Structure . Response
X .
9,&-‘5-— -~ 0.0004 ‘
i —— -
k% 0.0359
on

Considering the response of demand for capital to changes in market
conditions we find from Table 20 that a unit decrease in the rate of
interest will raise the demand.for capital by 0.8976 units; similarlfl
a unit decrease in the price of investment goods will raisethe demand
for capital by 0.2114 units while a unit change in the price of output will
lcad to a corresponding change of 0.2123 units in the demand for capital.

With respect to the effects of changes in The tax structure on the demand

for capital we find that a unit decrease in the tax rate will lead to an

almost negligible increase of 0.0004 units in the demand for capital while
a2 unit liberalization in depreciation allowances will lead to a corresponding
increase of 0.0359 units in the demand for'capital. This analysis may be
summarized by observing that the response of the demand for capital services
to changes in market conditions and the tax structure varies Qidely from
Vﬁriéblelto variable being largest for the rate of interest, about cquai for
the .price of investment goods and the price of output; somewhat low for the
liberalization of depreciation allowances and virtually zero for the tax rate.
Since these responses aré only intermediate to the final aim of determining
the response of investment expenditures to market conditions and the tax
structure we now discuss the final estimates.

)

On Tablc .21, short and long-term responses of investment to changes

in market conditions and the tax structure have been calculated and may

LI Tt e Lre o e r_,":ﬂ.i_.,.'.
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be interpreted as followg:
(i) A unit decrease in the rate of interest will increase investment
! expenditures by 0.4072 units in the short run and by 0.2657 units
" in the long run;
TABLE 2]
Short and Long-term responses of Investment to
changes in market conditions and the Tax Structure -
' Leather Industry
Market Conditions Short term Long term
-~ Response Response
s -~ 0.4072 - 0.2657
Y
21 - 0.0959 - 0.0626
9q
i 0.0963 0.0628
P
Tax Structure
ar :
3 - 0.0002 - 0.0001
u
%l : 0.0163 0.0106 -
n
(ii) a unit decrease in the price of investment goods will increase
* investment expenditure by 0.0959 units in the short run and by
0.0626 units in the long runj
(3ii) a unit change in the price of output will change investment
demand by 0.0963 and 0.0628 units in the short and 16ng terms
respectively;
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{iv} a decrease {increase) in the tax rate by one unit will
increase (decrease) investment by 0.0002 units in the short
run and by 0.000! unit in the long run;
{v} a liberalization of depreciation allowances-by oné unit
through the provision of accelerated depreciation facility
will have the effect of increasing investment expendituré by 0.0163
units in the short run and by 0.0106 units in the long run.
Summarising theée results, we find that short run responses are
generally much larger- than long run responses; that responses of investment
to market conditions are much larger than the responses to tax policy;
that, under market conditions, the rate of interest tends to exercise the
most potent influence on investment while the price of invéstment goods
and the price of output exercise numerically equ#l but neutné{izing effects
on investment; and, that, under the tax structure, the tax rate is viftually
impotent while accelerated depreciation does have some effect on invest-
ment demand,
While these results are strictly true of the Leather industry they
nevertheless have much wider applicability to the manufacturing sector
of the Nigerian economy as a whole. This should come as no surprise
judging from our previous results which tend to indicate that most of the
industries exhibit common characteristics. Censequently, policy implications
from these resulté also have wider applicability to the broader objectives

of macroeconcmic poliecy. Such implications are part of the ones discussed

in the next section below.



194
a s

Policy Issues

The preceding results of average lags,'longrun responses, elasticities
of output, time forms of lagged response, and comparativé static analysis,
have some policy implications which are now discussed. To facilitate our
discussion it seems necessary to bring together the results obtained in
various sections of this chapter.

‘i The. analysis 6f mean lags does suggest that the manufacturing industries
may be classified into two broad groups, namely, those with short lags of
between g@o and five quarters, and those with long lags extending up to twelve
qﬂarters. Thus the average lag for new plants and for substantial additions
to existing plants cxtends between two and twelve quarters for the manufactﬁring

sector from the moment it is decided to undertake a project to the actual

completion of the construction werk. :Whercas a substantial amount of investment

expenditure takes place in the very year that a change in desired capital
shows up, after about two years have elapsed larger proportions of invest-
ment will be devoted to replacement than for expaﬁsion. Consequently, replace-
ment investment must be taken into account when formulating policies with
c0untercyc1icai ends in view. Since for all the industries con;idered
the average lags differed from the peak years, the lag distributions were
‘also found to be 'géymmeérical. Both the length and forms of the
underlying lag distributions in the industries, as just summarized have
implications for the nature and timing of ecoﬁomic nolicy as will soon be
discussed.

Estimates of the elasticity of output with respect to capital ipput

showed Vary&ngjéegkéé§“df“reéybnsE"ﬁf”UUtpdtjid'cépitél f¥om™’
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industry to industry whereby we found it necessary to clasgify ‘the
industries into two groups - "light" and " heavy" industries-based on

. ‘ their relative degrees of capital productivity. This distinction has some

pelicy signif{cance as indicated below.

DS UL T

From the comparative static exercise done striectly for the Leather

_ }
I : industry but with results taken to have wider applicability under some

fairly restrictive assumptions, we come up with the following policy issues

*_j " on the relationship.between investment and its underlying determirants:
i (1) market forces tend to exercise much greater influence on
» investment demand than tax policies;
? ' (ii) of the market forces, the rate of interest which is the price of
; credit and instrument of monetary policy in Nigeria turns ocut to
o be most powerful in regulating investment activity in the

manufacturing sector;
(iii) both the price of output and price of investment goods exhibit
§ - neutralizing effects on investment demand such that an increase
R . | in the price éf investment goods will leave the level of invest-
ment demand unaltered as long as enterpreneurs are in a position

to effect an equipréportionate inerease in the price(s) of their

product{s). Thus,in an inflationary situation where the price

of investment goods may also be rising and capable of choking

off investment demand thereby retarding economic growth, business-

men are likely to adopt counteracting measures including

!
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alterations in the prices of their products thus ensuring a

- continuity of their investment plans.
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Considering the elements of the tax structure, it would appear as if
the rate of corporate taxation is a rather weak instrument for the promotion
of investment expenditure, Coﬂgéquently, very generous tax concessions
including low tax rates and accelerated depreciation allowances Wil}_serve
more to deplete potential government revénue than raise substantially  the
level of investment demand. This observation should however not be taken to
imply a total discouragement of fiscal incentives for investmgnt promotion
but that such incentives should be regarded as suﬁp]ementary to other more
potent’ factors, such as market conditions, when aﬁpraising policies for
growth or stabilization purposes. o

Following from the preceding overall summary of our findings in this
chapter and some discussions of policy issues, two other central issues
that merit consideration are the channel by which policy affects investment
demand and the effectiveness of policy for stabilization or growth purpqsés.
These considerations finally lead to a set of recommendations that may be of
interest to the Federal Government of Nigeria.

Under the Neoclassical II model the desired level of capital is
made to depend on three méjor variables - the rental pfice of capital
input, the price of output and the level of output. In turn, the rental
price of capital input depends essentially on five other vafiables -
the cost of capital, the tax rate, the price Ofrinvestment goods, the
level of capital allowance; (or, broadly, the investment tax credit) and
the tax treatment of depreciation allowances. Through the medium of the

rental price of capital inmput, therefore, tax and monetary policies exert

their influence on investment behaviour. Thus, a change in the tax rate or
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the level of capital allowances or the cost of capital for

instance, will affect the rental price of capital input which

in turn, will affect the level of desifed capital stock, leading
finally to a change in investment. In concrete terms, if the

rate of inleresi falls by say 10 percentage points while other determi-
nants of desired capital, and, therefore, . of investment expenditures
remain unchanged, then gross investment consisting mainly of new
plants and additions to existing plants in the Leather industry will
inerease by 4.07 percentage points in the short run and reach a peak
within the first year of the change in policy after which gross
investment then declines, Net investment also'follows the same pattern.
However, a difference had been noticed between the average lag and

the year of peak response in net investment so that lag distribution

is non-symmetric. Therefore, after the decline in net investment gross
investment will continue, in the meantime to be affected by the new
monetary measure of the interest ratve because of expenditures being
undertaken for replacement purposes. This pattern of behaviour
naturally corresponds to the behaviour characterized in the preceding

éections of this Chapter.
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Given this "transmission mechanism,"l therefore, deliberate
policies for economic growth such as; the fiscal iﬁcentives
reviewed in Chapter "I, reduetions in company income. tax,
variations in the rate of interest, and other similar policies,
may succeed in stimulating investment expenditures and consequently
the level of aggregate demand. Evidence from this study suggests
that since iag distributions are non-symmetric and short term
responses tend to be larger than longferntresponses the same set
of growth inducing measures will produce differential effects on
separate categories of industries as_between "light" and ”heavy”
industries, for example. In particular, while an investment boom
is oceuring in the light and intermediate products industries )
during the first two to four quértgrs-of a change in policy and
thereby stimulating aggregéte demand, investment expenditure is
only just beginning to géiher momentum in the heavy industries

stimulating aggregate demand as well. If the initial investment

‘boom in the light industries leads policy makers to the mistaken

lIbis is a convenient phrase to adopt here but should not be

taken as throwing much light on the celebrated controversy
between the Keynecians and Monetarists since, strictly speaking,
we have not constructed an aggregate model for the Nigerian economy.
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impression that the e00n6my is being overheated there may well be a
temptation for a reversal of policies. Such a turn-adbout in policy
will naturally prove disastrbus‘at a8 time when investment in one
branch of maﬁufacturing happens to be on ﬁhe down turn and is only
Just pickiné up in another branch, Indeed, the ideal policy review,
say, in the second year of the first policy action should focus more
on measures fo arrest the possible down turn of investment in the
light industries thereby sustaining the overall level of aggregate
demand. 1In view gf this scenario, 'policylmakers will achieve thier
growth or stabilization objectives better by striking an appropriate
time for the implementation of'their ﬁolicies.-

From a different perspective, evidence presented in this study
doeé suggest that a unit increase in the level of desiréd_eapital
caused probably by a tax policy change, will increase invesiment
expenditure in the light industries by about 1.7 to 7.0 units and in
the heavy industries by sbout 1.7 to 7.2 units, or more generally, by
& range of 1.7 to 7.2 units for total manufacturing. Estimates of
these elasticities then provide some indication to policy makers as to
the probable magnitudes qf policy intervention as well as the magnitudes
of policy consequences, |

Finally, the derived estimates of average lags, longrun responses
and the general time pattern of investment behaviour may be seen to shes
light on the general problems of developmént as expounded earlier in

Chapter I. Investment is not only linked closely to growth, the pattiern
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of growth that emerges very ﬁﬁd] reflects sgciéty's choice of
technique and overall indusirial strategy.
Summary |

In this chapter, we hé;e‘érgued the case that eéonomic policy
making can benefit {rom a knowledge of the lag structure underlying
the investment process simply because changes in policy instruments
have diréct effects on investment spending while investment expendi-
ture in turn affects aggregate demand. Hence, the policy maker should
know hoth the time pattern of investment behaviour aé well as the form
of the lag distribﬁtions. For an economic policy meesure to be stabi-
lizing, there is need for fairly short lags between changés in policy
instruments and actual investment expenditure. If, in the alternative,
long lags actually prevail, policy measures are then likely to be
destabilizing., These tendencies occur in such a way that, given a
situation of short lags, investment expenditure first rises and then
falls so that a change in the demand for capital will, initially,
stimulate invesiment demand only to depress it thereafter. On the
other hand, when long lags prevail investment expenditure will, for the
most part, respond rather sluggishly and reach a peak after a fairly

long lag. Hence, a change in the demand for capital will stimulate

aggregate demand from rather low levels and proceed gradually towards

its longrun equilibrium level.
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Apart from the preceding relationships based on the size

of the mean or average lag, econemic policy making may also
benefit from a knowledge of the form of the lag between changes
in policy measures and investment spending which wiil be deter-
mined by the symmetry or non-symmetry of the lag distributions.

So, if the effects of poliey changes on investment are highly

. concentrated in time inplying non-symmeiric distribution, the

policy maker needs to strike an appropriate time for the imple-

~mentation of his policies. Of course, if the effects of poliey

measures are diffused ovér time, the policy maker really has no
need to worry about the itiming ofmgis pelicies.

These possibilities were investigated in this chapter
through the computation of average lags and distributed lag
co-efficients such as wr, k. ; ze , and R, . Thélh.coeffi—

cients normally deseribe the distributed lag relationship

" between net investment and changes in desired capital; the k

coefficients which measure the distributed lag relaticnship be-
tween.gross investment and changes in desired capital help to
indicate the percentage share of the change in gross investment
due to expansion purposes and are also good for assessing the

effects on investment behaviour of changes in the determinants of
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desired capital; the 2 coefficients measure the response of
gross investment to a change in desired capital that persists
for tperiods before now; and, finally, Ry indicates the role
of replacement in the investment process thus measuring the
percentage share of the change in gross investment due to
replacement. TFollowing these computations,'we then derived
the elasticity of output with respect to capital input {rom
industry to industry and also carried out a corparative static
analysis of investment behaviour specifically for the leather
industry. A summary of the findings and conclusions from these
investigations now f{ollows: B

Under the examination of the-time pat£ern of invesiment
.behaviour it was found that the Footwear, Leather, and Rubber
industries exhibited much similar pattern such that éﬁé peak
response in net invesiment (i.e for expansion) occured within the
first year, while the Food industry had a peak occuring in the
second year and, the Textile industry, an extended peak from the
fifst to the second year. In all cases, howewver, after an initial
two year period had expired, the response of investment for re-
placement purposes- began to dominate the response of investment

for expansion purposes.. This observed behaviour cof the lag

structure underlying the invesiment process then led us to
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conclude that policy makers should take into account replacement
investment when formuiating an investmeni policy for counter

eyclical ends.

Irt-characterising  the form of the lag distribution, the

computed values of the average lags were employéd; For the
respective industries, average lags were found to be: 1.09 years
for Leather, 0.49 years for Footwear, (.71 years for Rubber,:3.17
for Textile and 3.47 years for Food. Most of the industries,
therefore, showed average lag between changes in desired capitél
and net investment expenditures of between 0.5 years (i.e. 6
months ) and a little over one year with a spread of up to three
and a half years for others thus E;dicating the time elapsed
between the decision to instal new plants and expand existing
capacity, and tﬁe actual completion of the construction work. All
the five industries showed differences between the avefgée lag
and the year of peak response. The average lag exceeded the peak
year iﬁ the case of Leather, Food and Textiles while it fell shori
of' the peak year for Footwear and Rubber. In all.cases the

differences beiween the average lag and the peak year fanged

between three months and two years, Since the avérége lag and the
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peak year never coincided for an& industry, we concluded that the
lag distributions from industry to industiry were non-symmetric.
Consequently, several of the lag patterns normally used to
characterize invesiment behaviour in the liferature such as, the
"arithmetic", "inverted - V", etc, cannot adequately be employed
to describe the lag patterns underlying investment behaviour in
, the Nigefian manufacturing industries.

The responses of output to unit changes in capital input
1were found to vary substantially from industry to indusiry with
a low of 0.001 to a higﬁ of 6.361. In speecific terms, the res-
ponses were; 0.001 (Textile), 0.0023 (Rubber), 0.0137 (Leather),
0.0697 (Footwear) and 0.3610 (Food).. Mueh as these estimates
could be regarded as low having been obtained indirec?ly, théy
nevertheless provieed scme indi;ation of the degree of ;apital
productivity across industries. This also led us to erudely
-classify the industrieg into two groups - "very capital using”
(or, "heavy industries" such as Food and Footwear), and "Less
capitél using" {or "Light industries"” such as Rubber, ieather and
Textile) for the convenience of discussing policy issues latter.

Under the comparative static analysis of investment

behaviour we characterized two major responses i.e. the
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response of the demand for capital to changes in market conditions
and the tax structure, as well as short and long term responses
of investment to changes in market conditions and the tax structure,
A summary of the results shows that the response of the demand for
capital services was largest for the rate of interest, roughly the

same for the'price of output and price of investment goods,

.fairly low for the liberalization of depreciation allowances and

negligible for the tax rate. In general, the short term respcnses
of lnvestment were much larger than the long term responses;: the
responses of investment to market conditions were much larger

than the responses to tax policy; under market conditions, "~

the rate of interest tended to exercise the greatest influence on
investment while the price of investment goods and the price of
output exercised numerically equal but neutralizing effecis on
investment, and finally, under the tax structure the tax rate

was virtually lneffective while accelerated depreciation did

have some effect on investment demand. In the chapter that

follows, some of the policy implications from these findings are

fully taken up.
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CHAPTER VI

SUMMARY AND RECGMMENDATIONS

Summary

The'primary aim of this study was to conduct an:
empirical.investigation into the determinants of invest-
ment behaﬁiour in Nigerian manufacturing industries based
on private foreign investment data foﬁ a sample of eight
manufacturing industries over the period 1966 to 1976.
The indusiries are Food, Beverages, Textiles, Footwear,
Furniture, Paper, Leather and Rubber. Our examination
was motivated mainly by the following‘set of consigerations:
(i) therneed to brovide gquantitative evidence as to the
role of the tax structure and market conditions in stimula- -
ting manufacturing invesiment thereby seeing the medium
through which policies could be injected for the purpose of
affecting aggregate demand thus promoting longrun growth
or shorirun countercyclical objectives; (ii) the need to
determine the lag structure underlying the investment
process suchlas the time pattern of investment response

and the form of the lag distributions wherebj the policy
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maker could gain some information as to the stabilization role of his

policies and, hence the necessity or otherwise to worry about the timing

of his policies; and, finally, (iii) the need to discriminate among
several competing models of investmeﬁt behaviour thus elucidating this
controversy on the basis of data for a typical develaping country like
Nigeria. -
The point of.departure in the study then was a review of both
the literature on £he general problems of economic development, and
the evidence on the extent to which capital formation and industriali-
zation had determined the course of economic growth in some of the
developed couniries of the world. Following from this was a discussion of
some of the policy instruments such as the fiscal incentives which also
influenced the industrial and general development of the economy. The
study then went on to reviéw the existing theories and models of |
investment behaviour which were then translated into behavioural equations
for purposes of empirical testing. Following the series of tests under-
taken and discriminatory procedures adopted, Jjudgement was made as to the
itheory yielding the best explanation of investment behaviour.

The results were then finally analysed as to their policy implications.



208"

After‘this sequential review of the substance of
this study we now proceed to discuss the methodological framework
which was adopted, the major findings obtained and conclusions
reached.

In order to investigate the determinants of invesiment in
Nigerian manufactiuring industries, we selected five competing -
the;ries and models of investment behaviour for examination and
testing. These included the Accelerg}pr, Liquidity, Expected
Prefit, Neoclassical I, and Neoclassical II. Sources of
disagreements among the theories were rooted in four main issues:

(i) the determinants of the desired level of
capital;
(ii) the relationship between changes in the demand

for capital services and investment expenditures;

(iii) the time structure of the investment process and,

- -

(iv) the nature of replacement investment.

Thus, the desired level of capital has been specified alternatively

as dependent upon oﬁtput, liquidity, expected profit, and the value of
| output defliated by user cost. The basis:éf the lag génerating
mechapism has been the rational distributed lag while estimation has

been conducted using the maximum likelihood (ML) method.
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The ML method involved undertaking regression runs at two stages.

In the stage one regression, the numeratoér of the rational distributed

lag, U(L), was assumed to be of zero degree and a function of the form,

Y.
S Ul . 0y

was then fitted for each industry under each theory of investiment where
Iy is net investment expenditure. From this regression ML estimates for

Vl, the regression coefficients for the variables th and 2 and the

2t,
parameter @ were derived. In order to execute the second stage
regression the derived estimate of © was used to generate a Zt variable f{rom
the re;atlonshlp Zt = th + szt where the th and Z2t values were chosen

s0 as 1o correspond to the ML value of Vl. Assuming U(L) to_be of first

degree, the stage two regression then took the form

Vg T Ug 2y vy 2y
where ¥, once again represented net investment expenditure, Zt the current
change in desired capital, and zt~1 the lagged change in desired capital.
Given the relationship between desired capital and its determinants under
each theory of investment, Zt ultimately stood for the current change
in the following variables: Output Qt, Liguidity Lt, Expected Profit V

i,
and the value of output deflated by user costﬁ%%%

P e O i, e P
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On the basis of the first stage function and the generated data,
seven regressions were performed for each industry under eacﬁ of the five
theories of investment thus producing a total of 280 single equation
results, Fach fitted regreésion equation was examined for its values of
RSS, 8, and Vi so that the minimum R.S.S. from each group of seven
(single eguation) results was selected. The values of Vl and @ corres-
ponding to this minimum R.S.5. were then picked as.the.ML values for Vl
and Q.

At the second stage level we determined the best distributed lag
functions for each of our competing theories and for each of the eight
sampled industries based on available data for the period 1966 to 1976.
0f the forty regressions fiﬁted, thirty. eight showed randomly
distributed residuals when tested on the basis of the Geary test sta-
tistic whereby we cohcludethat the ML, estimation of +the distributed
lag functions in the distributed lag form has been more efficient than
the OLS estimation of the same functions which we carried out in the
auto-regressive form and had to abandon owing to the presence of serially
correlated residuals.

- Using the Footwear industry for example, we found from the
first stage ML regression that Vl was equal to 1.5 for all the theories.
The valuec of @ however ﬁaried substantially across theories, as could

suggest differences among the theories tested, Taking the case of
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Necclassical II theory and the Footwear industry as an example, we found
that O varied numerically from a low of -3.31 to a high of -349083 from
which an ML value of -3.31 was selected. Similar ranges were noticed
for the other theories whereby we conclude that the value of e should not
be set to zero in the estimation process as recommended by Klein,
Steiglitz and thymes, other-wise the final results would be seriously
biased. Also, at tﬁe first stage level it was found that the value of
R2 corresponding to minimum RSS exceeded 0.80 in the case of the Foot-
wear industry under each theory thus indicating strong associations
between the dependent and independent variables.
Using the example of the textile industry, we derived the
following inferences from our second stage regressions: ——
(i) the nﬁmerator éoefficients of the rational
. distributed lag functions possessed the expected

positive sign generally with the exception of

expected profit theory which had a negative

coefficient for its second variable, i.e., - the

lagged change in desired capital;

(ii) despite the fact that each numerator coefficient was:

numerically smaller than unity as required, all

the coefficients varied substantially from theory

to theory and were significant at 5 or 10 per cent

probability levels;
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(iii) differences in alternative theories were further
reflected in the values of the denominator
coefficient Vi which varied from 0.75 to 1.50 for
the five theories tested on Qata for the Textile
industry; |

(iv) the ﬁ2 statistic indicated.substantial variations

- in £he explanatory powers of alternati%e theories

with ; range of 25 to 85 per cent.

Although the preceding inferences were based on the Textile
industry, an all-embracing type of comparison of the investment theories
from the standpoint of theif perfo;mance was undertaken using
performance criteria which had previously been applied in similar
situations. The criteria included minimum residual variance, analysis
7 of the fitted coefficients of changes in desired capital, and the
goodness-of -[it statistic, R°.

All "these criteria were applied in diseriminating among the
-fouf theories with each criterion yilelding a particular ranking for
‘alternative theories of investment. On the whole, four sets of ranked
results were obtained from the four performance criteria used, However,
as cogld be expected, no uniform patiern of results actually emerged
from the ranking of alternative theories of investment behaviour. Con-

sequently, all the four sets of results were themselves ranked. This
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overall ranking led us t6 conclude that the best explanation of
investiment béhaviour by manufacturing industries in Nigeria during
the period of our anaiysis was provided by the Liquidity theory
with the Expected Profit theory following closely. Neoclassical
I thepry occupied the third position and was, therefore, superior 1o
Neoelassical II. Of course, the Accelerator theory took the last
position.

Further analysis of the regression results led to computa-
tions of average lags and distributed lag coefficients such as W,
ki" N and R‘r' The w g coefficients normally describe the
diétributed lag relationship between net investment and changes in
desired capital; the k coefficients which measure the.distributed
lag relationship between gross investment and changes in desired
capital help to indicate the percentage share of the change in gross
jnvestment due to expansion purposes and are also good.for
assessing the effects'on investment behaviour of changes in the
determinants of desired capital; the zp coefficients measure the
response of gross inveétment to a change in desired capital that
persists for g@period before now; and, finally, Ry indicates the role
of replacement in the investment process thus measuring the per-

SRR TR ¢+ AR [T .
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centage share of the change in gross investment due to replacement.
Following these computations, we then derived the elasticity of output
with respect to capital input from indwstry to industry and also
carried out a comparati;e static analysis of investment behaviour
specifically - for the Leather industiry. A summary of the findings

and conclusions from these investigations now follows: -

Under the examination of the time patterh of‘investment
behaviour it was‘found thai the Footwear, Leather and Rubber
industries exhibited much similar pattern such that the peak
response in net investment (i.e. for expansion)} occured within
the first year, while the Food industry had a peak occuring in
the second year and, the Textile indusiry, an extended peak from
the first to the second year. In all cases, however, after an -
initial two year period had expired, the response of investment
for replacement purposes began to dominate the response of
investment for expansion purposes. This observed behaviour of the lag
structure underlying the investiment process then leads us to conclude
that policy makers should take inte account replacement invesiment

when formulating an investment policy for counter cyclical ends.

In characterising the form of the lag distribution, the
computed values of the average lags were employed. Most of the

jndustries showed average lag between changes in desired capitel
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and net investment expenditufes-of between O.5Iyears (i.e. 6 - -
months) and a little over cne year with a spread of up to three
and a half years for others thus indicating the time elapsed
between the decision to instal new plants and expand existing
capacity, and the actual completion of +the construction ﬁork.
All the five industries showed differences between the average
lag and the year of peak response. The average lag exceeded the
peak vear in the cgse of Leather, Food and Textiles while it
fell short of the peak year for Footwear and Rubber. In all cases
the differences between the average lag and the peak year ranged
betw;en three months and two years. Since the average lag and
the peak year never coinecided for any industry, we.conclude_that
the lag distiributions from indusiry to industry were non-symmetric.
Consequently, several of the lag patterns normally used to charac-
terize investment behaviour in the literature such as, the
"arithmgtic", "inverted - V", eic, cannot adequately be employed
to describe the lag patterns underlying investment behaviour in
the Nigerian manufacturing industries.

The responses of output to unit changes in capital input
were found to vary substantially from industry to industry with

a low of 0.001 to a high of 0.361. Much as these estimates could

s e o o EEF
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be regarded as low having been obtained indirectly, they neverthe-
less provided some indication of the degree of capital productivity
across industries whereby we may classify the industries into two
groups - "very capital using" (or, "heavy industriés") and "less éapital
using” (or "light induétries").r

Under the comparative static analysis of invesiment behaviour we
characterized two major responses i.e. the response of the demand for carizal
fo changes in market conditions and the tax structure, as well as shori -2
long terl responses of investment to cﬁ;nges in market conditionsc and tre
tax structure. A summary of the results shows that the response of the
demand.for capital services was largest for the rate of inperest, roughlz
the same for the price of output and price of investment goods, fairly l:w
for the liberalization of depreciation allowances and negliéible for the -zx
rate. In general, the short term responses of investment were much larger
than the long term responses; the responses of investment to market cond:-iors
were muchllarger than the responses to tax policy; under marﬁet condition:s
the rate of interest tended to exercise the greatest influence on investmzzni
while the price of investment goods and the price of output exercised
numerically equal but neutralizing effects on investment and finally, under

the tax structure the tax rate was ineffective while accelerated depreciaiion

did have some effect on investment demand.

/
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Recommendations

The policy implications to be drawn from the responses of
investument to its determinants are fairly clear and include the
following : )

(i)} the rate of corporate taxation is quéstionable as
a powerful instrument‘for the promotion of investment expenditure.
Consequently, very generous tax concessions such as low tax rates
and accelerated depreciation will succeed in eroding potential
government revenue much faster than they raise the level of

investment demand;

(ii) fiscal incentives for inveétment prémotion should
be régarded as supplementary to other more powerful factors
such gg. market conditions when appraising peolicies for grggth
or stabilization purposes-;

(iii) as a result of the demonstrated neutralizing effects

‘of the -price' of cuiput and the price of investment goods on

“

Tiﬁfés.tiné’rit ‘expenditures it follows hat the pricesls ¥ V. ;- A
- of investment goods is also an important indicator to be watched
closely by policy makers because of its potential ability to
generate inflationary spiral in the domesiic econony;

(iv) an inflationary spiral may occur becaﬂse businessmen
increase their product prices in response either to an increase

in the manufactiurer's price of the imported capital equipment or
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to an inerease in the price of investment goods caused by variations

in import duties. In the first case, the operators of the Com-

prehensive Import Supervision Scheme (C.I.5.5) should be able to

introduce very strict vigilance on the price trends of capital

goods so as to increasingly ward off the possibility of .imported

inflation; in the second case, import duties which alter the

landing price of capital goods should be-varied from time to time

in a ;urposeful manner so as to affect product pricés in pursuit

of growth or countercyclical ébjeétives;
(v) following the observed behaviour of the lag

structure underlying the investment process policy mekers are

urged to take into account replacement Investment when

-

formulating an investment policy for_countercyclical ends;

(vi) since investment expenditures tend to fall into
stages with dgfinite time pétterns indicating short and
asymmetrical lag distributions policy makers certainly need
1o access tﬁe appropriate time for the implementation of théir
policies, thereby ensuring a minimization of the gap between
~ their growth or stabilization targets and actual outcomes, and,

(vii) eince the preceding issues aré rather basic and
involve some technical calculations that néed to be made from
tine to time, it is'récommended that {a) the Federal Government

considers as a matter of urgency the setting up of a powerful body
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to be called, "THE COMMISSION ON CAPITAL AND INVESTMENT® which
will undertake a compreﬁensive study of the manufacturing
industries in Nigeria aimed ait determining the stock of existing
capital by firm and industry, the type of capital goods
maintained, the nature of annual invesiment and the pattern of
replacement investment; (b) periodic studies should be
undertaken by the Commission to derive quantitative estimates of
average lags by industry, Longrun responses by indusfry, the
general time pattern of the iﬁvestmegt process, and the comparative
static relationship of invesiment to its underlying déterminants;
(c) finally, the roie of tax incentives on capital spending
should be quantitatively deilermined so as to profide a basls for

their periodic review.
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APPERDIX A

BASIC DATA FOR THE REGRESSION ANALYSIS

In thif_appendix we report the basic data used in running the regressions
in Chapter iV._ Thus, figures on an industry basis are showm in Tables Al -
A20 for the following variables - investment expenditure, invesément goods
deflator, capital stock, output, liquidity, net profit, price of capital ser-
vices, rate of depreciation, cost of capital, tax rate, rate of c;pital loss

and the proportion. of depreciation deductible from income for tax purposes.

Each of these is now further discussed briefly:

¢

Investment

Table Al shows deflated cumulative private foreign'investment {CPF1) in
each of the eight 1ndustry groups for the period 1966 to .1976. The deflator
used was the investment goods price index obtalncd from the ratio of nominal
gross fixed investment to that of gross fixed investment at constant prices.
Anhual gross investment expenditures denoted It were then represented by

deflated CPFI series by type of industry. In order to obtain corresponding

net investment series, denoted It - 6K figures of replacement investment,

-1’

&Kt—l’ had to be netted out of the gross investment series on an annual and

‘industry basis. The resulting figures of net investment are reported in Table

A2,

Capital Stock and Depreciation

Annual figures of capital stock by industry are contained in Table A3.
The derivation process started with benchmark #igures of capital stock talen

to be net fixed assets for 1965 aud 1976 for each industry and deflated by

f -
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the GFI deflators. -Using these benchmark figures as presented in Table

A4 and the CPFl series expressed in constant prices, we computed the
remaining capital stock figures and replacement figures'for ecach indsustry
using the following model for replacement:

Ro= Q=8 K _;+I

~

where T, is gross investment, K is capital stock and ¢ is the rate of

depreciation. The solution to this difference equation in capital stock

is:

t- ot - t -2 |
K, = (1 - &) Ky + (-8 I, * (1 - &) I, +ooat (lnG)ItP|+ I,

where K, and K_ are initial and terminal values of capital stock. Thus,

0

estimates of capital stock year by year were obtained by substituting
various values of t into this difference equation. For ekample, for

t=1, 2,3, &4 ve have the following solutionms,

— - l
Kl = (1-8) Ko + Il
., ]
R, = 0=k + (-6)1) + 1,
K= (-83K + (=81 4+ =81 + I
3 0 i 2 3
¢ = -84k + 0-831, + 0-8)21, + (-1, * 1,
4 ‘ o . ! 2 3 .74

 An estimate for:§ for each industry was obtained from the replacement model

as,» 5 =-_EIE - (Kt - KO) o . \

EKt -
' . B!
This value of & was used to compute powers of (1~8) from (1-6) to (1-8)

for each industry and then substituted back into the difference equation Lo
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ébtain capital stock series for the other periods énd all industries.

So also the es£imate for § was used to compute replacement for all

periods and industries. The vélues of § for the eight industries

appear in Table A5 while the values of the powers of (1-8) are contained
in Table A6. Using the example of the Food Industry in the latter table
it will be noticed that the entry for (1-6)& is 0.34E-03 which may be
written fully as 0:00034, thus indicating that the convention E - 03 was
only used to'suggest three decimal places of-zero before the first non-zero

digit. Other similar cells in the table are to be interpreted appropriately.

-~

OutEﬁt

For the outpht variable, we employed the éurrent value of sales,
PtQt which is the variable usually employed as-the numerator of the
Neoclassical and Accelerator models. The output variable in the Accele-
- rator model was deflated by the GFI deflato% in the absence of a whole-
sale ﬁ?ice index for each industry and the figures.are contained in Table

A?7. The derivation of the deflators for the Neoclassical models is explained
below,
Liquidity

The liquidity variable employed was measured by profits after taxes
.plus depreciation less dividends paid and then deflated by the GFI deflator.

The resulting figures appear in Table A8

Net Profit

In the Expected Profit model current level of net profit was used as

a measure of expected profit and deflated by “the GFI deflator. The figures
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are contained in Table A9. -

User cost and the cost of capital

For the Neoclassical model I which includes capital gains and
Neoclassical model II which excludes it, the price of capital services
which is the denominator of the desired capital stock is defined respec-
tively as;:

C = q _ _ e -
t, t [:Fl utnt)é tr,o-q —] |
i—ut q -

t

and, ¢, = % (1—un )8 + r :]
t, —-——I_ut l: tt t ~
A A

It would be recalled from Chapter IT that n. = g-where § represents the

ratio of depreciation allowances to fixed assets and § is the calculated

A
rate of depreciation. Substituting § for n implies that~ct may be

2
wri noa = + 8-
ritte S, ¢, q, [_rt 8 ut6;]
2 s
I-u
L

Consequently, ct can be derived from C. as follows:
1 2 :

CHPN
¢ t/lut

3%
LD
rt

By these approaches, it is thus needless to calculate n, and <. is
]

: . :
also obtainable more conveniently. Both c, and ¢, were used to deflate

I 2
the sales figures in order to arrive at data for Neoclassical I and Neocla-

ssical II variables as shown in Tables AI0 and All respectively. The CFI
deflator was used to measure the price of investment goods, q; the rate of
deﬁreciation, §, was obtained as shown previously while the rate of change

of the GFI deflator -% was taken as the measure of the rate of capital loss,
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* .
-8, The income tax rate, u, was measured by taking the ratio of profits

before taxes less profits after taxes to profits before taxes All the

-

preceding information have been tabulated as follows: Table Al2 shows

annual §eries for the price of investment goods, q, > capital gains
(ﬁ/q)t and the cost of capital, L Table Al3 shows annual series for
the rate of corporate taxation UL by type of indﬁstry while annual de-—
preciation allowances appear in Table Al4. The series for g i.e. the
ratio of depreciation allowances to fixed assets in current prices are
contained in Table .Al5. .The product U, Q‘then appears in Table Alb
annually and by type of industrial grouping.. The ratio 1?5 called the

J— t A
5

ratio factor is contained in Table Al7 while the algebraic sum r * 5—ut

appears in Table A)8 and has been termed the sum-difference-factor for

ease of reference. Finally, the price of capital services for Neoclassical

-

, and for Neoclassical II, i.e. ¢
£y t2
A20 respectively. :

I, i.e. c , appear in Table Al9 and

e

¥
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; ' _TABLE ‘Al — . —
' . GRCS5 INVESTMENT EXPENDITURES, I, (8" million)
Year Foed : Beverages Textiles Footwear Furniture Paper & Leather & Rubber
& Leather
. Paper Products
Fixtures Works
Products
1265 13.1 6.0 12.4 0.5 0.7 2.0 0.3 8.4
1856 13.4 C14.3 9.7 0.5 .7 2.6- 0.3 9.5
1567 24.0 12,6 15,2 1.4 1.8 4.2 0.4 16.2
18653 19.4 15.0 21.6 1.6 . 2.0 3.4 0.4 5.8
1969 22.6 N 17.0 25.2 1.8 2.2 3.8 0.4 6.8
1970 19.2 18.8 60.0 2.0 . 3.0 11.2 1.6 4.0
|
1971 3.7 29.5 64.1 2.5 8.3 7.3 2.1 13.4
1972 43.2 29 67.1 5.2 13.5 10.5 2.5 16.1
1973 48.5 32.8 68.5 7.1 14,7 16.4 2.7 20.1
1974 25,2 18.4 58.3 13.7 6.0 1.8 4.1 7.8
1975 51,2 Z3.1 125.0 7.2 14.8 9.6 3.3 7.6
1976 56.7 33.1 139.3 1 19.3 9.0 10.5 4.1 6.4

P L

9ce



- TABLE A2

NET INVESTMENT EXPENDITURES

(yt = It - 6Kt—1) B nmillion

_ INDUSTRIES 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976
Food | 9.68 '3.66  0.68 262 17.65 1.91 2.7 17.29 16,93 4.25
Beverages 0.54 74 0.79 1ot 7.61 2.47 4.61 . 10.27 .20 5.84
Textiles 4.63 6.51 2.83 11.95 19.60  6.61 0.28 8.60  42.53  14.25
Footiear 0.72 0.5  0.11 G.13 0.50  2.30 1.72 4.98 3.71 6.78

Furniture & .
Fixtures 0.17 Q.14 0.01 0.59 3.98 4,09 0.69 6.516 5.74 4£.19

Paper & Paper :
Products 1.20 . 0.8&% 0.04 5.92 5.26 4.95 3024 " 10,25 3.55 0.71 -

Leather & Leather - .
Products 0.28 0.19 0.10 1.10 -1.04 1.04 0.79 1.51 0.40 0.68

Rubber Products 6.78 5.80 0.07 2.51 6.83 2.37 2.52 9.10 0.78 .10

LT
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TABLE A3 ;
" "CAPITAL STOCK BY INDUSTRIAL GROUPING VKt
| Furniture Paper & Leather &
Year Food Beverages Textiles Footwear Fixiures gigszct L;ziiir | Rubber
: Praducts

i966 15.326 14.803 ‘12,794 0.807 1.593 3.409 0.340 9.122
1967 25,007 14.298' 17.422 1.219 | 1.762 4.607 0.622 15.902
1968 21.368 16.035 23,941 1.830 1.897 3.951 0.808 6.112
1969 21.615 16.776 26.775 1.945 1.915 3.909 0.718 6.045
1970 18.658 17.886 38.735 2.429 2.501 9.82% 1.945 3.549
1971 36.310; 25.499 58.335 2.330 T 6.482 15.089 2.992 10.522.
1972 38.227 23.033 64,942 4.559 110.420 10.730 4.046 12.898
1973 40.939 27.649 65.229 6.281‘ 11.119 13.990 4.828 15.418
1974 23.645 17.373 56.567 11,272 4.604 3.735 6.339 6.319
1975 37.913 18.575 99.196 7.564 10.344 7.441 6.742 5.545
1976 42,256 24,408 113.457 14.337 6. 154 8.068 7.422 4,436

[
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TABLE A4

FIXED ASSET EXPENDITURE (DEFLATED) M' MILLION

5.744
I
!

4.373

Furniture  Paper & Leather & Rubber
. ) ‘& Paper Leather Products
Y22 Foed Bevaragas Textiles Footwear Fixtures  Products Works
1953 22.624 12.738 17.300 1.521 1.426 5.894 0.095 9.316
1566 19.470 14.625 148C8 1.554 1.462 3.656 0.091 10.055
196% 22.445 17.850 20.248 1.242 1.242 5.444 0.287 16,905
1568 22.940 17.669 29.880 2.220 2.220 3.330 0.278 . 7.493
1569 27.604 21.253 35.902 2.456 £.524 4,064 0.254 8.975
1970 31.918 26.204 44,571 A.QOO 2.929 14.449 0.816 6.612
1671 26.043 14,297 36.090 2,087 3.614 10.51? - 0.464 3.400
1972 42,835 | 22.03 56.086 3.698 6.954 15,177 1.533 13.482
1973 31,932 27.634 51.953 6.927 6.485 .15.107 1.548 7.738
1974 46.270 39.095 93.902 16.499 .11.406 4.735 - 4.017 15.202
1975 27.334 85.485 - 55.734 4.419 6.007 4.626 11;464 3.038
1976 25,979 80.744 53.446 4,178 10,117 3.002
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TABLE AS

COMPUTED RATES OF DEPRECIATION (&)

Food 0.804
Beverages - 0.849
Textiles _ 0.773
Footwear : 0.770_
Furniture & '

Fixtures . 0.973
Paper | —_ 0.825
Leather | . 0.296
Rubbex " 0.953



TABLE A6 — .
POWERS OF { | - §)

- Furniture Paper Leather  Rubber
(1-5) Fecd Beverages Textiles Footwear & & & Products
: Fixtures Paper Leather

Products Works

(1-8)'*  ©.30E-09 .83E-09 87E-08 0.96E-07 .55E-017 L4BE-08 0.21E-01 0.22E-C14
(1-8)'°  0.22E~08 J45E-07 I7E-06 0.41E-06 .20E~015 L27E~07 0.30E-01 0.51E-0i3
(f-a)’ 0.16E-07 . 30E-06 . 16E-05 0.18E~05 .76E<014 . 15E~06 0.43E-01 0,11E-011
(1-8)°8 0.12E~06 . 20E-05 .72E~05 0.78E-05 .28E-012 .88E~06 0.60E~01 0.20E-010
(-8’ 0.85E-06 L14E-05 J32E-04 | 0.34E-04 “10E-010 .50E~05 0.86E-01 0.S50E-09
(1~8)5 0.63E~05 11E-04 .14E-03 0.15E-03 .38E~09 J298-04  '0.1220 0.10E-Q7
(1-8) °  0.47E-04 .79E-04 . 62E-03 0.64E-03 .14E-07 L16E-03 0.1730 ~ 0.22E-06
(-8 0.34E-03 L60E-03 \27E-02 0.28E-02 .53E-06 .94E-03 0.2460 0.478-05
(1-8° 0.258-02 0.34E-02 .12E-01 0.12E-01 . 20E-04 .S4E~02 - 0.3490 0.10E-03
(1-gy2 O 19E701 .23E~01 .52E-01 0.53E~0!1 J73E-03  0.31E-01  0.4950  0.22E-02
(1-§)! 0.1360 L1510 .2270 0.2300 0.27E-01 L1750 0.7040 0.47E~01

(1-8°

i

I
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TABLE A7 — .
ACCELERATOR SALES (DEFLATED) K'MILLION
- 1
Industry 1966 1857 1963 1969 1970 1971 1972 1973 1974 1575 i976
Food - 25.8 2.7 57.5 80.6 92.1 103.2 122.0 138.2 159.2 168.7 175.4
Beverages 14,1 15.6 29,5 0.1 77.2 29.2 55.3 66.7 7.7 91.4 96.2
Textiies 6.5 18.6 49.9 93.8 84.7 39.1 42.8 47.5 62.3 86.3 “81.1
Foodtwear . b8 1.7 4.4 11.5 8.3 2.0 2.9 2.7 4.1 6.0 6.7
Furniture &
Fixt. 5.4 5.6 9.4 22.4 1.9 8.7 11.3 11.6 13.8 25.3 21.5
Papzr & Paper .
Prodts. 3.4 3.7 7.8 19.8 15.2 15.4 12.6 15.5 20.0 25.1 30.9
i
Leather & Leather )
Wis. C.7 1.6 1.2 2.8 5.0 1.2 1.5 P.4 4.8 5.7 9.9
Rubber FPredis. 3.3 4.6 10.8 28.1 18.0 3.4 3.8 5.5 6.6 13,1 13.3

ez



TABLE J":§_

LIQUIDITY (DEFLATED) H'Million

Industry 1966 PTO1967 e, 1968 1969 1970 . 1971 1572 1973 11974 t 1975 1976
Food 2.0914 22,0439 22,0287 14,7409  7.3657 6.0224 27.8952  28.8180  9.8694 13.7921  11.7892
Bevérages 2.5722 2.3037 5.5180 2.9128  6.2033 7.9436  6.2750 7.4665  9.1836 21,0131 12,2415
Textiles 1,1243 2.9637 5.6059 0.2295  7.3898 8.2906 5.6278 9.8983 9,7755 31.4589  15.2359
Footwear 0.0841 G.1203 0.1758 0.24556  0.5045 0.0985 0.4630 0.1820 0.4943 0.5552  0.3614
Furniture ‘

& Fixt. 0.5210 0.5473  0.8418  1.0313 1.644} 1.3261 1.5223  1.3493  2,0222 4,2521  4.5409
Paper & P, | -

Product. 0.503% 0.7507 0.9177 1.2986  1.4776 1.6439 1.8136 1,757  3.5473 4,7155  5.2272

Leather 0.1170 0.1261 0.1748-  0.2041 ) 0.2171 0.1530 0.2974  0.1923  §.2245 0.4765  0.4G34

Rubber 0.6124 . 0.7364 0.9954% 1.0838  2,0245 2.724% 1.7643 1.7207  2,1319 2,2322 G.707%

cce
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TABLE AS
NET PROFIT (DEFLATED) ¥' MILLION

Industry 1966 1967 1668 1649 1970 1971 1972 1973 1974 1575 1676
Food 3,5960 23,6734  22.6984  15.5402 8.7592  '6.5773  29.0578 29,6575 12,4643  17.1170 14,0157
Jeverages 64,2523 '3.9943 7.1656  10.8027 7.2914 9.3192 10,8929  12.7825 9,1623  17.8045 9,5535
fextiles 0.6846 3.8472  6.7854% | 9.9856 10.8073 8.8215 4.9445 6.6705 10,4943  28.821%  1C,9439
Footwear 0.0037 0.0363 0.0777  ©.1473 0.3576 0.8238 0.2858 0.0342  0.3221 0.3198 0.3439
Turniture & Fixture  0.4205 6.5253 0.8085  0.9467 1.5608 0.8532 1,0639 0.9920 1.7654 3.65233 3.8401
aper & P. Prodts. 0,4324 0.5578 0.7530  1.3514 1.4751 1.5131 1.5139 1.7847  3,3092 4,2714 4.5803
Leather 0.0969 0.1070 0.1332  0.1490 0.1502 0.1028 0.3035 0.2022  0.1865 0,5083 0.3101
wbber 0.7751 1.0105 1.2859  1.4933 2.5714 3,2890 ©  2.39568 2.5484 3,223 2,7825 0.3166

'

vy
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TABLE A10 o
NEOCLASSICAL T ¥ MILLION

Industry 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976
Food - 28.8 32.3 61.5 86.0 88.6 102.9 116.6  140.5 156.3 171.9 154.0
Beverages 11.7 12.0 22.8 51.1 58.3 26.0 49.9 67.1 70.4  87.2 93,0
Textiles 7.9 15.1 53.4 120, 1 92.6 44,2 41.6 48.9 61.7 91,2 £0.8
Footwear 2.0 1.6 5.3 13.9 9.6 2.4 3.3 3.3 4.9 7.4 8.4
Furniture & Fixture 4.9 4.3 7.8 18.4 9.6 7.0 8.2 8.1 1.9 21.2 16.9
Paper & Paper' : | ;
Produch 3.6 3.7 8.2 19.5 13.2 15.1 11.3 14,6 18,7 22.4 2.9
Leather & Leather |
Wks. 2.2 4.8 3.5 10.6 12,4 3.8 3.9 4.1 12.5  14.8 26.3
Rubber Products 3.5 4.4 8.7 24,0 10.6 2.3 3.3 4.7 5.2 4.6 7.3

cC>
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TABLE All

NEOCLASSICAL II %' MILLION

Industry 1966 1967 1968 1969 1270 1971 1972 1973 1974 1975 1976

Food 27.5 33.9 59.4 78.2 .- 85.1 96.8 116.2 133.6 151.8 140.6 147.9 -
Beverages o112 12.6 23.6 46.3 " 55.9 24.4 49.8 63.7 68.3 84.6 89.3
Textiles 7.5 15.9 51.3 fos.o 88.5 41,2 41,5 46.1 59.7 88.2  77.1
Footwear 1.9 1.9 5.1 . 12.5 9.2 2.3 3.3 3.1 4.7 7.2 8.1
Furniture & Fixt., 4.8 46 7.5 16.9 . 9.2 6.7 8.2 7.7 11.6 20.6 16.3 :ﬂ§
Paper & Paper :
Products 3.4 3.9 7.9 17.6 12,7 14.1 11.2 13.8  18.2 21,7 28.5
Leather & Lea£her . - | : e
Wks. 1.9 4.2 3.2 7.6 1.1 3.2 3.8 3.6 11.5 13.7 23.6 .-
Rubber Prod. 3.4° 4.3 8.4 22.1 10.3 2.2 3.3 4.5 5.1 10.3 9.7 %g_
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TARLE Al2

PRICE OF INVESTMENT GOODS, CAPITAL GAINS AND

COST OF CAPITAL

Year qt z:lt: / 9
1965 1.052 -
1666 ' 1.094 0.040
1967 1.047 ~0.045
1968 1.081 0.033
1969 1.181 0.085
1970 1,225 = 0.037
971 © 1,294 © 0.056"
1972 1.298 0.003
1973 1.357 0.046
1974 1.394 0.027
1975 1.448 0.027
1976 1.532 0.037

0.075

0.073

0.070

0.070

0.070

0.070
0.070

0.063

0.065



INCOME TAX RATE BY INDUSTRIAL GROUPING

TABLE Al13

e

. Paper Leather Ve

Year Food Beve~ Textiles | Footwear Furn;ture g & Rubber
rages Fixtures Paper Leather Products
Products - Works

1966 | 0.040 | 0.276 0.023 0 0.072 0.065 0 0

. 1967 | 0.028 | 0.274 0.28§ 0.026 0.185 0.066 0 0
1968 | 0.032 { 0.272 0.136 0.037 0.176 0.096 0 G.207
1969 { 0.089 | 0.462 0.030 0.096 0.233 0.223 0.198 0.204
1970 | 0.133 § 0.351 0.124 0.078 0.203 0.259 0}229 0.421
1971 0.121 | 0.249 0.118 0.054 0.239 0.186 0:037 0.348
1972 | 0,106 | 0.184 0.191 0.050 0.260 0.216 0.103 0.146
1973 | 0,093 | 0.132 0.197 0.036 0.328 0.213 0.074 | 0.157
1974 | 0.106 | 0.134 0.200 0.034 0.126 0.217 0.126 0.213
1975 | 0.238 | 0.173 0.187 0.020 0.193 0.274 0.142 0.235
1976 | 0.221 | 0.157 0.234 0.000 0.251 0.21% 0.135 0.290

- ~gLZ_-
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TABLE Al4
DEPRECTIATION ALLOWANCE
¥ million
Beve— ] Furniture 'Eaﬁé; & Leather & Rubber
Year Food rages Textiles Footwear ) & Paper Leather Products
Fixtures Products Works !
1966 | 0.072 | 0.562 0.691 0.088 0.110 0.142 0.022- 0.032
1967 | 0.226 } 0.780 0.5691 0.088 . 0.108 0.316 0.020 0.020
1968 | 0.290 | 0.979 0.728 70.106 0.178 0.332 0.045 0.070
1969 | 0.284 | 1.094 0.963 0.144 0.200 O.&OO 0.065 0.068
1970 | 0.303 { 2.115 1.725 0.220 0.252 0.548 0.082 0.080
1971 | 0.327  1.441 2.621 0.226 0.712 0.719 - T0.085 0.214
1972 } 0.394 | 2.059 2.802 0.296 0.846 0.761 0.073 0.715
1973 | 0.423 | 2,867 6.158 0.332 0.938 - 0.791 ‘ 0.080 0.329
1974 | 07419 | 3.684 5.499 0.332 1.077 1.416 0.094 0.422 |
1975 | 0.399 | 6.846 | 13.662 0.350 1,645 0.940 - 0.091 | 0.548
1976 | 0.914 | 4,118 11,406 0.379 A 1.804 1,257 0.237 0.632




RATIO OF DEPRECIATION ALLOWANCE (IN CURRENT

TABLE A15

PRICES) TO FIXED ASSETS

Year Food Beverages Textiles Footwear Furnéture g:gz; & EZEE:Z§ & Rubber
Fixtures Products Works Products
1866 G.C03 0.035 0.043 0.052 10.069 0.036 0.220 0.003
1963 0.001 0.042 0.033 0.059 0.083 0.055 . 0.067 0.001
1968 0.012 0.051 0.823 0.044 0.074 0.092 0.150 ¢.009
1969 0.009 0.044 0.023 '0.050 Q.11 0.083 0.217 0.006
1370 0.008 0.066 0.032 0.045 a.070 0.631 0.082 0.010
1971 0.010 0.078 | 0:056 0.084 0.183 $.053 0.142 0.049
1972 0.007 0.072 0.038 G.062 0.085 0.039 0.046 0.010
1973 0.010 0.076 G.087 0.035 0.107 (¢.039 0.038 0.031
1974 0.007- 0.068 0.042 0.014 0.068 0.215 0.01? 0.020
1975 0.019 0.055 0.169 0.055 0.189‘ 0.140 0.000 0.125
1976 0.023 0.033 0.139 0.059 0.205 0.188 . 0.002 0.137

“ove
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_ TABLE Al6
THE PRODUCT FACTOR IN CALCULATING THE PRICE OF
CAPITAL SERVICES U, &
Yéar Food Beverages Textiles Footwear Furziture gzgzz & Leé;her Rubber
Fixtues Products Leather Products
Works
' 1966 . 0.000i2 0.00966 : 0.000§9 0 0.00499 0.00234 0 0
1967 0.00003 0.01151 0.00954 0.00133 0.01536 0.00363 0 0
1968 0.00038 0.01387 0.00313 0.00163 0.01302 0.00883 0. | 0.00186
1969 0.00080 0.02033 0.00069 0.00480 0.02586 | 0.01851 0.04297 0.00122
1970 - 0.00106 - 0.02317 0.0039; 0.Q0351 O:OiAZI 0.00803 0.01878 0.00421
1971 0.00121 0.01942 0.00661 | 0.00454 0.04374 0.00986 0.00525 0.01705
1972 0.00074 0.01325 | 0.00726 , 0.00310 . 0.02510 | 0.00842  0.00474 0.00146
1973 0.00093 0.01003 0.01714 0.00126 0.03510 - 0.00831 0.00281 0.00487
1974 0.00074 .0,00911 0.00840: 0.00048 ;' 0.00857 0.04666 0.00214 ~ 0.00426
1975 0.00238 0.00952 0.03160 0.00110 0.03648 0.03836 0.00001 0.02938

1976 $.00508 0.00518 0.03253 0 0.05146 0.04061 0.00027 0.03973

T
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TABLE A17

THE RATIO FACTOR IN CALCULATING THE PRICE OF CAPITAL

SERVICES  q

i=u,

Year Food Beverages Textiles Footwear i:g:i:e Pal_)zr lezther gt;:gjzts

Paper Leather -

Products Works
1966 1.091 1.511 1.120 1.094 1179 1.170 1.094 ; .09
1967 1.076 1,443 1.473 1.075 1.285 1,121 1.094 | 094
1968 1.116 1.486 1.252 1.122 1.312 1.196 1.094 .362
1969 1.297 2,193 1.218 1.306 1.540 " 1520 1.473 473
1970 1,413 1.388 1.398 1.329 1.537 1.653 1.589 116
.1971 1.472 1.723 1,467 1.368 1.700 1.590 1.383 .985
1972 1.452 1.591 1.604 1.366 1.754 1.656 1.447 .520
1973 1,496 1.563 1.690 1.408 2.019 .724 1.465 .610
1974 1,559 1.610 1,743 1.443 .595 1.780 1.595 771
1975 1,879 1.732 1,761 1.461 1.774 1.972 1.669 872
1976 1.966 1.817 2.000 1.532 " 2.045 1.954 1.771

.157

e’
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TABLE A18

THE SUM-DIFFERENCE FACTOR IN CALCULATING THE

PRICE OF CAPITAL SERVICES

.4
. + 68 - u; §

YTear Food Beverages Textiles: Footwear Furniture _Pager Lezther Rubber
Fixtures Paper Leather Products
Products Works -
1966 0.938 0.914 0.847 0.845 043 0.898 0.371 ! 1.028
1967 0.939 0.912 0.838 . 0.843 .032 0.896 0.3711 ' 1.028
1968 0.939 f 0.908 0.839 0.841 .033 ; 0.889 0.369 1.024
1969 0.938 0.899 0.842 0.835 .017 0.876 0.296 " 1,022
1970 0.938 0.896 0.839 0.836 .029 0.887 0.347 1.019
1971 0.938 0.899 0.836 0.835 .999 0.885 0.360 1.006
1972 0.938 0.906 0.835 0.837 .020 0.386 0.361 1.022
1973 0.938 0.969 0.826 0.838 . 008 0.886 0.363 1.018
1874 0.938 0.909 0.834 0.839 .034 0.848 0.364 1.019
1975 0.924 0.902 0.804 0.831 ‘0.999 0.849 0.358 0.986
1976 0.923 0.9G9 0.805 0.835 .986 0.849 0.360 0.978

. E?ETY




PRICE OF CAPITAL SERVICES FOR NEOCLASSICAL I, CtI

TABLE A 19

Year Food Beverages Textiles Footwear Furziture gzgii & izzizzz.& Rubber
Fixtures Products Works Products
1966 0.98068 1.32113 0.90385 .88067 1.18257 ©1.00346 0. 36211 1.08087
1?6? 1.05878 1.38166 1.29455 .12338 1.38479 1.05639 | 0.35661 1.07540
: 1568 1.01065 1,39852 1.01020 90699 1.31197 1.02398 0.36759 1.34993
1969 1.10661 1.78438 0.92240 .97976 1.43549 1,20306 0.31085 1.37988
1970 1.27297 1.62147 1.12123 .06252 1.52438 . 1.40499 0.49294 | 2,07747
1971 1.29799 1.45347 1,14483 .06629 1.60354 1.31833 0.42147 1.88565
1972 1.35799/ &.&3627 1.33572 13910 1.78540 1.46321 0.51839 1.5481i8
1973 1.33453 1.34882 1.31796 .11618 1.94209 1.44935 0.46468 1,56518
1974 1.42066 I.dZ!&S 1.40765. 17247 1.60686 1.46200 0.53729 1.75637
1975 1.68665 1.51635 1.36898 .1759%96 1.72525 1.62225 0.55409 1.79643
1976 1.74422 1.58436 1.53694 .22254 1.94219 1,58749 0.57336 2.03098,

e
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TABLE A 20
PRICE OF CAPITAL SERVICES FOR NEOCLASSICAL II, Ct2
Year Food Beverages Textiles Footwear Furniture Paper & Leather Rubber
& Paper & Products
Fixtures Prod. Leather
. ’ Works
19§6 1.02432 1.38}57 0.94865 0.92443 1.22973 1.05026 0.40587 1.12463
1967 1.01036 1.31672 1.22826 . 90673 1.32696 1.00483 0.40587 i1.12463
1968 1.04748 1.34948 1.05152 0.94402 1.35527 1.06345 0.40369 -1.39488
1969 1.21685 1.97073 1.02593 .09077 1.56639 1.33226 0.43605 1.50508
1870 1.32525 1.69133 1.17296 11169 1.58125 | 1.46616 0.55173 2,15576
1971 1.38043 1.54996. 1,22698 L 14290 1.69874 1.40737 0.49892 1.99681 | :?
1972 1.36235 1.44104 1.34053 . 14320 1.79066 " 1.46818 0.52274 1.55274 %E
1973 1.40335 1.42072 1.39570 . 18085 2.03495 1.52565 0.53207 1.63924
1974 1.,46275 1.46492 1.45471 .21143 1.64992 1.51006 0.58036 1.80419
1975 1.73738 1.56311 1.41653 L2154 1.77315 | 1.67549 0.59915 1.84697
1976 1.81698 1.65160 1.61094 .27922 2.01787 1.65979 0.63889 2.11081

]
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APPENDIX B

DATA FOR THE FIRST STAGE MAXIMUM LIKELIHOQD

REGRESSTIONS

The data reported in Appendix A are the ones normally gsed when
executing the rational distributed lag fuﬂctions in the autoregressive
form. However, these basic data need to be transformed in order to
estimate the rational distributed lag model by the maximum likelihood
(ML) method. Consistent with the maximization procedure which involves
running regressions at two stages the data required are also derived in

two stages.

In this appendix, we report the data utilized for the first stage

regressions whose results were summarized in Tables 3 - 7 of Chapter

1V. As previously discussed in Chapters{IJTandIV. the synthetic variables

zlt and ZZt for each industry under each model of investment were generated

recursively from relationships involving, in the Elt case, the original
explanatory variable in the distributed lag model and assumed values for

V], while in the 2, case, only the assumed values for V were involved.

2t i

In developing the necessary data, V] was assumed to lie in the range

O.ZSEV] <1.75 and we then spaced the values at intervals of 0.25 yielding

alternatively, V. = 0.25, 0.50, 0.75, 1.00, 1.25, 1.50, 1.75. Thus for

various values of t, we have

Zle = X], Zzt = VI for t =1
= X,V X - v
AR R ! for t = 2
= + =
X Vlzlt—l, ngz,-t—l for t > 3



24"
Accordingly, we report. data for the Z]t variable of the Neoclassical
model in Tables B! - B7 where Table Bl is based on V| = 0.25, Table B2 is
based on V] = 0.50, and so on. Similarly, th data appear in Tables BB -

Bl4 for the Neoclassical II model, Tables B1S - B2l for the Accelerator

model, etc. Finally, Table B36 contains data for the EZt variable.
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. TABLE_ Bl
NEOCLASSICAL 1, 2Z 1t (V, = 0.25)
Paper & Leather & Rubber
Year Food Beverages Textiles Footwear Furn. & Fixt Paper Leather wks Products §
' Prodts.

1967 3.54 0.36 7.20 . . —0.44 -0.73 0.10 2.56 0.85
1968 30.13 10.87 40,14 3.59 3.35 4.53 - -0.63 4.54
1969 v 32.02 31.02 ' 76.70 9,50 11.44 12.43 6.94 16.60
1970 10.59 14.95 -8.32 -1.93 -5.94 -3.19 3.54 -2.24
1971 16,97 '} ~28.56 -50.48 -7.68 ~-4.,03 1.10 ~-7.72 ~j0.61
1972 17.91 16.76 ~15.27 o} -1.02 0.15 ~3.53 -1.83 -1.65
1973 28.38 ' 21.39 3.50 : -0,26 -0.08 2.42 ~0.26 }.02
1974 22.89 8.65 13.67 1.54 3.80 4.70 8.34 0.73
1975 21.32 18.96 32.92 2.88 10.25 4.88 4.38 ~0.42
1976 12.62 10.54 -2.17 1,72 ~1.74 8.72 12.60 2.60

8‘78-
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_ TABLE B2
‘NEOCLASSICAL T Zit (VI = 0.5)
Yea Food Beverages Textiles Footwear Furn. & Paper & | Leather Rubber
' Fixtures Paper Prod. & Product
Leather wks & rocucts
‘11967 3.54 0.36 7.20 -0.44 -0.73 0.10 2.56 0.85
1968 31.01 10.96 41.94 3.48 3.17 4.56 0.01 L 4.76
1969 40.00 33.78 87.67 10,34 12.19 13.58 7.11 17.68
1970 22.58 24.09 16,34 0.87 -2.60 0.49 : 5.36 -4,56
1971 - | 25.61 | =20.25 -40.23 -6.76 ~-3.86 2.15 -5.92 . -10.58
1972 .| 26.48 13.77 -22.72 -2.48 -0.77 -2.72 -2.86 -4.29
| LL
1973 37.14 24,09 18,66 -1.24 -0.51 1.94 -1.23 . -0.72
1974} 34.37 15.36 22.13 2.22 4.08 5.07 9.02 0.12
1975 32.79 24.48 40.57 3.61 11.34 6.24 6.8] 0.54
f976 -1.50 18.04 9.89 2.81. 1.37 10,62 14.91 2.43

3z
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CTABLE B3 _
NEQCLASSICAL ,I zit (VI = 0.75)
Yeor Food Beverages Textiles Footwear Furniture Paper & Leather & Rubber
& Fixtures Paper Leather wks .
Products
. _ _ Pro.
1967 3.54 0.3% 7.20 -0.44 ~0.73 0.10 2.56 0.85
1968 1 31.83 11.05  43.70 3.37 2.99 4.59 - 0.65 4.97
1969 '] 48.36 36.59 b 99.48 11.13 12.84 14.74 7.59 19.03
1970 38.85 34.64 47 .11 4.05 0.83 4.75 7.49 0.87
he71 | 43.46 ~6.32 ©-13.07 ~4.17 ~1.94 5.46 | -2.98 -7.65
:% ) . N:
1972 | 46.26 19.16 -12.40 ©o-2,23 . -0.29 0.30 -2.14 ~4. 74 3
)973 53.60 31.57 ~2.00 ~1.67 -0.34 3.52 C=1.40 -2.12
i _ . _
1974 1 59.75 26.98 11.30 0.35 3.57 6.74 7.35 -1.10
1975 | 60.41 37.03 37.97 2.76 11.97 8.76 7.81 ~1.43 *
] - __; I ] i
51976 27.41 33.57 . 18.08 3.07 4.68 14.07 17.36 1.63
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'TABLE B4 .
NEOCLASSICAL I _zlt (VI = 1.0)

Year Food Beverages . Textiles Footwear Turniture’ Paper & | Leather & Rubber
- &Fixtures Paper Leather wks Products
7 7 Prod.
1967 3.54 0.36 7.20 -0.44 ~0.73 .10 2.56 0.86
1968 32.74 11.14 45.54 ©3.26 2.81 4.61 1.29 5.18
1969! { 57.23 39.44 112.24 - 11.86 13.41 15.91 8.39 20.48
1970 | 59.81 46.64 84.74 7.56 4.61 £ 9.61 -10.19 7.08 é
1971 | 74,13 14.34 36.34 0.36 2.05 11.51 1.59 -1.22
: : : . s ‘&3
1972 "‘B7.82 38.24 33.74 51.26 3.21 t7.71 1.69 -0.22 -~ ffJ
1973 }111.76 55.44 41.04 51.26 3.09 11.01 1.8 1.21
1974 1127.59 58.74 53.84 52.86 6.91 15.11 10.29 1.69
1975 1143.10 75.54 83.34 55.36 16.21 18, 81 12.59 1.09
' 1976 125.26 81.34 72.94 56.36 11.91 26.31 24.09 3.79




r —— e
< + “
" TABLE! BS
NEOCLASSICAL I #lt (VI = 1.25)
Year Food Beverages Textiles Footwear Furniture Paper & Leather & Rubber
& Fixtures | Paper Leather wks | Products
..................... 7 | Prod. :

1367 3.54 .36 7.20 -0.44 -0.73 0.10 2.56 0.85
1968 33.66 11.23 - 47.34 3.15 2.63 4.63 1.93 5.39
1969 66.57 ¢} 42.34 125.88 12.54 13.89 17.09 9.51 22.04 1

: |
1970 85.79 60.12 129.84 11.37 8.56 15.006 13.69 14,15
1971 121.56 42.85 113.90 7.01 8.14 20.73 8.52 9.38 ‘
1972 | 165.62 %  77.46 139.78 9.66 11.33 22.11 10.74 12.73 ~
1973 230.92 114.03 182.02 12.08 14.04 30.94 13.63 17.35
1974 305.45 145.84 240.33 16.70 15.05 42.78 25.43 22.16
1975 397.42 199.09 329.91 32.38 28.11 57.17 34.08 27.10
1976 478.87 254.66 401.99 30.22 30,84 78.97 54.11 36.58
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TABLE ' B6

NEOCLASSICAL I

z1t (VI = 1.5)

Year Food Beverages Textiles Footwear Furniture |{ Paper &| Leather & Rubber
& Fixtures Paper Leather wks Products
Prod.

1967 3.54 0.36 7.20 -0.44 -0.73 0.10 2.56 0.85
1968 47.36 11.32 i §9.l4 3.04 2.34 4.66 2.57 5.61
1969 95.53 45.28 %140.41 8.26 14.11 18.29 10.96 23.71

© 1970 145,88 75.12 :':183.12 8.09 12.37 _ 21.14 18.24 22.16
1971 { - 233.14 280.38 3226.26 Gk 16.00 33.61 18.76 24.94
1972 | 363.38 1447 %223.68 58.31 22.84 | w6.62 28.04 36.41
1973 .568.97 233.91 2342.82 B6 .47 34,14 73.33 42.26 | 53.19
1974 | 869.26 354.16 5527.03 132.80: 55.03 ‘113.95 71.79 79.30
1975 | 1319.49 548.04 820.03 201.7.1" | 91.85 174.63 109.99 118:35
1976 39540.57 827.86 1219.67 303.56 ”133.h7 269,45 176.48 175.72

ccz



TABLE B7
-
: o NEQCLASSICAL T Z1lt (VI = 1.75)

-.X:'e;r’ Food Beverages Textiles Feotwear Furn. & Paper & | Leather & Rubber
Fixt. Paper . Leather wks Products
Prodt.
1967 3.54 0.35 - 7.20 C-0.44 -0.73 0.10 2.56 0.85
1568 i 35.44 11.60 | 50.91 2.93 2.26 | 4.68 3.21 1 582
1969 85.51 - 48.39 155.86 13.75 14.56 - 19.49 - 12.72 25,49
1970 {  154.01 | 91.72 | 245.25 : - 19.73 16.68: - I 27.81 24,06 . -| 31.21 B
‘ . ( . . o : : I\\ﬁa
4~
1971 283.82 -} 128.26 -] 380.79 - 27.36 | 26.63: ] 50.57 33.51 1 46.32
1972 1 510.36 - [ 248,30 663.63 48.73 - 47.76 - 84.70 58.74 | 82.06
. ' - F . - R .
]
1973 916.90 451.75 1168.61 85.28 83.46 - | 151.53 ! 103.00 L 144.04
1974 1 1620.41 793.88 2057.91 150. 84 149.88 269.28 188.65 251.59
‘ ‘ ]
1975 | 2851.36 | 1406.06 3630. 80 266.47 | 271.59 4764.94 332.44 439.68
1976 | 4971.90 2466. 30 6343.56 467.32 | 470.98 838.65 593.27 772.14
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_ TABLE: BS
NEOCLASSICAL TI 21t (VI = 0.25)
Year Food Beverages Textiles Footwear Furniture Paper Leather Rubber
& Fixtures & Paper & Leather Products
Pred. Wks.

1967 6.32 1.46 8.40 0.03 -0.35 0.45 2.22 0.89
1968 27.11 11.40 37.43 3.11 2.99 4.13 =0.41 - 4.34
1969 | 25.63 25.49 © 68.09 8.17 10.07 10.69 3.3 ] 14.76
1970 13.29 16.02 -2.48 =1.25 =5.10 ~2.20 4.34 -8.12
1971 { 14.98 -27.53 ~47.87 -8.15 -3.86 1 0.90 6.77  ]-10 .08
1472 23.17 18.56 -11.73 6.50 1.24 -2.74 2.31] -1 .43 = .

A
1973 28.20 18.51 ] 1.73 1.43 -0.18 1.94 . 0.33t 0.86
1974 25,28 9.19 14.03 1.94 3.87 4,84 8.01 0.81
1975 -4.91 18.68 31.94 2.93 9.97 4.77 4.19 | 5.39

J

1976 6.04 -7.13 19,05 1.62 -1.85 ] 7.92 10.99 . 0.72
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* TABLE B9
NEOCLASSICAL II 2it (VI = 0.5)
Year Food Beverages Textiles Footwear Furniture Paper & Leather Rubber
' &Fixt, Paper Prod. &Leather Products.
Wks

1967 6.32 1.46 . 8.40 0.03 ~-0.35 Q.45 2.22 . 0.89
1 968 28.69 11.76 39.53 3.12 2.91 4.25 0.14 4.57
1969 33.29 28.52 78.50 8.95 10.78 11.79 - 4.42 15.96
1970 23.49 23.91 58.75 1.19 ~2.23 1.03 5.74 -3.83
1971 23.41 -9.93 76.63 -6.31 ~3.70 1.97 5.08 -9.97

n

ol
1972 31.13 20.48 38.55 -2.11 3.41 -1.98 3.12 6.08
1973 37.98 24,11 23.94 -1.25 1.22 1.64 1.30 4.26
1974 37.22 16.61 25.57 .96 4.53 5.17 8.58 2.72
1975 7.38 24,69 41,22 2.93 11,27 6.16 6.48 6.55
1976 10.96 16.94 31.68 2.36 1.30 9.81 13.18 2.65
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... TABLE BI0

NEOCLASSICAL II 21t (VI = 0.7_5)

Year Food Beverages Textiles Footwear Furniture Paper & 1 Leather & Rubber
& Fixtures Paper Prodts. Leather wks Products

1967 6.32 1,46 8. 40 0.03 -0.35 0.45 2.22 0.89
1968 30.27 i2.13 41,63 3.12 2.82 4,36 2.64 4.74
1969 | 41.55 31.73 89.95 5.73 11.44 12.93 6.33 17.23
1970 38.05 33.45 47.96 4.01 0.9¢ 4.83 8.23 1.11
1971 £0.20 -6.45 -11.28 -3.89 -1.86 5.07 —1.67 ~7.22
1972 49.57 20.80 ‘ -8.22 -1.88 0.16 0.83 -0.63 —4.33
1973 59.59 29.32 =1.51 -3.29 -0.37 3.25 -1.10 -2.03 'E

- : &
1974 62.92 26,55 12,47 -0.89 2.47 6.80 7.10 —0.93
1975 35.96 38.29 37.178 1.78 4.32 8.66 7.52 4.49
1976 34.24 15.42 39.41 2.23 -1.10 13.23 15.58 2.74
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" TABLE:. BIl
NEQCLASSICAL II Zle (VI = 1.0)
Year Food Beverages Textiles Footwear Furniture Paper &{ Leather & Rubber
& Fixtures Paper Leather wks Products
Prod.
1967 6.32 1.46 8.40 0.03 -0.35 Q.45 - 2.22° 0.89
1968 31.85 12.49 43.73 3.13 2.73 4.47 1.25 5.01
1969 50.70 35.13 102.46 10.53 12.05 14.13 5.60 18.69
1970 57.39 44.78 82.96 7.23 4.43 9.26 9.09 6.88
1971 69.25 13.24 35.71 0.33 1.85 10.71? 1.24 =1.17
1972 88.67 38.68 35.95 1.37 3.41 T4 1.86 -0,08 B
™
.\J‘l
1973 111.08 52.55 40.61 ) 2.92 10.37 1.60 1.14 @
1974 129. 31 66.42 54,21 2.76 6.84 14.72 9.53 1.73
1975 118.08 82.80 82.64 4.63 15. 84 18.29 11.72 6.92
1976 125.35 87.41 93.71 5.52 11.50 25.02 21.66 6.29
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© TABLE! BI2

NEOCLASS ICAL g1t (VI = 1.25)

Year Food Beverages Tex.tiles Footwear Furn. & Paper & Leather & Rubber

' ’ Fixt. Paper Prod. Leather wks. . Products

1967 6.32 1.46 8.40 0.03 | 0.35 0.45 2.22 0.89
1968 33.43 16.10 45.83 3.14 2.64 4,58 1.81 5.23
1969 60.64 42.77 116.02 11.31 . 12.62 15.39 6.61 20.21
1970 82.69 ] 63.11 125.52 10}85 8.16 14.36 11.76 13.45
1971 115,02 47.35 109.65 .6766 7.62 . 19.45 6.84 8.76
1972 {162.19 B4.63 137.30 9.37 11.09 21.23 9.17 12.04
1973 {226.40 119.65 176.29 11.52 13.37 29.23 11.20 16.27 L;EEE
1974  {301.23 154,13 233.96 15.98 20.63 40. 89 $21.93 20.93
1975 | 365.31 209.04 320.88 22.43 34.79 54.68 29.60 31.35
1976  }463.91 249.52 412.17 28.92 39.15 75.08 46.94 38.56
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" TABLE B13 _
NEOCLASSICAL TIT £1t (Vi = 1.50)
Year Food Beverages Textiles Footwear Furn. Paper & Leather & Rubber
_ _ Fixt. Paper Prod. | Leather wks Products

1567 6.32 1.46 8.40 0.03 -0.35 0.45 2,22 0.89
1963 35.06 13.22 47.93 3.15 2.56 4.70 2.36 54.55
1969 71.44 42 47 130.63 12.12 13.16 16.71 7.89 95.50
1570 114.04 73.36 176.45 14.89 12.12 20.20 .. 15.33 131.44
1971 182.72 78.50 217.43 15. 44 15.60 31.75 15.15 189.11
i972 29,35 143.19 326.39 24.20 24.96 44.66 23.35 284.76

, 3
1973 462 .66 228.65 494.25 36.11 16.95 69.62 34,77 428.36 "o
1974 712.22 347.54 754.98 1 56.75 59.35 |108.78 60.09 643,13
i975 |1057.92 537.69 1160.90 86.08 94.37 1166.74 92.33 969,89
1976 ]1592.92 811.15 1752.42 130.01 137.22  1256.84 148.44 1454.21
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| IABLE_'B 14 L "
NEQOCLASSICAL Zlt (VI = 1.75)
. T ) r 3
Year Foad Beverages Textiles Footwear Furniture &! Paper & Leather & Rubber
Fixtures Paper Prod. Leather wks{ Products
1967 6.32 1.46 8.40 0.03 -0.35 0.45 2,22 0.89
i968 36.59 13.59 50.03 3.15 2.47 4,81 2.92 5.68
1969 82.88 46.42 146.28 i2.91 13.64 18.07 9.45 23.61
1970 151.93 90.89 236.49 19.30 16.23 26.75 20.03 29.61
1971 156.70 127.52 366.61 26.88 25.86 48.27" 27.20 43.57
1972 { 293.65 248.60 641.80 48.07 46.81 81.50 48,22 77.35 .
- e
1973 + 536.29 448,91 1127.82 83.93 81.43 145.25 84.13 136.58 i
1974 | 956.74 803.83 1987.29 148.47 146.47 258.54 155.16 239.60
1975 11663.06 801.97 3506.18 262.27 247.24 [456.01 273.72 424,48
1975 12903.09 1391.65 6146.88 459.87 437.01 804.75 488.95 742.22




TABLE BI5
ACCELERATOR SALES Zit (VI = 0.25)

Cz9e

Year Food Beverages Textiles Footwear Furn & Paper & Leather & Rubber
7 ‘ Fixt. Paper Prod. Leather wks Products
1967 6.90 1.50 12. 14 0.12 0.23 0.36 ’ ¢.92 1.10
1868 { 26.53 14.28 34,33 - 2.73 3.85 4.18 -0.18 6.48
1969 | 29.73 -25.46 52.48 7.78 13.96 13.05 " 1.56 18.92
1970 18.93 70.04 4,02 -1.26 -7.01 ~1.34 2.59 =5.37
1971 | i5.83 | -30.49 -44.00 | -6.62 ~4.95 ~0. 14 -3.15 ~15.94
i972 22.76 18.48 -7.30 ~0.76 §.36 ~2.84 -0.49 -3.49
1973 | 21.69 16.02 - 2.88 -0.39 0.64 2.19 ~0.22 : 0.73
1974 | 26,72 9.01 15.52 1.30 2.36 5.05 ‘ 3.35 1.28
1875 16.08 21.95 27.88 "2.23 12.09 6.36 1.74 6.82

1976 | 10.72 10.29 1.77 1.26 -0.78 7.39 4.64 1.91
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TABLE . B1l6
ACCELERATOR SALES 21t (VI = 0.5)
Year Food Beverages Textiles Footwear Furniture | Paper & Leather & Rubber
& Fixt. Paper Prod.| Leather wks | Products
1967 6.90 1.50 12.14 0.12 0.2} 0.36 0.92 1.10
1968 28.25 14.65 37.35 2.75 3.90 4,25 0.05 6.75
1269 37.23 ~21.70 62.58 8,48 14,95 14.13 1.63 20.68
1970 30.11 65.55 22.19 1.04 ~3.05 2.46 3.01 0.23
1971 26.16 -15.22 -33.80 ~5.78 —4.73 1.43 -2.29 ~14.48
1972 | 31.88 18.49 -13.20 -1.99 0.24. ~2.08 -0.85 -6.74
1973 31.94 20.65 -1.92 ~0.80 0.42 1.86 . ~0.33 -7 R
1974 37.27 15.32 13.85 1.00 11,71 5.43 3.24 0.21
1975 28.03 27.36 30.93 2.40 2.4] 7.82 2.52 6.6]
1976 20.72 18.48 10.26 1.90 -2.59 9.71 5.76 3.51
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TABLE B17
A_C:CELERATOR SALE_S zlt (VI = 0.75)
Year Food Beverages Textiles Footwear Furniture Paper & Leather Rubber
& Fixts. Paper Prod. & Leather § Products.
wks.
1667 6.90 1.50 12014 0.12 0.23 0.36 0.92 1.10
1948 29.98 15.03 40.38 2.78 3.95 . 4.33 0.28 7.03
1969 45.59 -17.76 74,19 9.19 15.96 15.25 1.81 22.57
1970 45.69 63.03 46,54 3.69 1.47 6.84 3.56 6.83
1971 45.37 -0.69 -10.10 -3.53 2.10 5.33 -1.i3 -9.48
1972 52.83 25.58 11.28 =1.75 1.03 . 1.20 ~0.55 -6.61 h
1973 55.62 30.59 13.16 ~1.51 1.07 3.80 -0.51 ~3.36 =~
1974 63.02 27.94 24.67 0.27 3.00 7.35 3.02 ~1.42
1975 56.67 40.66 42.50 2.10 13.75 10.61 3.17 5.44
1976 49,20 35.30 26.58 2.28 6.51 13.76 6.58 4,28
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" TABLE - B8
ACCELERATOR SALES Z1t (VI = 1.0)
Year Food Beverages Textiles Footwear Furniture Paper & Leather Rubber
& Fixts. Paper Prod. & Leather | Products.
wks,

1967 6.90 1.50 12.14 0.12 0.23 0.36 0.92 1.10

1968 31.71 15.46 43,40 2.80 4.01 5.42 0.50 7.33

1969 54,82 -13.63 87.31 9.92 17.03 17.42 2.14 24.61

1970 12.33 62.77 78.23 6.72 6.50 12.81 4.33 14.50

1971 23.41 14.77 - 33.24 0.40 3.31 13.03 0.50 -0.10

i S

1972 | 42.22 40. 87 36.92 1.31 5.92 12.20 0.84 0.62 O i
‘ : R
1973 68,24 52.27 41.63 1.10 4.23 9,32 0.73 2.26 o
1974 89.54 47.27 56.41 2.52 6.40 4.83 411 3.30

1975 98.90 66.97 80.40 4.4] 17.92 9.93 5.02 9.80

1976 1 105.61 71.77 75.21 5,10 14,11 . 15.70 9.26 3.05
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TARLE BIl9
ACCELERATOR SALES 2Zlt (VI = 1.25)
Year Food Beverages Textiles Footwear Furniture | Paper & Leather & Rubber
. Fixts. Paper Leather Products.
Products wks. ’ .
1967 6.90 1.50 12.14 0.12 0.23 0.36 0.92 1.10
1968 33.43 15.78 46.43 2.83 4.05 4,48 0.73 7.58
1969 64.89 -9.31 101.94 10.64 18.06 17.60 2.51 26.78
1970 892.61 64.76 118.33 10.10 12.08 17.40 5.34 23.38
1971 126.86 32.95 102.91 6.33 11.90 21.95; 2.88 14.63
1972 177.38 67.29 132.34 8.81l i7.48 19.16 3.90 18.79 "3
. 1973 237.73 95.51 170.13 10.81 22.15 26.85 4.78 25.09 %i
1974 1318.46 124.39 227.46 14.91 29.89 38.06 - 9.38 32.46
1975 407.48 175.19 308.33 20.04 48.86 52.68 12.63 47.08
1976 516.05 223.79 380.21 26.95 57.28 F 71.65 19.99 59.05
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- TABLE . B20
ACCELERATOR SALES 21t (VI = 1,50)
) Furniture Leather -
¥ Food Beverages | Textiles Footwear & Paper & & Leather Rubber
ear . Paper Prod. Products
Fixtures . Wks.
1967 6.90 1.50 12,14 0.12 0.23 0.36 0.92 1,10
1968 35,15 16.15 49,45 2.85 4.10 4,55 0.95 7.85°
1969 73.16 ~4,80 118,08 11.38 19.15 18.83 3.03 29.08
1570 125,20 69.21 168.01 13.86 18.23 23.64 6.74 33.51
1971 198,85 37.62 207.02 14,49 24.15 35.26 6.31 35.67 0y
2
1972 - 317.22 - 82.52 306.83 20.84 33.63 50,09 9.77 53.01
1973i: 491.85 135.20 455.55 31.05 50.14 78.04 14,55 77.91
IQ?A_E 759.08 207.79 668.52 45,18 73.01 121.55 18.43 115.76
1975: 1,148.02 . 331.39 978.78 - 65.86 98.01 187.43 26.74 167.14
1976 1,728.73 501.88 1,463.26 103.40 143.21 283.94 35.91 250,51
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TABLE. B21

ACCELERATOR SALES 21t (V1 = 1.75)

89z - .-

206,29

Furniture Leather
%ear Food Beverages Textiles Footwear . ‘& Pi:girPiod. & Leather g:zzszts .
Fixtures Wks.
1967 6.90 1.50 12,14 0.12 0123..A Q.3§ ._Qfggf‘ ‘‘‘‘‘ %f%q_
1963 36.91 16,52 52.50Q 2,91 4i62.‘ . Q.;B. 'qlfzaff‘”f.ff‘$f¥§ﬂ
1969 87,76 -0.207 135,82 12,20 20.19 20.46 ~‘3.70 31.55
1970 164.90 76.11 228,61 18.26 30.648 _25f29.” . 8.76.. ‘,.‘QSTOO
1971 299.72 85.23 355,11 25,69 33,8a &Q,QQ l!fé?f Géfzh
1972 543.30 175.20 625,14 45,76 91.46 74.29 ... ‘QQ.QS 112.90..
1973 966,86 318.02 1,098.60 79,85 162.?3 130.28 3$f§9f %99726
1974 § 1,713,.24 561.51 1,937.49‘ 141,14 289,60 23Q.15. 6§f42 3%3773
19751 3,007.59 1,002, 34 3,414.56 248.80 5i1.96 414,29 e lls{éﬁj.._ ‘§{$:§Q
1976 | 5,269.80 1,758.86 5,970.20 436,12 901.68 721.10 _J?QS?TQS:
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_TARLE. B22
LIQUIDITY 8Blt (V1 = 0.25)
- . Furniture Leather
Year Food Beverages Textiles Footwear & PzazirPiod . & Leather gubgert
Fixtures P ) Wks, rocuc ?
1967 19,954.50 -268.51 'f,839.42 36.20 26,33 247.11 9.14 124,02
1968 4,971.41 3,047.22 3,102.10 64.62 301,13 228.84 51.02 290.03
1969 -6,045,02 1-1,818.43 -4,600,93 86.04 264,85 438,46 42.13 160.92
1970 -3,886.51 2,835,93 5,990.14 280,42 679.06 288,39 23.56 983,05
1971 ~-3,564.91 2,449,32 2,418.33 564,15 -148.34 244,46 -58.25 946,22
B>
1972 21,170,50 -256.34 -2,058.01 -676.56 159,13 -26.84 157.02 ~-724,01
1973 6,215.41 1,127.42 3,755.63 ~-450.12 -133.24 366,56 -65.33 -224.,61 g
1974 -17,394.76 1,998.96 816,22 =424 84 639.63 1,663.21 48.65- 355.10
1975 =425,02 112,329.21 21,887.4 ~45.32 2,429.81 1,584,01 _ 264,22 289,13
1976 -2,109.43 | -5,689.30 -9,701.23 24.96 956.35 907.76 ~-7.15 1,552.31
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TABLE~
LIQUIDITY 21t (V1 = 0.50)
Furniture . Leather
Year Food Beverages Textiles Footwear & Paper & *& Leather Rubber )
_ . Paper Prod. Products.
Fixtures Wks.,
' 1967 19,954.51 ~-268,52 1,839.46 36.23 26.35 247 .14 9.12 124.01
1968 9,960.10 3,348.65 3,586.91 73.65 357.84 - 290.62 53.35 321.04
1969 -2,307.83 -930.92 ~3,583.03 106.62 34344 526.53 56.04 248,95
1670 -8,529,12 2,825.14 5,379.35 312,23 784.54 442,09 41,08 1,065.26
- !
1971 -5,607.90 3,152,92 3,610,53 650, 14 74,35 . 393.36 =43.,67 1,233.08 .
R’
1972 19,068.91 707.95 ~857.66 =210.53 233.48 -162,49 122,16 -344,17 3
1973 10,457.22 1,545.51 3,841.74 -386.32 -56.35 441,04 =43,83 -215.17
1974 -13,720.00 2,489,93 1,798.16 119,25 644 .84 1,792.13 10.32 303.41
1975 ~-2,937.31 13,074,555 22,582,14 120.56 2,592.31 2,064.30, ‘257.23 352.01
1976 -3,471.62 | -2,234.48 -3,881.83 96.59 1,644,92 1,543.93 55.54 | —1,448.60
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- TARIE. B24 ‘
. LIQUIDITY Zlt (V1 = 0.75)
. Funiture . Leather
" Year Food Beverages Textiles Footwear & Paper & & Leather Rubber
. . Paper Prod. Products
Fixtures Wks.,
1967 19,954,51 -268.52 1,839,46 36.23 26.35 247 .14 9.12 124,01
1968 14,748.72 3,012,93 4,021,82 82.74 314,26 352,32 55.55 352.08
1969 3,923.74 . =345.52 1-2,360.13 131,82 425,20 645.41 70.94 352.42
i
1970 ~-4,432,42 3,031.41 5,370.25 357.83 ©931.76 662.88 - 66.23 1,205.05
1971 -4,667,61 4,013.92 4,948,50 762.44 380.85 669,42 ~14,54 1,604.21
. N
1972 18,372.10 2,141.81 1,048.63 36,32 481,85 ~467.81 133.56 242,63 5?
1973 14,701.94 2,797.92 5,056.,09 253.82 188.43 710,72 ~49.85 138.46
1974 -7,922.25 3,815,51 3,669;90 502,71 814.24 2,106,62 --5.23 515.01
1975 -2,019.01 14,691.12 24,435,811 | . 437.92 2,880.63 2,746.04 248.13 586.62
-1976 -3,517.25 "2,246.71 3,153.94 364.63 2,509.32 2,571.71 112.94 -1,184.75
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" TABLE.- B25 :
LIQUIDITY thr(VI = 1.00)
Year Food Beverages Textiles Foﬁtwear Furniture | Paper & | Leather &4 Rubber
& Fixts. Paper Leather Products.
Prod. wks.
'I967 10954.51 -268.52 '1839.46 36.23 26.35 247,14 9,12 124.01
/ 1968 19937.33] 2945.81 4481,65 91.74 320.82 414,15 57.86 383.02
1969 i2649.52 340.06 -894.81 i61.53 510.35 . 795.36 87.14 471,43
1270 5274.32 3631.13 62&5.55 420.41 1123.13 974.04 100.16 1412.19
1971 3931.10¢( 5371.41 7166.31 914.42 805.15 1146.36 36;07 2112.58
1972 25803.81 4502.82 4503.56 { 378.9%4 1001.35 1112.06 180.43 1151.94 ¢
o
o3
1973 26726.61 5694, 32 8774.10 §57.93 828.37 1471.86 {1 75.31. 1108.32 o
1974 7778.03 7414, 44 8651.21 410.22 1501.23 3043.45 107.56 1519.53
1975 11700.72 19240.09 30334.16 471.13 3771.12 4211.64 359.05 1719.86
1576 9697.844 10469.32 15161.61 507.35 4119.96 4723.33 | 286.46 95.23
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T+ TABLE ~_B26 )
© LIQUIDITY 2Zlt (VI ='1,25)
Year Food Beverages Textiles Foatwear Furniture Paper Leather Rubber
& Fixts, Paper & Leather | Products.
Prod wks
1967] 19954.51 -268.52 1839.46 36.23 26.35 247,14 9.12 124.01
| 1968 24925.93 2878.74 4941.53 100. 86 327.44 475.92 60.15 414.06
1969] 23869.61 993.20 800.52 195.85 598. 84 976.13 104,46 605.93
' i
1970} 22461.08 4532.01 8140.96 503.75 1361.30 1398.8! 143.52 1698. 14
1971 26734.01 | 7405.39 11096.92 1123.63 | 1383.61 1920.82 | -115.36  |2823.02
I e
1972 55290.33 8388.01 11208.31 869.02 1925.70 2366.71 288.55 2568.23 ot
Eébo
19731 70035.71 { 11676.55 68280.19 805.33 2234,02 3318.26 | 255.53 3166.72 3
19741  68596.03 | 16312.71) 22728.30 1318.76 3465.51 ! 5719.40 351.63 - {4369.68
19757 89667.71 § 32220.40 50093. 81 1709.51 6601.82 8317.51 691.54 5662.30
15761 110081.70 | 31503.96 47444,32 2173.14 8601.15 10908.60 | 791.33 5453.32
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. TABRLET B27
LIQUIDITY Zlt (VI =-1.50)
Year Food Beverages Textiles Footwear Furniture | Paper: Leather &| Rubber
& Fixts. | Paper Prod.| Leather Products
‘ ) whks
1967 19954.51 -268.52 1839. 46 36.24 26.35 247 .14 9.12 124,01
1968 29914.62 2811.63 5401.32 109.85 334,01 537.72 62.46 445.02
1969 37584.01 1612.2] 2725.66 234.53 690.56 1187.83 122.94 755.93
1970 49000.93 5708.86 11228.73 | 610.74 1648.65 1960.41 197.43 2074.65
1971 ] 72158.11 10303.15 17763.91 410,15 2i54.19 3112.92 232.05 3812.31
1972 130109.92] 14586.71 23983.13 1579.72 3428.06 4635.13 492,42 4757.91
: N
3
-
1973 196087.63] 23071.61 40245.21 2088.61 4970.03 7312.52 633.56 7093.32
1974 275182.84 236324.52 60245.02 3445.22 8127.92 12540.41 982.51 11051.20
1975 4!6696.9% 66316.31] 112050.93 15228.73 14461.8) 19978.83 1725.80 16777.14 !
1976 623042.56] 90702.92 152903.44 17879.3] 22041.56 30479.76 2515.62 23541.13
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. TABLE! B238
LIQUDITY Z1t (V1 = 1.75)
. Furniture Paver & Leather Rubb

Year Food Beverages Textiles Footwear & P & Leather ubber

Fix Paper Prod. Products

1xtures Wks.

1967 19954.51 -268.53 1839,46 36.24 26.35 247 .14 9.12 124,01
1968 34903.20 2744 .43 5861.24 118.95 340.53 599,46 64.62 476.03
1969 53792.81 2197.54 4880.71 277.93 785.42 1430.21 142.45 921.41
1970 86762.01 7136.13 15681.52 745.24 1987.35 2681.62 262.24 2553.03
1971 1504%9.06 14228.51 28363.41 1798.13 3159.82 4865.11 394,83 5168.26
1972 285231.44 24031.32 46973.25 2611.21 5725.93 8479.16 835.31 8083.81. _

. N ‘:B

N

1973 500077.82 43246.31 86473.64 4288.60 9847.36 15199.10 1356.72 14103.14 _
1974 856187.63 77398.10 1512Q6.02 7817.42 .1 17905.71 28170.01 2406.42 25091.06
1975 1502251.08 147276.26 286293.94 13741.44 33604.09 50465.00 44§3.26 44110.16
1976 2626935.34 248961.82 485841.36 24083.76 59157.41 88826.71 7737.55 75569.00
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"TABLE . B29
NET PROFIT 21t (VI = 0.25)

Year Food Beverages Textiles Footwear Furniture Paper & Leather &| Rubber

' : & Fixture | Peper Leather Products

Prod. whks.
1967 20077.41 -258.02 3162.63 32.66 104.85 125.43 10.15 235.40
1963 4044 .41 3106.82 3728.91 £9.62 309.43 226.64 28.75 2812.95
1969 -6147.10 4413.62 4132.40 [ 82.03 215.66 655.05 23.05 912.60
1970 -8317.80 -2407.95 1854.81 230.85 668.06 287.50 7.03 1304.35
— { ‘

1971 ~4261.46 1425, 80 }—1522.11 . 523.93 -540.60 109.95 ~45.70 1043.74
1972 21415.20 1930.25 -4257.50 =407.00 75.64 28.32 189.34 -631.35
1973 5993.53 2372.20 611.63 -353.45 -53.02 277.96 - —54.00 ~6.25
1974 —15734.20 1°-2997.22 3989.16 - 119,60 :I653.03 1594.04 =29.20 773.35
1975 718,63 7863.06 19324.10 47 .64 2301.25 1360.76 - 313.85 -247.39
1976 -2921.72 -6285,48 T13046.25 - 36.05 762.10 649.13 —119.80 —2527.74

9Le
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. -TABLE B30 g
' "NET 'PROFIT Zlt (VI = 0.50)
Year Food Beverages Textiles Footwear Furniture Paper & | Leather Rubber
& Fixts. Paper & Leather |Products.
‘ Prod. WS .
1967 20077.41 ~258.02 3162.63 32.66 104.85 125.43 10.15 235.40
. 1968 =975.11 3042.32 4519.51 57.72 335.63 257.94 3).25 393.15
i
1969. -6670.70 5158.25 5459.95 98.45 306.16 727,35 31.43 405.95
1970 -10116.25 -932.17 3551.68 259.53 767.12 487.38 16.91 11279.08
—t ; .
“1971 -7240.03 1561.71 -209.96 595.96 -324.05 281.69 '=38.94 1357.14
1972 18860. 49 2354.56 -3772.02 -240.02 48.67 141.64 181.23 ~213.64 A
- 3
1973 10069.95 3066.88 -160.01 -371.61 ~47.56 341.62 -10.68 44.78.
1974 [F12197.63 -2056.76 3743.80 102.09 1642 .42 1695.36 ~-21.04 - 797.19
1975  [-1446.72 6555.34 2010.71 48.75 2709.11 1809.86 310.58 =42,00
1976 [-3824.66 -4973.43 ;7822.85 48..48 1541, 36 1213.83 ~42.91 2444.,90
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© TABLE_ B 3
NET PROFIT Zit {VI = 0.75)

Year Food Beverages Textiles Footwear Furniture | Paper & Leather |Ribber

: ' & Fixts. Paper & Leather|Products

— - - Prodts. whs.
1967 20077.41 ~258.02 3162.63 32.66 104.85 125.43 10.15 235.40
1968 14083.19 2977.81 5310.29 65.94 361,84 289,36 33.86 452.03
1969 3404, 10 ] 5870.52 7182.90 119.03 409.66 815.45 41.25 548.40
]

1970 -4227.92 | 891.63 6208.91 299.65 921.32 735.30 32.10 1487.41
1971 =-5352.81 2696.50 2670.93 690.96 =1660.10 589.51- ~23.36 1833.26
1972 18465.90 3596.11 -1873.82 -19.80 198.32 442,96 183.25 482.70 E§
1973 14489.12 . 4586.72 1 ..320.76 -266.52 76.81 603.05 36.14 513.16 E$
1974 -6365. 80 © =150.20 _ 4063.50 88.01 1723.80 1976.81 11.42 1160.00
1975 =122.31 8499.71 © 2137.41 63.76 3180.82 24_44.8! 329.76 429,40
1976 -3193.05 ~1876.34 =16274,22 71.92 2572.490 2142.52 49,15 ~2143.96




_° TABLE. B32
NET PROFIT _zit (VI = 1.00)

1

—

6&2-.5?

Year Food Beverages Textiles Footwear Yurniture | Paper & Leather { Rubber
& Fixts., Paper & Leat. Products.
Prodts. wks.
1967  20077.41 | ~-258.02 3162.63 32.66 104.85 125.43 . 10,15 235.40
1968 19!02.4&1 29!5.35_h 6100.82 | 74.06 388.09 320.627 36.33 510.85
1969 11944.26 6550.41 2301.05 143.67 526.22 919.01 52.18 720.26
1970 | 5163.20 =230.62 10122.73 353.91 ] 1140.34 1042.71 53.35 1796.36
1971 ] 2981.31J :]797.25 8136.96 . 820.!5 432.73 .1650.76 5.91 2513.92
l972i 25461.82} -3370.93 - 4259.92 - 282.13 6&3;46 108].59 | 206.63 .1621.75
1973 | -26101.56J :5260.52 - 5985.94 - 30.55 : 571.51-_ 1352.33 © 105.30 1773. 31
1974 | - 8868.93 ] -1670.36 - 9809.73 © 318,42 2237.73 2876.85 . B9.64 2548.12
1975 1 - 13521.05 | 10282.63 28136.51 °316.12 | 4125.64 3839.01 410.7.33.'2107.52
1976 | 10419.71 2831.52 10259.31 © 340.25 4312.26 4147.91 B 212.54 -358.42
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~ TABLE _ B33
NET PROFIT 21t (VI = 1.25)
Year Food Beverages Textiles Footwear Furniture Paper &f Leather Rubber
& Fixts. Paper & Leath. | Products.
e Prod. wks.
1967 20077.41 -258.02 3162.63 32.66 104,85 125.43 10.157 235.40
1968 24121.82 2843.83 £891.52 82.24 4i4.23 352.00 38.86 569.75
1969 22994.101 7198.14 11814.66 172.43 ] 656.08 1038. 44 64.36 921.50
1970 21961.63] 5486.30 15590.03 425.85 1434, 10 1421.79 B8i.64 2228.06
1971 25270.10} "8885.71 17501.72 998.50 1085.03 318!5.10 } S54.64 3502.61
1972 54068.11 | :12680.80 18000. 15 710,16 1567.09 2269.78 269.80 3486.10
. . . — . . . ‘ . %
19731 68224.81 ¢ 17740.62 24226.14 | 636.00 1886.96 3108.05 235.80 4509.21
1974  68048.40 :18585.68 34106.40 1082.96 5024.83 3409.54 278.15 6411,32
19751 89712.62 | 31844.36 | 60959.83 ] 1351.35 6918.90 {7724.10 668.78 |7573.50
1976 §{ 109039.5 4 .31554.30 58322.62 .I7i3.20 B835.4 . '19964.00 637.76 7001.08




L

NET, PROFIT Zit (V1 = 1.50)
Furniture Leather
Year Food Beverages Textiles Footwear & Paper & & Leather Rubber
. . Paper Prod. Products
‘ Fixture Wks,
! 1567 20,077.41 -258.02 3,162,63 32,66 104.85 125,43 10,15 235.40
19681 29,141,12 2,784.33 7,682,15 90.36 440.42 383.34 41,35 628.56
1969 36,553.45 7,813.,55 14,723.35 204,05 798.83 1,173,35 77.83 1,152,145
1970 48,049.18 8,209,03 22,906.73 516.38 1,812.36 1,883.73 117.94 2,804.33
1971 69,891.87 14,341.35 32,374.291 1,240.76 2,010.85 2,863.59 224.38 4,924,10
- _ ! rc\é
19721 127,317.81 23,085.72 44 684,44 1,323,14 3,226.98 4,296.18 537.16 '6,493.94 e
1973} 191,616,411 36,518.18 68,752.66) 1,071.54 4,768,56 6,715.07 704,43 9,892,51
1974 287,424.61 51,187.06! 106,952.79] 1,895.21 8,819.04 I],59?.I1 1,040.95 15,613.57
19751 435,789.02 85,392.89{ 178,755.99| 2,840,52 15,116,486 18,357.85 1,882.,52 22,979.75
19761 650,582.22 119,838.24] 250,256.78 .4,284.88 22,861.49 27,845.49 2,625.30 32,003.73
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. TABLE'L
NET PROFIT Z1t (VI = 1.75)
_ . Furniture Paper & Leather Rubber
Year Focd Beverages Textiles Footwear & Fixture Paper & Leather Products
Prod. wks.

1967 20077 .41 -258.02 3162.63 32.66 104.85 125.43 ’ 16;15 235.40

1978 34100.50 ©2719.81 8472.82 98.53 466 .66 414,72 43.91 687.41

1979 52622,72" 8396.80 | 18027.6! 242.05 954.82 1324.13 92.62 1412.41

1970 85308.71 11183.16 32370.00 633.83 2285.05 2440,91 163.33 3547.84

1871 147108.30 21598.20 54661.71 1575.46 3291.23 4309.65 238.42 6926.3!
— 3
T 1972 279420.10 39370.22 91781.02 2219.04 5970.31 7542.61 617.93 11228.84 N
1973 490499.,74 70788.22 162342.80 3631.71 10376.10 13470.42 980.05 19802.01 )

1974 841141.92 120289,26 287923.71 5643.40 19824.41 25097.72 1699.36 35428.33

1975 1476650.45 219118.43 522193.36 11623.75 36580.66 44883.21 3294.93 61558.95

1976 2581036.93 375206.15 895961.10 20265.61 64202.92 78854.56 5567.93 105262,21
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TABLE B36
DATA FOR THE SYNTHETIC VARIABLE Z,,

.
Year | - 0.25 0.5 0.75 1.0 1 1.25 1.5 1.75
1967 ©0.0825 | 0.2800 1 0.5625 | 1.0000 E 1.5625 2.2504  3.0625
1968 . 0.0156 | 0.1250 | 0.1406 | 1.0000 '5 1.9531 | 3.3750 53504
1969 0.0039 | 0.0625 | 0.0352 | 1.0000 i 2.4414 | 5.0624  9.9789
1970 0.6009 | 0.0313 | 0.0080 | 1.0c00 E 3.0518 7.5938]  16.4131
1971 0.0002 1 0.0156 | 0.C222 | 1.0000 i 3.8147 | 11.3908| 28,7229
1972 £ 0.00006 | 0.0078 | 0.0006 | 1.0000 i 4.7683 | 17.0859] 50.2651
19723 | 0.00002 0.0039 | 0.00014 | 1.0000 f 5.9605 | 25 62891 87.9639
1974 ~0.000005| 6.0020 | 0.000020! 1.0000 g 7.4506 38.4434| 153.9368
-* 1975 0.000001 | 0.0010 | ©.000009| 1.0000 i 9.3132 | 57.6650] 269.3900
1976 0.000000 | 0.0005 0.000008 | 1.0000 §;1,6415 86.4977| 471.4325

]

L . - E ol
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APPENDIX C

. DATA FOR THE SECOND STAGE MAXIMUM LIKELIHOOD REGRESSIONS

In this Appendix, we report the data utilized for the second stage
maximum likelihood (ML) regressions whose results appeared in Tables 8 = 12
The data were obtained firstly by using the maximum likelihood values of @
obtained from the first stage regressions to generate a new Zt variable
from the relationship Zt = th + ezZt where the th'and EZt values were
chosen so as to correspond to the maximum likelihood value of V]. For example,
under the Neoclassical I model from Table § the following ML values for
the Food industry were obtained: Vl*w;_l.SO, & = -620.60. From Tablé B6
the series corresponding to v, = 1.50 for the food industry were then picked
to represent the series for # .. The %, series were picked from column 6
in Table B36 which corresponds to 6] = 1.50. Zt for the ngd industry under
the Neoclassical I model was then generated according to the preceding rela-

tionship. Finally, Z series were generated from the Et series and both

-1

‘were used as explanatory variables in the second stage regression.

Tables C1 = CI0 then contain.the data for the Zt and Zt_] variables

for the five models and eight industries.
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TABLE ClI

DATA FOR THE SECOND STAGE ML REGRESSIONS:

NEQCLASSICAL I. Z

t
Year Food E:;:; Textiles Fpotwear anl;UTe iigzi : 522222; : §223ﬁ§ts
Fixtures Products  _ Works
1967 -927.36| 56.48 -18.75 "3.10 -5.63 16.88 77.75 -3.42
1968 | -1349.04| 39.02 10.22 8,34 -5.02 12.95 37.60 -0.80
1969 | —1999.00] 47.81 82.07 16.22 3.08 17.78 | 25.91 14.10
1970 } -2995.91| 31.10 95.55 20.02 ~4.18 2.59 14.76 7.75
1971 { -4479.57 |-16.74 94.93 22.39. -8.82 3.20 -1.21 3.32
1972 | -6705.63} 15.52 26.65 . 85.16 -14.40 -2.20 -0.51 3.98
1973 |~10034.54 1 24.97 47.28 126.75 -21.71 2.20 -=0.06 4,55
1974 }-15036.04] 15.80 83.72 193.22 -28.75 5.20 9.61 6.34
1975 |-22538.48¢} 24.70 155.09 292.33 -33.82 6.31 7.11 8.91
1976 | 353753.61 | 18.15 222.23 439.49 +55.04 10.65 15.06 J 11.57

e
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TABLE G2
DATA FOR THE SECOND STAGE ' ML RECRESSIONS:
NEOCLASSICAL I, Z__,
Y“ear‘ Food_ Ei;i; Textiles F-ootwear Fl.n:n;ture iigzi : ii:t};?‘:‘ : g:zzizts
Fixtures. Products - Works
|

1968 | -927.36] 56.48 |-18.75 3.10 ~5.63 16.88 77.75 -3.42

1969 | -1349.041 39.02 | 10.22 8.34 -5.02 12.95 37.60 -0.80

1970 | ~1999.00| 47.81 | 82.07 16.22 3.08 17.78 25.91 14,10

1971 ] -2995.91| 31.10{ 95.55 20.02 -4.18 2.59 14,76 7.75

1972 | -4479.57| =16.74 | 94,93 22.39 -8.82 3.20 -1.21 3.32 Eﬁﬁ
1973 | -6705.63| 15.52 | 26.65 85.16 ~14.40 -2.20 -0.51 3.98

1974 | -10034.54 | 24,97 | 47.28 126.75 ~21.71 2,20 -0.06 4.55.

1975 | -15036.04| 15.80 | 83.72 193.22 -28.75 5.20 9.61 6.34

1976 | -22538.48] 24,70 [ 155.09 292.33 -33.82 6.31 7.1] 8.9]




TABLE C3

DATA FOR THE SECOND STAGE ML‘REGRESSIONS&

NEOCLASSICAL II. Zt

Beve- ) Farniture Paper & Leather & Rubber

Year Food rages Textiles Footwear . & Paper . Leather Products
| Fixtures Froducts Works

1967) -32.89} ~6.53 | ~-20.69 ~=4,95 3.15 16.45 ~59.52 -2.56
1968{ -23.92] ~0.39 39.07 ¢ =431 9.23 12.25 -30.73 0.91
1969{ -17.03| 21.95 107.57 -28.08 2.22 15,79 -11.01 - 14,82
1970} -18.661 -48.07 {'114.95 ~-1.90 10.39 3.03 2.02 6.71
1971} ~i6.33y 52.59 96.44 -9.75 15.56 2.97 I 14 0.33
1972|-269.22| 117.47 120.79 -13.58 17.89 -3.01 1.19 1.50 -
1973 14,807 219,44 155.65 ~20.57 22.85 1.89 0.04 3.10
1974} 40.441+402.26 | 208.16 -28.26 24,65 5.29 8.10 4,47
1975F 49.42] 99.2] 288.63 ~41.44 21.81 6.22 6.23 10,77
19761 8i.40} 161.82 { 371.86 —6!.27. 31.59 9.84 '13.06 12.83

ge
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TABLE (4

DATA FOR THE SECOND STAGE ML REGRESSIONS: |

NEOCLASSICAL II, Zt-l

‘B8,

Beve- . _ Furniture Paper & Leather & Rubber

Year Food rages Textiles Footwear ) & Paper Leather Products
Fixtures Products Works

1§68 -32.99} -6.53 | -20.69 -4.95 9.15 16.45 =59.52 ~2.56
19691 -23,92}( -0.39 39.07 ~4.31 9.23 12.25 -30.73 0.91
19707 =~17.03} 21.95 107.57 -28.08 2.22 15.79 ~11.01 14.82
1971} ~18.66| ~48,07 | 114,95 -1.90 ©10.39 3.03 2.02 6.71
19721 -16.33} 52.59 96.44 ~9.75 15.56 2.97 1.14 0.33
1973 ) -269.22 | 117.47 120.79 —13158 17.89 | -3.01 1.19 1.50
1974 14,80} 219,44 155.865 =20.57 22.85 1.89 0.04 3.10
1975 40,44 -402.26 | 208.16 —28.26 24,65 5.29 8.10 4,47
1976 49.42I 99.21 288.63 -41.44 21.81 6.22 6.23 10,77
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TABLE C5

DATA FOR THE SECOND STAGE ML REGRESSIONS:

ACCELERATOR, Et

Beve- ] Furniture Paper & Leather & Rubber

Year Food rages Textiles Footwear _ & Paper . Leather Products
Fixtures Productls LWQ?k? F

1967 | 55.81 |140.14 -15.99 ~4.37 -123.87 18.17 0.00 ~4.57
1968: 42.17 | 83.97 11,32 ~3.89 ~27.12 13.45 -0.40 ' 0.49
1969 | 48.65 | 12.96 58.05 "1.28 6.22 23,28 1.00 17.93
1970 | 46.46 | 82.88 63.46 -—1.29 -8.79 25.87 _ 3.69 12,31
1971 | 45.56 | -6.54 34.33 -8.24 -5.35 36.37 ©1.75 0.79
1972 t 52.88 | 22.82 46.61 -13.26 1.24 50.65 © 2,92 1.50
1973 | 55.63 | 22.81 62.97 -20.10 0.60_ _ 78.32 4.28 3.48
1974 | 63,02 | 16.40 93.51 -31.54 2,35 121.69 3.03 5.44
1975 | 56.67 | 27.91 140.89 ~49.22 12,09 187,50 3.64 1 13,31
1976 | 49.20 | 18.76 170.91 -69.22 - -0.78 283.98 1,25 16,84

e

“6se



DATA FOR THE SECOND STAGE

TABLE C6

ML RECGRESSIONS:

ACCELERATOR, Zt_

1

: Beve- _ Furniture Paper & . Leather & Rubber

Year ?o?d rages Te*tlles Footwear ' & Paper o Leather Products
Fixtures Products - Works

1968 | 55.81 140.14 -15.99 -4,37 ~123.87 18.17 0.00 -4 ,57
1969 | 42,17 83.97 11.32 ~3.89 ~27.12 13.45 -0.40 0.49
1970 | 48.65 12.96 58.05 1.28 6.22 23.28 1.00 17.93
1971 | 46,46 52.88 63.46 -1.29 ~8.f9 25.87 3.69 12,31
1972 45;56‘ ~-6.54 34.33 ~-8.24 ~-5.35 36.37 1.75 0.79
1973 | 52.88 22.82 46.61 -=13,26 1.24 50.65 2.92 1,50
1974 | 55,63 22.81 62.97 ~20.10 0.60 78.32 4.28 3,48
1975 | 63,02 16.40 93.51 ~-31.54 2.35 121.69 3.03 5.44
‘1976 56.67 27.91 140.89 ~49.22 12.09 187.50 3.64 13.31

s
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DATA FOR THE SECOND STAGE

TABLE (7

M. REGRESSIONS:

LIQUIDITY, 2
Beve- ' Furniture Paper & Leather & Rubber
Year Food rages Textiles Footwear ' & Paper ‘ ;eather Products
= Fixtures Productg -Works
1967 335,12 | -6389.88 | ~376.55 -759.80| 2192.85 -1479.94 447.65 2021.78
1968 10044.87 | -4772.86 | 3467.91 -1084.20} 3035.53 -1682.90 272.62 763.71
1969 | 2696.03 —8571.40 | -2498.77 | -1556.501 3983.99 -1722.42 165.66 279.34
197G {-4739.35 -7423.94 | 5335.53 | -2075.80| 5592.80 ;1974.44 95.83 1010.38
971 }-4744,34 ~7539.35 | 4939.83 ) -2619.68! 6672.92 -2295.68 16.14 952.29
1972 118393.03 |-10292.26 1046.24 | ~4464.9] 8537.22_ ~2903,84 136.29 -722,19 °
1973 1 14€97.06 |-11674.78 5056.35‘ ~6978.32 | 10498.61 ~-3270.06 -36.96 =224.00
1974 | ~7923.30 |-12876.28 | 3669.78 ~10155.20 | 13796.21 =2515.97 13.72 354.95
1975 1-2019.32 -4265.64 | 24435.77 | ~15171.93 195]5;13 ~1976.65 258.56 289.10
1976 {-3517.53 {-14103.36 3153.87 | -22721.65] 24742.79 ~1959.10 56.38 ~1552, 31

162 -
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TABLE C8
., DATA FOR THE SECOND STAGE ML REGRESSIONS:
LIQUIDITY, 2,

) . Furniture | Paper & Leather &, Rubber

Year Food Beverages Textiles Footwear ‘ & Paper ' Feather' Produsts.
Fixtures Products - Works -

1968 335!12 -6389.88 ~376.55 -759.80 2192.85 -1479.94 | 447.65 . 2021.78
1969 1004@.87 -4772,86 3467.91 ~-1084.20 3035.53 ~1682.90 { 272,62 i 763.71
1970 2696.03 -8571.40 -2498.77 -1556.50 3983.99 -1722.42 165.66 279.34
1971 -4739.35 -74623.94 5335.53 -2075.80 559?.80 -1974.44 95.83 1010.38
1972 -4744 34 -7539.35. 4939.83 -2619.68 6672.92 -2205.68 16,14 952,29
1973 18393.03 -10292,26 1046, 24 —-4464.971 8537.22° -2903.84 136.29 .-722.19 ' ;Eg
1974 14697.06 -11674.78 5056.35 -6978.32 10498.61 -3270.06 | -36,96 -224.00 ”
1975 -7923.30 -12876.28 3669.78 | ~10155.20 13796, 21 -2515.97 13.72 354.95
1976 -2019.32 ~4265.64 24435.77 | -15171.93 19515.13 ~1976.65 258.96A 289.10
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TABLE C9
DATA FOR THE SECOND STAGE ML REGRESSICNS:
EXPECTED PROFIT, Et
Furniture Paper & Leather & Rubb

Year Food Beverages Textiles Footwear & Paper Leather uober

. Products,

: Fixtures Productsg Works
1967 1186.29 160G3.00 9334.79 &3;20 -67.95 ~11705.83 696.28 | 2521.32
1968 9361.17 8172.80 14631.64 105.93 181.27 -14436,87 374,39 . 3383.446
1569 2221.94 7723.50 21489.87 227.90 410,11 ~-17447.86 203.00 1055.24
i
1970 14523, 44 350.46 27684.28 552.14 1229,27 -21686.53 102.69 1337.22
1971 ~-5426,69 919.37 32619.36 1264.42 1136.30 -27069_81 4,02 1051.01
1272 18645,75 2674.,70 36896.87 1403.63 | 1915.16 - ~33835.87 202.64 -629.11 ro
D

1973 14484, 44 3226.95 47847.56 1192.28 2800.83 -42024,91 0.03 - =5.47 -
1974 1-6366.81 -1976.72 £63632.73 2076.32 5867.44 ~51006, 44 -15.69 773,12
1975 -122.60 6596, 38 97867.01 3112,19 | 10689.06 -62795.50 307.83 -247.26
1976 | -3193,27 -4952,91 104457.86 4692.38 16220, 39 -78185.44 ~41.54 -2527.70
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TABLE CiO0

DATA FOR THE SECOND STAGE

ML REGRESSTIONS:

EXPECTED PROFIT, 2 __

. Furniture Paper & Leather & Rubber
Year Food Beverages Textiles Footwear . & Paper o Leather Products.
Fixtures Products - Works

1968 1186.29 10003.00 9354.79 43.20 -67.95 -11705.85 696,28 2521.32

1969 9361.17 8172.80 14631.64 105.93 181.27 ~14436.87 374,39 3383.46

1970 2221.94 7723.50 21489.87 227.90 410.11 -17447.86 203.00 1055.24

1971 | -4523.44 350.46 27684.28 552.14 1229.27i -21686.53 102.69 1337.22

1972 | -5426.69 919.37 32619.36 1294.42 1136.30 -27069.81 4.02 1051.01 .
1973 | 18445,75 2674.70 36896.87 1403.63 1915.16 -33835.87 202.¢64 -629.11 j§
1974 | 14484.44 3226.95 47847.56 1192.28 2800.83 ~42024.91 0.03- -5.47

1975 | -6366.81 -1976.72 63632.73 2076.32 5867.44 -51006.44 -15.869 773.12

1976 -122.60 6596.38 97867.01 3112.19 10689.06 -62795.50 307.83. =-247.26
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