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ABSTRACT

The thesis attempts to develop and test a number of hypotheses
relating to the structure and growth of manufacturing industry in the
regions of the U.K., over the period 1958-1968.

After a brief discussion of the extent and measurement of special-
isation, an attempt is made to test for relationships between
specialisation patterns, and alternative measures of comparative and
absolute advantage. Patterns of structural change in relation to
comparative unit labour costs are also studied.

The neo-classical model of economic growth is used to examine the
determinants of regional productivity growth. A C.E.S. production
function is applied to assess the variability in techniques between
regions, and to estimate the degree of returns to scale. These
estimates are then used in a 'cross-sectional' context to examine
inter-regional differences in the 'efficiency parameter' of the C.E.S.
function.

The determinants of inter-regional differences in the rate of
employment growth are discussed. Beginning with a 'shift-share'
analysis of employment growth, basic relationships between the growth
rates of output, employment and capital accumulation are then examined.

The growth experience of regions is further explored with the aid
of the Harrod-Domar model of economic growth.

Finally, some of the major findings of the thesis are highlighted

with the aid of Kaldor's model of regional economic growth.
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CHAPTER 1

INTRODUCTION

The thesis consists of a collection of interrelated papers concerned
with the structure and growth of the manufacturing sector in the regions
of the United Kingdom over the period 1958 to 1968. In the main the
thesis is based upon the regional tables of the 1963 and 1968 (provisional)
Census of Production reports.l

The thesis begins with a consideration of the industrial structure
of regions, interpreted as 'patterns of specialisation', and then moves
on to examine structural change. The central sections of the study are
concerned with evaluating the determinants of inter-regional differences
in the level, and growth rates, of labour productivity within a production
function framework. The final part of the thesis is devoted to an
analysis of the relative growth rates of the supply and demand for lsbour,
together with a discussion of the policies required to correct any
imbalance between these two rates of growth. The dominant theme through-
out all chapters is the variety of regional experience, especially when
the phenomena are viewed in a growth, rather than in a static, context.

The essential unity of the thesis is maintained, above all else, in
its subject matter, in that it consists of a series of studies based upon
Census of Production data. The insight gained into the functioning of
the regional economies from the study of this data, has only been obtained
at certain costs. These costs are particularly associated with the
restrictive assumptions used at various stages of the analysis. These
assumptions are necessitated by data deficiencies, especially the absence

of capital and price data for the regions. Indeed an essential part of

1. Board of Trade, Report on the Census of Production 1963 (London,
H.M.S.0,, 19705, Part 133, and "Area Analyses of the provisional
results of the Census of Production for 1968", Board of Trade Journal,
Vol.199, 1970, pp.488-496.




any study of regional phenomena at the present time, and this thesis is
no exception, must be concerned with the development and espousal of
methods which attempt to overcome data limitations. These methods may
embrace a wide range from a 'simple' reformulation of the problem at hand,
or the judicious use of assumptions, to attempts to generate additional
data from that which is available.

As a result of the limitations described above we will be repeatedly
forced to work within a restrictive set of assumptions. This entails
the application of economic models which (although 'fully' worked out in
theory) appear, when confronted with limited data, to be incomplete and
unable to bear the heavy burden which is placed upon them, This is a
particularly pressing problem because assumptions, which are used as an
aid to abstraction and model building in theory, are being used to 'force'
the data into a straight-jacket. Whenever possible, we have attempted to
deal explicitly with 'crucial assumptions',1 even at the risk of some
repetition.

As has been indicated above, the basic themes of the thesis emphasise
regional growth and regional variety. We have attempted, within the
framework of growth economics, to study the varieties of regional
experience and to discuss the policy implications of the findings. In
this regard two particular techniques of analysis have been employed;
the neo-classical model of economic growth, and mathematical techniques
related to the analysis of variance. It may be of some benefit to
discuss at this early stage the use to be made of these techniques and

their relationship to the themes of 'regional growth' and 'regional

1. c.f., Solow's comment in R.M. Solow, "A Contribution to the Theory of
Economic Growth", Quarterly Journal of Economics, Vol.70, 1956, p.65.




variety'.

On the theme of regional economic growth and the application of
models of economic growth there are two fundamental views which have
shaped t he approach adopted in this thesis. Firstly, the approach is
influenced, not only by the belief that a growth viewpoint is desirable,
but also by the conviction that a growth viewpoint is necessary (as Domar
long ago observed)1 because of the nature of the phenomena with which we
are concerned., The real benefits to be gained from adopting a growth
oriented approach are to be found in the perspective it affords into the
functional relationships between key economic variables, and the di ffering
policy conclusions it yields as compared with those derived from a static
analysis.2 This viewpoint is doubly important because much of the
discussion of regional inequalities and policy in the U.K., whilst funda-
men tally concerned with regional economic growth, has largely taken place
outside the context of research which embodies growth models,

The second point relating to the use of growth models within a
regional context (and an important one in terms of the techniques to be
encountered in the present work) is that, paradoxically, many models of
economic growth may be used to great effect in the study of differences
between regions at a point in time., This is in addition to the study of
the movements in key economic variables within a given region ovwer time.
We are able to employ this 'cross-sectional' approach because in many

growth models (as distinct from dynamic models)3 'time' neither shapes the

1. E. Domar, "Capital Expansion, Rate of Growth and Employment",
BEconometrica, Vol.l4, 1946, p.l47.

2. An excellent demonstration of this view is provided in J.R. Sargent,
Out of Stagnation, Fabian Tract No.343 (London, Fabian Society, 1963).

3. c.f. J.A. Schumpeter, History of Economic Analysis (London, George
Allen and Unwin, 1954 ), p.ll%—“qfo and .__Y‘s—n. Hicks, Capital and Growth
(0xford, Clarendon Press, 19655, p.6.




analysis nor determines the mathematical technique to be employed.

Indeed 'time' often appears only in the form of subscripts which are
added almost as an afterthought. The application of the neo-classical
model to compare different economies (states) at the same point in time,
rather than to study processes through time, is particularly advantageous,
since many of the recent criticisms of the model are directed towards its
use in the study of processes rather than states.1 It is indeed strange,
given the limitations of data, that previous work in regional economics
should have overlooked the potential of the theory of economic growth to
explain regional differences at a point in time., The realisation and
application of this insight is an important aspect of the work contained
in the thesis.

Regional variety, or inter-regional differences, have also played
their part in shaping the techniques used in the thesis. The realisation
that these differences are the raison d'@tre of regional economics2
necessitates the adoption of a mathematical, or statistical, technique
whereby we can measure these differences and evaluate their sources.

A common technique adopted is the 'shift-share' approach which
attempts to decompose inter-regional differences (usually between a
region and the nation), into 'composition' and 'rate' differences.

Whilst this technique has its uses, it also has its limitations: firstly

there are the problems (common to all indexes) ofdeciding which 'weights'

1. On this point see J.R. Hicks, ibid., p.294, and G.C. Harcourt, Some
Cambridge Controversies in the Theory of Capital (Cambridge, C.U.P.,
1972).

2. A.J. Brown, 'Surveys of Applied Economics: Regional Economics, with
Special Reference to the United Kingdom", Economic Journal, Vol.79,
1969, p.760.




are approPriate,l and difficulties arising from the extent of the indus-
trial aggregation. Secondly, the results are often difficult to interpret
because the method does not deal explicitly with functional (i.e. causal)
relationships. The main purpose for which the technique is employed, in
this work, is to inform us of the extent to which we may focus our
attention upon relationships between changes in 'macro-economic' variables,
to the neglect of changes in the structure of industry.

Another technique which may be used to measure and assess inter-
regional differences is the Analysis of Variance. This technique, which
is very useful in the context of regression analysis, may be used to
summarise information contained within a data matrix. 1In particular, it
provides us with a method which enables us to assess the importance (and
significance) of industrial, vis-a-vis regional, sources of variation,

An additional gdvantage of the method is that it is amenable to statis~
tical tests of significance, since it evaluates deviations from the
ari thmetic mean.

For many purposes however, a weighted mean (specifically a 'national
rate'), rather than the arithmetic mean, is a more meaningful benchmark;
especially in regional studies. As a result of this we need to develop
a technique which will decompose, and evaluate, the variability in a
series of regional deviations about a weighted mean. To avoid confusion
with analyses involving variances, we will refer to the decomposition of
deviations from the weighted mean as an 'evaluation of inner products';

the variance of a series being a specific type of inner product.2 The

1. This matter will be discussed, at some length, in Chapter Seven.

2. H. Scheffé, The Analysis of Variance (New York, John Wiley and Sons,
1959), p.375.




mathematics of the technique bears many similarities to variance analysis,
especially as it is applied in regression models.1 Since in using this
approach we are not concerned with deviations from the arithmetic mean,

the statistical tests of significance normally associated with the analysis
of variance are inapplicable. It is hoped that in the development and
application of this technique at various points in the work, some small
contribution will have been made to the 'tool-kit' of regional economists.

As we have indicated earlier, the subject matter of the thesis is
restricted to manufacturing activities only. In confining attention to
the manufacturing sector it is not intended to convey the impression that
the study of this sector is, by itself, sufficient to fully comprehend the
problems of the regions. The concentration upon manufacturing activities
has been determined largely by expediency, in that the Census of Production
data provides a consistent set of regions and industries, over a minimum
acceptable length of time, necessary for the types of analysis which we
shall employ. Notwithstanding this, the manufacturing sector is a large
and important component of the regional economies and thus efforts devoted
to the study of this sector would seem to be not entirely wasted.

Insofar as the thesis studies the manufacturing sector in isolation,
there is some evidence from input-output studies (with reference to 'bloc-
independence') which may indicate that in restricting our attention to
this sector the injustice to reality, albeit considerable, may be less

than appears at first sight.2

1. J. Johnston, Econometric Methods (New York, McGraw-Hill, 1963).

2. D, Simpson and J. Tsukui, "The Fundamental Structure of Input-Output
Tables, An International Comparison", Review of Economics and
Statisties, Vol.47, 1965, pp.434-446,




An additional defect is related to the relatively high levels of

sectoral and regional aggregation for which adequate data is available.
This must introduce an element of uncertainty into many of the conclusions
arrived at on the basis of this information.

It has been emphasised above that a large portion of the thesis is
concerned with inter-regional differences in productivity levels and
industrial structure. The following section attempts to explain the
importance of these factors, and attempts to justify the selection of

these two aspects of the regional economies for extensive examination.

The Importance of ILabour Productivity

The role of lsbour productivity in determining, at least in part,
the demand for labour may be seen as soon as it is realised that the
inverse of labour productivity is labour input per unit of output (unit
labour requirements). In a later section of the thesis we will assess
the quantitative importance of inter-regional differences in the rate of
productivity growth, as a source of differences in the rates of growth
of regional employment. For the moment we will accept this rationale
for the analysis of labour productivity to be self-evident.

Differences in labour productivity are also likely to be important,
because as they are a prime determinant of regional variations in output
per head of population., As a result of work at the National Institute
for Economic and Social Research,1 we are able to assess the quantitative
importance of these differences as they effect regional differences in
Gross Domestic Product per capita.

Following Woodward,2 we can define GDP per capita in each region as,

1. V.H. Woodward, Regional Social Accounts for the U.K. 1961 and 1964,
N.I.E.S.R. Regional Occasional Paper No.l (Cambridge, C.U.P., 1970).

2, Ibid., p.80.



GDP W N GDP
P P W"' N (1.1)
where: GDP = Gross Domestic Product at factor cost per head
.
of total population;
% = Proportion of total population which is of
working age;
% = Proportion of population of working age which
is 'economically active';
GDP S
N = Productivity of Employed work force.

Since an identical relationship will hold for the nation as a whole,
we may divide the regional value of GDP per capita by the national figure
to yield:

¥ = Wel,T (1.2)

where: y = Index of GDP per capita;

w = Index of potential work force relative to total
population:

n = Index of activity rates;

r = Index of labour productivity.

Table 1.1 below reports Woodward's estimates of these indices for
the U.K. regions in 1961,

One procedure, by which we might assess the importance of differences
in labour productivity as a determinant of differences in GDP per capita,
is to calculate the Sum of Squares, or the variation, of GDP per capita
(y'y), and to relate this in some way to the sum of squares of each of
the elements (w, n and r), which together determine y.

Whilst this is feasible where reletionships are additive, it is not

so easy when dealing with multiplicative relationships. The variance of




ey

Table 1.1

Regional Variations in GDP per head at factor cost, 1961

Region y W n
N 0.900 0.994 0.920 0.989

E & WR 1.000 1.009 1.007 0.981
NW 0.990 1.003 1.026 0.959
M 1.020 1.003 0.980 1.041
M 1.080 1.015 1.040 1.018
SEE 1.110 1.005 1,043 1.055
SW 0.880 0.985 0.931 0.960
W 0.880 1.003 0.884 0.99%4
S 0.860 0.978 0.960 0.907
NI 0.640 0.940 0.887 0.770
UK 1.000 1.000 1.000 1.000

1. A complete list of regions and their
abbreviations is presented in the appendix.

Source: V.H. Woodward, Regional Social Accounts for the U.K. 1961 and
1964, N.I.E.S.R., Regional Occasional Paper No.l,(Cambridge,
C.U.P., 1970;) p.80.
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the vector y, in equation (1.2) is equal to;
var(y) = var(w.n.r.) (1.3)
which is difficult to expand and evaluate. If we desire to evaluate
the importance of each term on the R.H.S. of that equation in determining
the variation in the vector y, some method must be found which will
linearise the relationships contained in equation (1.2). Equation (1.2)
may be linearised either by expressing the function in its Logarithmic
form, or alternatively by an expansion in terms of first differences.
Consider first the logarithmic form.
Taking logarithms of both sides of equation (1.2) yields;
lgy=1gw+ 1lgn+ lg r. (1.4)
We note that this is already in deviation form, Since each element
is an index of the regional to the national figure, finding the logarithm
of the index is equivalent to finding the differences in the logarithms
of the numerator and denominator of the index.
If we square the deviations in equation (1.4), we find,
(18 7)2 = (1e W% + (12 )% + (1g r)% + 2(1g w)(1g n) +
2(1g w)(1g r) + 2(1g n)(1g r). (1.5)
Summing over regions yields an expression for the total sum of
squares of the logarithm of GDP per capita, as
z(1g y)2 = z(lg w)2 + (1g n)2 + I(1g r)2 + 2r(1lg w)(1g n) +
2r(1g w)(1lg r) + 25(1g n)(1g r). (1.6)
The components of the total sum of squares (T.S.S.), as expressed
in equation (1.6), were computed using the data contained in Table 1.1.
The results of this decomposition, or evaluation of imner-products, are
reported in Table 1.2.
Table 1.2 shows that the most important sources of variation in the

logarithm of GDP per capita are: variations in the logarithm of labour
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Table 1.2

Decomposition of the inner product of the logarithm
of Regional GDP per capita : 1961

Source of Sum of Proportion of
Variation Squares T.5.8. (%)
2
z(Lg w) 0.003 6.1
I(ig n)® 0.009 16.9
I(Lg r)° 0.016 30.2
2y (Lg w)(Lg n) 0.003 6.1
2y (Lg w)(Lg ) 0.007 12,7
27 (Lg n)(Lg r) 0.015 28.0
2
r(Lg y) 0.053 100.0
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productivity (30.2% of T.S.S.); variations in the logarithm of activity
rates (16.9%); and the interaction between these two sources of variation
(28.0%). These results support the conclusions of Brown and Woodward,l
arrived at after an examination of the range of variation in the absolute
indexes. It is also interesting to note that all of the interaction
terms are positive, indicating that negative (positive) deviations on one
variable tend to be associated with negative (positive) deviations on all
other variables.

An alternative method of linearising equation (1.2) is to apply the
differential method.2

Taking the total differential of equation (1.2) gives:

AY = AW.D.T. + AD.W.T. + AT.Ww.n. + R, (1.7)
where the remainder (R) represents the higher powers
of the Taylor series.

The differences represent deviations from the national average to
which we have assigned, by taking indexes, a fixed value of unity in each
case; i.e. Ay = (y - 1).

Computation of the sum of the first three elements in the R.H.S. of
equation (1.7) revealed that this sum bore a close approximation to the
actual deviations of GDP per capita. As a result we have neglected to
specify the higher powers of the series (R), and will regard the first
order components as providing a reasonable approximation.

We may then square both sides of equation (1,7) and sum over regions

1. A.J. Brown et al, "Regional Problems and Regional Policy", National
Institute Economic Review, Vol.46, 1968, p.47; and V,H. Woodward,
opscit,, p«TL.

2. W.E. Demming, Some Theory of Sampling (New York, John Wiley and Sonms,
1950), p.130.
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to yield an expression for the total sum of squares, as;
1(ay)? = r(aw.n.r.)? + g(anawer.)? + z(arawen.)? + 25(awon.r.)(anow.r.) +
2z(awen.r.)(aren.w. ) + 2z(an.wer, )(AT.w.n.) +
(terms involving R). (1.8)
The components of the total sum of squares as expressed in equation (1.8)
were calculated using the data presented in Table 1.1. The results are
reported in Table 1.3.

The usefulness of the first-order approximation may be judged by the
fact that 88.,8% (100.0-11,2) of the total sum of squares of GDP per
capita, is accounted for by the first-order terms alone.

The sources of variation in GDP per capita which are assigned a
major importance using the differential method are the same as those
indicated by the logarithmic formulation, namely; productivity differences,
differences in activity rates, and the interaction between these factors.
Again, this is in substantial agreement with the conclusions arrived at by
Brown and Woodward,l except that in the present analysis more importance
is assigned to productivity differences as a source of total variation.

To some extent, however, this is due to the inclusion of Northern Ireland

which exhibits a relatively large deviation for labour productivity.

The Industrial Structure of the Regions

A number of studies in the U,K. have demonstrated the importance of
the industrial composition of regions as a determinant of regional per-
formance.

'Shift-share' calculations have revealed that the industrial

structure of regions is an important determinant of regional performance

1. See the references cited earlier, p.12, note 1.
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Table 1.3

Decomposition of variation in GDP per capita using

the differential method

Source of Sum of Proportion of
Variation Squares T.S.8. (%)
2
*(Aw.n.r) 0.003 1.6
£(fn.w.x)2 0.037 18.9
2(Ar.naw. )2 0.057 29.1
2%(Aw.n.r)(An.w.r) 0.012 6.1
29(awen.r) (Ar.n.w) 0.020 10.2
2v(mower)(Ar.n.w) 0.045 22.9
Terms involving R 0.022 13,2
2
2(ay) 0.196 100.0
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vis-d-vis the nation, with respect to a number of indices. Thirﬂwall,l
and later Harris and Thirlwa.ll,2 have demonstrated that industrial com-
position is an important determinant of 'sensitivity' of regional

3

unemployment rates to changes in the national rate. In addition recent

work at the N.I.E.S.R.4

had demonstrated that the industrial composition
of regions is a major determinant of female activity rates. These are
themselves an important source of variation in total activity rates

5 whieh in Susm (as we have already seen) are responsible

between regions,
for a sizeable proportion of differences in the levels of GDP per capita
in the U.K. regions.

In a similar vein, studies using analysis of variance based on data
classified by industry and region, have demonstrated that inter-industry
differences account for a significantly large portion of variations in
such variables, as productivity and average earnings,6 female activity

rates,7 and unemploymen t ra.tes.8

It would appear therefore, that a necessary step towards under-

1. A.P. Thirlwall, "Regional Unemployment as a Cyclical Phenomenon",
Scottish Journal of Political Economy, Vol.l3, 1966, pp.205-219.

2. C.P. Harris and A.P. Thirlwall, "Interregional Variations in Cyclical
Sensitivity to Unemployment in the U.K., 1949-1964", Bulletin of the
Oxford University Institute of Economics and Statistics, Vol.30, 1968,
pPp.55-66.

3. An 'evaluation of inner products' reveals that 47.0% of the variations
in eyclical sensitivity between regions, is due to 'rate differences',
28.3% is attributable to 'composition differences', and 24,7% reflects
the interaction of these two factors.

4., A.J. Brown et al, op.cit., p.43.

5. J. Bowers, The Anatomy of Regional Activity Rates, N.I.E.S.R., Regional
Occasional Papers No,l (Cambridge, C.U.P., 1970).

6. V.H., Woodward, op.cit., p.89.

7. J. Bowers, op.cit., p.33.

8. A.J. Brown, Op.cit., p.769.
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standing inter-regional variations over a wide range of indices, is to
make some attempt to explain the industrial structure of the regions,
and changes in this structure over time.

A,second motive for attempting a study of the industrial composition
of regions reflects our interest in the criteria of economic efficiency.
To the extent that patterns'of regional specialisation are unrelated to
alternative measures of regional comparative advantage, it may be possible
to conclude that there exists a welfare loss to the region arising from
the possible mis-allocation of resources. Similarly, if it can be demon-
strated that industries do not tend to locate in regions which possess an
absolute advantage in that activity, it may be that there is a resultant
welfare loss to the nation as a whole.

Given the above, it seems reasonable to conclude that the study of
patterns of regional specialisation in relation to alternative measures
of comparative and absolute costs, is a worth-while task. Similarly, it
is also desirable to study the direction of change of specialisation and

location patterns in relation to these cost factors.

An Qutline of the Chapters

Immediately following the Introduction, Chapter Two considers
regional specialisation and trade. After a brief discussion of the
extent and measurement of specialisation, an attempt is made to test for
relationships between specialisation patterns in each region, and alter-
native measures of regional advantage. Hypotheses related to comparative
advantage are tested first, including an indirect test of the Heckscher-
Ohlin theorem, together with tests involving the Classical comparative
advantage measures; relative labour productivities and unit labour costs.

Consideration is also given to the hypothesis, that trade and specialis-
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ation are determined by absolute, rather than comparative, advantage.

As a result of the analysis we are led to reconsider the role of relative
price differences in determining the allocation of resources. Some
evidence on the extent and effectiveness of resource re-allocation within
regions is also presented.

Unlike Chapter Two, which is essentially static in character, Chapter
Three attempts to examine the relationships between changes in industrial
structure, and measures of comparative and absolute costs. It attempts
to bridge the gap between the static analysis of industrial structure in
the preceding chapter and the analysis of regional growth which follows.
Particular attention is given to the development of alternative measures
of structural change.

Chapter Four examines the determinants of productivity growth within
the regions over the period 1958-1968. It combines the approach used by
Solow,1 utilising the Cobb-Douglas production function, with techniques
which attempt to make up for the absence of data on regional capital
stocks. These methods are extended to enable a comparison of results
generated under alternative assumptions, The relative importance of
capital accumulation, intra-regional resource shifts and the 'residual'
as determinants of productivity growth is examined. It is argued that
inter-regional differences in the rate of productivity growth are due (in
the main) to differences in the rate and effectiveness of capital deepening,
and not (as one might expect from other studies of technical change) to
differences in the rate of neutral technical advance. We also estimate

the contribution of resource shifts to regional and national productivity

1. R.M. Solow, "Technical Change and the Aggregate Production Function",
Review of Economics and Statistics, Vol.39, 1957, pp.312-320.
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growth over the period.

Consideration of the assumptions made in Chapter Four leads to an
attempt to estimate the degree of returns to scale and the elasticity of
substitution in U.K. manufacturing. Also in Chapter Five we provide an
alternative proof of the C.E.S. side-relation, which relates the value
of the elasticity of substitution, to the relative growth rates of labour
productivity and the wage rate. Problems of estimation and interpretation
of the results are also discussed.

The estimates obtained in Chapter Five, for the aggregate manufacturing
sector, are utilised in Chapter Six to examine inter-regional differences
int he ‘'efficiency parameter' of the C.E.S. function. This chapter is
thus, in one sense, a static (or cross-sectional) counterpart to the
analysis presented in Chapter Four. Chapter Six emphasises the applica-
bility of growth theory to the study of differences between regions, at a
point in time. A technique is developed whereby differences in the
efficiency parameter may be ascertained without recourse to data on the
capital-labour ratio. We question the relevance of the doctrine of
'inherent!', or 'locational’, disadvantage,1 and extend the method of the
'evaluation of inner products' to reveal the importance of variations in
the capital-labour ratio, as a determinant of inter-regional differences
in the level of labour productivity. We are also able to evaluate the
importance of returns to scale as a source of productivity differences
between regions.

Chapter Seven has as its subject matter, the growth rates of employ-

ment in the regioms. Beginning with a 'shift-share' analysis of

1. e.g. G. McCrone, Regional Policy in Britain (London, George Allen and
Unwin, 1969), pp.169-180.
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employment growth, we then set out basic relationships between the growth
rates of output, employment, productivity, and capital accumulation.

With the aid of the estimates of capital deepening obtained earlier
(Chapter Four), an e valuation of inner products reveals the differing
importance of these factors as determinants of inter-regional differences
in the growth rate of employment.

The growth experience of regions is furtker explored in Chapter
Eight, which attempts to apply the Harrod-Domar model to isolate the
causes of persistent unemployment in the problem regions. A marked
diversity of regional experience is discovered.

The final chapter highlights some of the major findings of the
thesis with the aid of Kaldor's modell of regional economic growth. It
also attempts to indicate some implications of the results for further

research in the area of regional employment growth.

1. N. Kaldor, "The Case for Regional Policies", Scottish Journal of
Political Economy, Vol.17, 1970, pp.337-348.




o

Appendix Table 1,Al

Regional Abbreviations

(a) New Standard Regions.
N North
YH Yorkshire and Humberside
EM East Midlands
EA East Anglia
SE South East
SW South West
WM West Midlands
NW North West
W Wales
S Scotland

NI Northern Ireland

UK United Kingdom

(b) 014 Standard Regionms.
E&WR East and West Riding
NM North Midlands
M Midlands
I&SE London and South East
BE&S  East and South

SEE South East England (I&%SE + E&S)



-21 =
Appendix Table 1,A2

Standard Industrial Classification Order Numbers §126§)l

I1T Food, Drink and Tobacco

Iv Chemicals and Allied Industries

v Metal Manufacture

VI Engineering and Electrical Goods
VIiI Shipbuilding and Marine Engineering

VIII Vehicles

IX Metal Goods n.e.s.

X Textiles

X1 Leather, Leather Goods and Fur

XII Clothing and Footwear

XI1I Bricks, Pottery, Glass and Cement etc,
XIV Timber, Furniture, etc.

XV Paper, Printing and Publishing

XVI Other Manufacturing Industries

1. Source: Board of Trade, Report on the Census of Production 1963
(London, H.M.S.0., 1968), Part 1, Introductory Notes.
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Chapter Two

Regional Specialisation and the Location of Manufacturing Industries
in the United Kingdom: 1958 and 1963

This chapter is concerned with an examination of regional specialis-
ation and the location of industry. The chapter is comprised of two
parts; one dealing with the level (or degree) of specialisation and
localisation, and one dealing with patterns of specialisation and local-
isation. The first part offers a brief discussion of measures of the
level of regional specialisaiion and the localisation of industry,
together with a description of these magnitudes for the manufacturing
industries and regions of the U.K. in the years 1958 and 1963. The
second part of the chapter deals with the patterns of specialisation
and location, and attempts to explain these patterns with the aid of
hypotheses derived from the theory of international trade.

Inter-regional diffefences in the level and patterns of industrial
composition are of interest for two main reasons. Firstly, because a
number of studies have revealed that differences in industrial structure
between regions, or 'composition differences', are an important source
of inter-regional differences with respect to a number of important
economic phenomena.1 Given that one of the tasks of the regional
economist is to explain these differences,2 it follows that a necessary
step towards this end is to account for these 'structural differences'.

The second reason for examining the industrial structure of the regions

1, cf. the discussion in Chapter One, pp.l4-16, and the references cited
therein.

2. A.J. Brown, "Surveys of Applied Economics: Regional Economics, with
Special Reference to the United Kingdom", Economic Journal, Vol.T79,
1969, p.760.
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concerns the relationship that might be expected to hold be tween special-
isation patterns, and comparative or absolute costs, Given that there
may be gains to the regions from specialisation and trade, it is of some
interest to inquire into the association between cost and specialisation
patterns. Such a study should also provide evidence on the possibility
of increasing productivity levels within the regions, by intra-regional

resource shifts.,

The Extent of Regional Specialisation and Industrial Localisation.

A convenient measure of the degree to which the industrial compo-

sition of employment in any one region differs from that of all other
regions taken together, is the 'Coefficient of Regional Specialisation'.l’ s
Using the national composition of employment as a benchmark, the coefficient
measures the extent to which the proportional distribution of industrial
employment in any region, differs from the corresponding distribution in

all regions taken together,

The Coefficient of Regional Specialisation (CRS) for any region (j)

is defined as:3
| Wl
, CRS =,1,2|—L1_-l| (2.1)
3TN TR

1. P.S. Florence, Investment, location and Size of Plant, N,I.E.S.R.
Economic end Social Studies VII (Cambridge, C.U.P., 1948), pp.34-7.

2. On alternative measures and their inter-reletedness, see W. Isard
(et al), Methods of Regional Analysis (Cambridge, Mass., MIT Press,
1960), pPp.232-308; A.P. Thirlwall and C.P. Harris, "Measuring the
Localisation of Industry", Manchester School, Vol.35, 1967, pp.55-68.

3. W. Isard (et al), op.cit., p.271; C.E.V. Leser, "Industrial Special-
isation in Scotland and in Regions of England and Wales", Yorkshire
Bulletin of Economic and Social Research, Vol.l, 1948, pp.19-30;

AP, Thirlwall, "Weighting Systems and Regional Analysis: A Reply to
Mr. Cunningham", Oxford Economic Papers, Vol.21, 1969, pp.l28-133.
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where Lij = Employment in industry i in region j;
Lj = Total manufacturing employment in region j;
Li = Employment in all regions in industry i;
L = Total manufacturing employment in all regions.

If the industrial distribution of manufacturing employment in any
region was identical with that of the nation, the value of the coefficient
would be zero. The maximum degree of divergence, which.would occur if
the region had no employment in common with the nation, would be reflected
in a value for the CRS of unity.

Calculations of the proportion of each region's manufacturing work
force employed in different industries in the years 1958 and 1963 are
presented in the Appendix to this chapter, Tables 2.A1 and 2.A2. Data
on the proportion of national manufacturing employment in each industrial
order are presented in the Appendix Table 2.A6.1

Regional values of the Coefficient of Regional Specialisation for
the years 1958 and 1963 are reported in Table 2.1. Of the regions it
appears that Northern Ireland, Wales, and East Anglia, tend to be the
most specialised; in other words, the industrial structure of these
regions is most unlike that of all regions taken together. In contrast;
Scotland, the South East, and the North West, appear to possess the least
specialised industrial structures.

In some sense, the size of the Coefficient of Regional Specialisation
is related to the importance of inter-regional trade to the regional

economy. It is of some interest to examine the relationship between the

1. Ideally we would prefer a classification based on Minimum List
Headings, but sufficient data is unavailable. Even at the SIC
order level data is unavailable for two industries in Wales and
Northern Ireland.
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Table 2.1

Coefficients of Regional Specialisation1 1958 and 19632’ 3

Region 1958 1963
N 0.279 0.237
YH 0.217 0.183
EM 0.218 0.162
EA 0.287 0.238
SE 0.155 0.184
SW 0.233 0.214
WM 0.280 0.294
NW 0.178 0.110
W (0.295) | (0.276)
S 0.168 0.128
NI (0.343) | (0.314)

1. Includes Manufacturing industries only.

| NP ¥
—2d _ L
Lj L

2. CRS =-%§

3. Brackets (..); indicate calculations based upon insufficient
data.

Source: Calculated from data presented in Appendix: Tables 2.A1, 2.A2
and 2.A6.
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(apparent) importance of the trade sector and the size of the region.
Some idea of this relationship may be obtained from measuring the extent
to which there is an association between the CRS, and the proportion of
national manufacturing employment concentrated in each region. A rank
correlation coefficient, between the coefficient of Regional Specialis-
ation (ranked from highest to lowest), and the percentage distribution of
national manufacturing employment (also ranked from highest to lowest),
was computed for each year. In 1958 the value of the rank correlation
coefficient was (p=) - 0.760, which is significantly less than zero at
the 1 per cent level: for 1963 the correlation coefficient was -0.553,
which is significantly less than zero at the 5 per cent level of signif-
icance. We may conclude therefore that the degree of specialisation
decreases as the size of the region increases.1

A similar coefficient to the CRS may be calculated for each
manufacturing industry, measuring the extent to which the percentage
distribution of a particular industry between regions differs from that
of manufacturing as a whole. This is termed the Coefficient of
Localisation (CL) and is measured by;2
.Il.l_f.ll (2.2)
L, L ‘

_.%Z
CLi =7j
i

The values of the coefficient of localisation for each manufacturing
order in the years 1958 and 1963, are presented in Table 2.2. Textiles

(X), Metal Manufactures (V), and Shipbuilding and Marine Engineering (VII);

1. In part this may be due to a statistical illusion, in that more
‘weight' is given to the larger regions in the calculation of
national percentages. We would therefore expect, a priori, the
larger regions to show evidence of less specialisation vis-d-vis the
nation,

2. W. Isard (et al), op.cit., pp.249-254; A.P. Thirlwall and C.P. Harris,
op.cit., p.55f.
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Table 2.2

Coefficients of Localisation by Industry:l 1958 and 19632

Industry 1958 1963

II1 0.102 0.112

Iv 0.192 0.184

v 0.367 0.362

VI 0.092 0.085

VII (0.351) | (0.329)

VIII (0.216) | (0.177)

IX 0.271 0.250

X 0.414 0.416

XI 0.100 0.099

XII 0.146 0.145

XIII 0.129 0.116

XIV 0.174 0.161

XV 0.244 0.230

XVI 0.167 0.140
Wy W %
1 CL=4 -3

1

2. Brackets (..); indicate calculations based upon insufficient
data.

Source: Calculated from data presented in Appendix: Tables 2.A3, 2.A4
and 2.A5



are the most localised of the industry groups. The least localised

industries appear to be; Engineering and Electrical Goods (VI), Food,
Drink and Tobacco (III), and Leather, Leather Goods and Fur (XI).

Unlike the CRS, the degree of localisation appears to be unrelated
to the total size of the industry in question. The coefficient of rank
correlation between the Coefficient of Localisation and the proportion
of the national work force employed in each industry (both ranked from
highest to lowest), was (p=) 0.267 in 1958, and 0.196 in 1963; neither
of which is significantly different from zero at the 5 per cent level
of significance.

It has been claimed that there exists an association between the
average plant size in each industry and the degree of localisation.

In Idsch's theory of location, industries differ in the extent to which
increasing returns prevail, Technical factors may determine the scale
(relative to the market) at which diminishing returns set in, or alter-
natively, transport costs may offset the potential influence of

decreasing production costs. Differences in the size of 'market areas'
(reflected in average plant size) thus effect the dispersion of industry.1
Florence2 tends to place the emphasis upon transport costs, including the
effect of localised resources, together with differing demand conditions.
In Losch's model, it is primarily the degree of returns to scale which

explains the different sizes of market areas, and thus the spatial dis-

1. A. Losch, The Economics of Location (New Yark, John Wiley and Sons,
1967). TFor an excellent discussion of IL&sch's model, see
S. Valavanis, "I8sch on Location", American Economic Review, Vol.45,
1955, pp.637-44; W. Isard, Location and Space Economy (Cambridge,
Mass., MIT Press, 1956), pp.42-50; and B.J.L. Berry, Geography of
Market Centres and Retail Distribution (Englewood Cliffs, Prentice-
Hall, 1967).

2. P.S. Florence, op.cit., pp.45-54.
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persion of industry. Leaving to one side the differing patterns of
urbanisation within each region, and the influence of 'resource location',
the major variables accounting for differences in localisation would
appear to be economies of scale and demand condi tions.

Data on the average size of plant by industry is presented in
Table 2.3. Average size is measured by the average number of employees
per establishment (AEE) in each industry, i.e.

L

i
AEE; = 3 (2.3)
1 .
where Ei = Number of establishments in industry i in the U.K.l

An inspection of a scatter diagram of AEE and CL for each industry
in 1958 and 1963, revealed little evidence of any relationship between
the two,2 al though there does appear to be a tendency for highly localised
industries to have an above average size of plant. The coefficient of
rank correlation between average employees per establishment, and the
Coefficient of Localisation (both ranked from highest to lowest), was
(p=) 0.334 in 1958, and 0.379 in 1963. Although both coefficients are
positive, neither is significantly greater than zero at the 5 per cent
level of significance.

Elsewhere in the thesis we have derived estimates of the degree of

3

returns to scale in each industry in 1958 and 1963. Assuming that

these estimates reflect the scale at which decreasing returns set in,

1. Strictly speaking 'establishments' do not necessarily correspond to
'plants', being more akin to 'firms'. See Board of Trade, Report
on the Census of Production 1963, Introductory Notes (London, H.M.S.O.,
1968), p.4.

2. This may be due to the high level of aggregation.

3. See Chapter Five, pp. 191-9, on the estimation of the degree of returns
to scale.
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Table 2.3

Average Number of Employees per Establishment by Industry; U.K.:
1958 and 1963

Industry | 1958 | 1963
IIT 80 107
Iv 125 130
v 200 186
VE 117 113
VII 220 158
VI11 342 390
IX 45 | 49
X 100 105
XI 28 21
XII 55 60
XIII 58 61
XIv 26 28
XV 57 57
XV1 D T7
U.K. 84 89

Source: Board of Trade, Report on the Census of Production 1963,
(London, H.M.S.0., 1970),pp.13%8-133/35.
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they may be used to test the hypothesis that localisation is related to
the extent of economies of scale (internal to the industry). The rank
correlation coefficient between the degree of returns to scale, and the
Coefficient of Localisation (both ranked from highest to lowest), was
(p=) 0.386 in 1958 and =0.500 in 1963, The latter is significantly
less than zero at the 5 per cent level of significance. It would appear
as though highly localised industries tend to be those experiencing
decreasing returns, and highly dispersed industries tend to be those
experiencing increasing returns. If we accept the estimates of the
degree of returns to scale, this result can only be reconciled with
Losch's model if oligopoly, transport costs, demand patterns, and
economies of agglomeration (external to the industry),l are taken into
account. It appears as though the existence, and degree, of returns
to scale are relatively unimportant as a determinant of localisation
patterns in U.K. manufacturing industries. The broad conclusions of
Florence,2 regarding the relationship between average establishment size
and localisation seem to be supported, although we appear to be bereft
of an explanation for them.

Turning our attention to changes in specialisation and localisation

over the period,3 two measures of change suggest themselves. One

1. Although the perverse results noted above may be considered to be
evidence of diseconomies of agglomeration, there is likely to be
little association between these two sources of economies.

2. P.S. Florence, op,cit., pp.37-45, and also P.S. Florence, Post-War
Investment, Location and Size of Plant, N.I.E.S.R. Occasional Papers
XIX (Cambridge, C.U.P., 1962), p.6f. See also, R.J. Nicholson,
"The Regional Location of Industry: An Empirical Study Based on the
Regional Tables of the 1948 Census of Production", Economic Journal,
Vol.66, 1956, p.472f.

3. Unfortunately the detailed tables of the 1968 Census have not been
released at this time. As a result comparisons are restricted to
the period 1958 to 1963.
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measure of change is simply to calculate the difference in magnitude
between the Coefficients of Specialisation (and Localisation), between
1958 and 1963. An alternative is to compute a 'redistribution!
coefficient directly. We may define the Coefficient of Regional

Redistribution (CRR)1 as:

L. L.
CRR, = 4° | =gz - —Lisg (2.4)
3 i Lj Lj

The coefficient will have a value ranging between zero (no change
in the distribution of regional employment over the period) and unity
(complete re-allocation of resources).

The values of these two coefficients over the period are reported,
for each region, in Table 2.4.2 There was a tendency in most regions
for their industrial composition to converge towards the national
indus trial structure. Only the South East and the West Midlands
increased their degree of specialisation relative to the nation.
Redistribution was greatest in East Anglia and the North West, and least
in the West Midlands and the South East. The data may therefore be
interpreted to mean that other areas of the country were altering their
industrial structure, over the period, such as to duplicate that of the
South East and West Midlands,

The convergence of the industrial composition of regions, noted
above, may be due, to a large extent, to the influence of government
policy as it effects the movement of industry. Since it operates to

divert the expansion of firms from the South East and Midlands to the

1. W. Isard (et al), Methods of Regional Analysis, p.275.

2. The coefficient of rank correlation between these two measures is
0.715, which is greater than zero at the 5 per cent level of
significance.
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Table 2.4

The Change in the value of the Coefficient of Regional Specialisation;l
and Coefficients of Regional Redistribut:lon;'2 1958—19633

Region ACRS CRR
N -0.042 0.061
YH -0.034 0.030
EM -0.056 0.051
EA -0.049 0.082
SE 0.029 0.036
SW -0.019 0.044
WM 0.014 0.020
NW -0.068 0.075
W (=0.019) | (0.044)
S -0.040 0.046
NI (-0.029) | (0.056)

1. CRS = CRSgy - CRSgg

) B .
2. CRR =:%f -35163 - E%358
J J

Y6 Brackets (..); indicate calculations based upon insufficient
data.

Source: Calculated from data presented in Table 2.1 and Appendix: Tables
2.A1 and 2,A2
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peripheral areas, it is thereby transferring the industrial structure
of the centre to the periphery. Whilst there is no discernible associ-
ation between the change in the Coefficient of Regional Specialisation
and measures of industrial movement between regions over the period,
this is not true of the Coefficient of Regional Redistribution. The
Coefficient of Rank Correlation between CRR:j and the proportion of total
moves going to each region, over the period 1960-66, is 0.555. The
correlation coefficient between CRR:j and the 'Propensity to Attract
Moving Firms'1 for each region, is 0.562. Both coefficients are greater
than zero at the 5 per cent level of significance.

We would expect that relatively rapid employment growth could
provide the potential for resource re-allocation; in addition, we would
expect resource re-allocation to be reflected in relatively high levels
of productivity growth. It must be reported that there is no association
between the levels of redistribution undertsken in the regions, and the
magni tude of employment or productivity growth over the period. The rank
correlation coefficient between the CRR, and the rate of growth of employ-
ment over the period (disregarding the sign of employment growth), is
0.072; between the CRR and the rate of growth in labour productivity it
is 0.183., Neither of the correlations is significantly different from
zZero.

Measures of locational change may also be computed for each industry.

The Coefficient of Industrial Redistribution (CIR) becomes;3

1. Details of the computation and sources of the movement data may be
found in Chapter Three, pp. 101-4,

2. These relationships will be explored further in Chapter Four.

3. W. Isard (et al), op.cit., p.254.
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5 L
I | i
CIR; =3, 32163 - 12158 (2.5)

The values of this coefficient, together with the magnitude of the
changes in the Coefficient of Localisation over the period, are presented
in Table 2.5.

Most industries, with the exception of Food, Drink and Tobacco (III),
and Textiles (X), revezled a tendency to become more dispersed over the
period.l Locational change was greatest in Shipbuilding and Marine
Engineering (VII), and Textiles (X).

As with the CRR, there is little association between the Coefficient
of Industrial Redistribution and ei ther employment or labour productivity
growth rates. The rank correlation coefficient between the CIR and the
rate of growth in employment (disregarding sign) is 0.140; with produc—
tivity growth it is 0.175. Neither coefficient is significantly
different from zero at the 5 per cent level of significance.

Thus far we have described the degrees of regional specialisation
end industrial localisation, together with the magnitude of changes in
these measures over the period 1958 to 1963. It has been shown that
there is little or no relation between these measures and various
'explanatory' variables (which we would expect to be associated with
them), such as plant size, returns to scale, productivity growth etc.

The next section of this chapter will be concerned with attempts
to explain the pattern of specialisation and localisation with reference

to hypotheses derived from the theory of international trade.

1. These findings are broadly in agreement with those of A.P. Thirlwall
and C.P. Harris, op.cit., p.60.
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Table 2.5

The Change in the value of the Coefficient of Localisation
by Industry;l and Coefficients of Industrial Redistribution:2

1958-637
Industry ACL CIﬁ-NN
IIT 0.010 | 0.028
IV -0.008 | 0.032
v -0.005 | 0.039
VI -0.007 | 0.015
VII (=0.002) | (0.063)
VIII (-0.039) | (0.050)
IX -0.021 | 0.029
X 0.002 | 0.056
XI -0.001 | 0.031
XIT -0.001 | 0.016
XIII -0.013 | 0.020
XIV -0.013 | 0.019
XV -0.014 | 0.014
XVI -0.027 | 0.035
1. ACL = CLgy - CLgg
qidee b 4
2, CIR=1%; 3%163 - 758
i z

3. Brackets (..); indicate calculations based upon insufficient
data.

Source: Calculated from data presented in Table 2.2.
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Patterns of Regional Specialisation and Trade in the United Kingdom:
A Test of Some Hypotheses.

As indicated at the beginning of this chapter, this section will be
concerned with patterns of specialisation and localisation rather than
the ;gggl, or degree, of specialisation and localisation.

Regional economists have devoted little attention to the empirical
study of the basis of regional specialisation and industrial location.,
One major exception is the work of R.J. Nicholson for the U.K.1 based
upon the 1948 Census of Production., Another exception is the stimulating
paper by J.R. Moroney and J.M. Valkler2 which considers the ability of the
Heckscher~Ohlin theorem to account for the observed pattern of specialis-
ation in the south of the United States. One part of the present study
represents an attempt to extend the work of Moroney and Walker, using
U.K. data, and to generalise their model to a multi-region system.
Besides the Heckscher-Ohlin theorem, an attempt will also be made to test
various other hypotheses of the basis of regional specialisation, in
particular hypotheses derived from the classical theory of internationeal
trade.

The purpose of this section is therefore twofold. Firstly, we are
interested in explaining particular patterns of specialisation and local-
isation. Towards this end we will specify and test alternative

hypotheses as to the determinants of trading and location patterns.

1. R.J. Nicholson, "The Regional Location of Industry: An Empirical Study
based on the Regional Tables of the 1948 Census of Production",
Economic Journal, Vol.66, 1956, pp.467-48l. It is important however
to read, in conjunction with the above, the comments by A.J. Brown,
"Surveys of Applied Economics: . . .", op.cit., pp.775-T7.

2. J.R. Moroney and J.M. Walker, "A Regional Test of the Heckscher-
Ohlin Hypothesis", Journal of Political Economy, Vol.74, 1966,
Pp.573-86.
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Secondly, we are also interested in assessing, according to various
criteria, the 'efficiency' of resource allocation within and between
regions. In the latter case the particular determinants of allocative
and locational decisions are immaterial; we are simply interested in
the outcome of these forces, as reflected in the prevailing pattern of
specialisation, and its relationship with certain 'efficiency' criteria,
such as labour productivity. In the event that prices reflect oppor-
tunity costs and are correctly perceived (and this led, in turn, to an
appropriate adjustment in resource allocation), these two interests
would merge into one. As will readily become apparent it is necessary,
at the outset, to make these assumptions and to treat the two problems
as identical. At some point in the analysis however, it may be
necessary to reconsider this assumption.

Whilst the main concern of this section is with explaining the
observed pattern of regional specialisation, it is possible, given
certain assumptions, to derive inferences about regional trading patterns
from the observed pattern of regional specialisation. Assuming that
differences in the composition of demand do not offset the ordering of
regional advantages as determined by supply conditions, the industrial
composition of regional trade may be considered to be arrayed in the same
order as the industrial composition of regional specialisation in produc-
tion.

The major assumption upon which the analysis is based is that the
pattern of resource allocation, and the quantity composition of trade,
are determined by differences in relative prices. It is the deter-

minants of relative price differentials which alternative theories, of
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the basis of trade, seek to explain.1

In order to derive appropriate measures of regional advantage, it
is also necessary to make an assumption about whether specialisation and
trade are determined by comparative, or absolute, advantage. That is,
assumptions must be made regarding the mobility (or 'specifity') of
resources, We will assume, in the first instance, that regions
specialise according to their comparative, rather than absoclute,

advantage; in other words that resources are regional specific.

If none of the hypotheses, as to the basis of relative price

differences, appears to account successfully for the observed patterns

of regional speciglisation, it may be necessary to question the validity
of the assumptions which underly the analysis. For the moment however,
the discussion will proceed on the assumptions; that comparative
advantage is the appropriate measure of regional advantage, and that
patterns of specialisation and trad92 in manufactures reflect relative
price differences.

Consideration will be given initially to the ability of the two-
factor variant of the Heckscher-Ohlin theorem to account for the observed

3

pattern of regional specialisation, This is followed by a test of the

1. For a detailed discussion of the methodology of empirical studies of
patterns of trade see J. Bhagwati, "The Pure Theory of International
Trade: A Survey", Economic Journal, Vol.74, 1964, pp.4-17.

2. For an extremely interesting discussion of the relationships between
specialisation, trade and industrial location see W. Isard, Location
and Space Economy (Cambrid ge, Mass., MIT Press, 1956).

3, Whilst this is tantamount to a 'reversal' of the doctrinal order of
things it is prompted by two factors. Firstly, the analysis which
follows was stimulated by the Moroney and Walker paper, and in that
sense the Heckscher-Ohlin model was the starting point for the
analysis of this chapter. Secondly, the formulation and test of
the H-0 theorem is relatively straightforward compared with the
classical hypotheses, especially in the light of Nicholson's confusing
analysis, referred to above.
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classical comparative labour costs hypothesis, consideration being given
to comparative labour productivities, and comparative unit labour costs,
as possible determinants of specialisation patterns. Examination of the
latter alternative was prompted by a recent paper by Kaldor,1 in which he
stresses the possible importance of efficiency wage differences as a
determinant of regional export and growth performance. The penultimate
section of the chapter considers the possibility that the observed
pattern of specialisation may reflect differences in absolute, rather
than comparative, regional advantage. We begin with a discussion of

the measure of the pattern of specialisation within each region.

The Measure of Regional Specialisation

The pattern of specialisation within each region is measured by the

Employment Location Quotient (ELQ).2 For each industry (i) in region

(3), the EIQ is defined as being equal to;3
L. L. L. . L.
e,y = 5 /5 - g/ (2.0
2 B 3/

If the value of the ELQ is greater than unity, then the region is
considered to be specialised in that industry relative to all other

regions; if it is less than unity, the region is assumed not to

1. N. Kaldor, "The Case for Regional Policies", Scottish Journal of
Political Economy, Vol.l7, 1970, pp.337-48.

2. Specialisation may be measured in terms of employment or output.
Since the rank correlation coefficient between these two measures is
positive and significant at the 1 per cent level for all regions, it
should make no substantial difference to the results which measure
is used.

3. The ELQ is thus equivalent, in terms of ratios, to the components
(expressed in terms of differences) of the measure of the level of
regional specialisation or industrial localisation; cf. Equations
(2.1) and (2.2).
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specialise in that activity. A matrix may be derived consisting of
(i) rows and (j) columns, the elements of which are the calculated
ELQij's. The matrices for the years 1958 and 1963 are presented in
the Appendix Tables 2.A7 and 2,A8. Assuming that a region will export
the products of those industries in which it is relatively specialised,
and import the products of industries for which the ELQ is less than
unity, the column vectors of EIQ's can be regarded as a proxy for the
trading pattermn of each region.1 If the EIQ's across any row are
ranked from highest to lowest, the rankings should correspond to
ordering the regions by an exportation-importation scale for the
products of that industry.2

The major defect of the Location Quotients approach, as it effects
the present study, is that it would be possible for all regions to be
net importers of one product and net exporters of another. Yet, the
EIQ measure must show some regions with an EIQ greater thamn unity in
the first case, and an ELQ less than unity in the second, thus possibly
reversing the actual rankings within a region.3 This defect is
mitigated by two factors; firstly, the qualitative rather than quanti-

tative use to be made of the quotients, and secondly, the fact that the

1. It should be emphasised that attention is confined to manufacturing
activities.

2. Emphasis is placed upon "rankings" and "ordering" rather than absolute
magnitudes for a number of reasons. It has been argued that the
theory of comparative advantages predicts orderings rather than
magnitudes. R.W. Jones, "Factor Proportions and the Heckscher-Ohlin
Theorem", Review of Economic Studies, Vol.24, 1956-7, pp.l-10.

3. Recently an attempt has been made to take account of this and to apply
the Location Quotients to measure regional exports and imports.
F.J.B. Stilwell and B.D. Boatwright, "A Method of Estimating Inter-
regional Trade Flows", Regional and Urban Economics, Vol.l, 1971,

pP.77-87.
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U.K. as a whole is a net exporter of the products of those industries
with which we are concerned.1 We turn now to a discussion of the

Heckscher-QOhlin theorem.

Relative Factor Endowments and the Pattern of Regional Specialisation

Briefly stated the Heckscher-Ohlin hypothesis is; that economies
will export those goods which require in their production relatively
large quantities of the most sbundant factor in that economy, and import
the products of those industries which are intensive in the relatively
less abundant factor. Following extensive discussion in the literature
over the influence of the composition of demand, and the resultant
distinction between physical and ‘'economic' abundance,2 the theorem has
been modified to predict production rather than trading patterns. Given
the 'strong factor intensity' assumption, the theorem may be modified
slightly to state that; "Ordering the commodities with respect to the
capital-laebour ratios employed in production is to rank them in order of
comparative advantage".3 Since the data we have available refers to
specialisation in production, rather than trade, the problem imposed by
demand factors may be side—stepped.4

Moroney and 'Jalker5 examined the relationship between the relative

1. Central Statistical Office, Input-Output Tables for the United Kingdom
1963, Studies in Official Statistics No.l6 (London, H.M.S.0., 1970),

p.9f.

2. In particular, S. Valavanis-Vail, "Leontief's Scarce-Factor Paradox",
Journal of Political Economy, Vol.62, 1954, pp.523-528.

3. R.W. Jones, op.cit., p.6.

4., An excellent review of tests of the Heckscher-Ohlin hypothesis, and
the advantages of regional tests, will be found in J.R. Moroney and
J.M. Walker, op.cit., pp.573-586.

5. Ibid., pp.573-86.
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capital intensity of (two-digit) manufacturing industries in the Uni ted
States, and the degree of specialisation in those industries in the South.
Given that the South is a relatively low wage (labour sbundant) regionm,
the two-factor version of the Heckscher-Ohlin theorem predicts that the
South should specialise, vis-d-vis the remainder of the U.8.,; in
relatively labour intensive industries. The particular hypothesis
tested by Moroney and Walker was that; "there is an inverse rank ordering
between capital-labour ratios and location quotients".l Since rank
correlation measures indicated that the region was specialising in
relatively capital intensive industries in 1949 and 1957, they rejected
the hypothesis.

The Heckscher-Ohlin hypothesis was tested for the regions of the
United Kingdom in 1958 and 1963, based upon the procedure adopted by
Moroney and Walker. Capital-labour ratios were calculated for the
thirteen manufacturing orders in the U.K.2 in 1960, using estimates made

3 The industrial orders were

as part of the Cambridge Growth Project.
then ranked from highest to lowest on the basis of the estimated capital-
labour ratios. Assuming that the order of these rankings would be
preserved in each region,4 the rankings of the industries in terms of

capital intensity were correlated with the rankings of the column vectors

of the EIQ's (Tables 2.A7 and 2.A8), and Spearman's coefficient of rank

l‘. Ibido, p. 581.
2, S.I1.C. Orders XI and XII, were combined.

3. G. Pyatt, Capital, Output and Employment 1948-1960, A Programme for
Growth, Vol.4 (Cambridge Department of Applied Economics, 1964).
Data refers to the value of capital stock per employee and is reported
in the Appendix to this Chapter, Table 2,A9.

4, This amounts to the 'strong factor intensity assumption'.
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correlation (RCC) was computed.l

The estimates of the rank correlation coefficient are given in
Table 2,6, together with an index of average earnings per employee in
total manufacturing in each region, On the basis of a one-tailed test,
none of the estimates was found to be significantly different from zero
at the 5 per cent level of significance.

It is of some interest, however, to find that the correlation
coefficient for Northern Ireland is negative in both years, indicating
that there is some tendency for the low-wage region to specialise in
relatively labour intensive industries. The coefficient for Wales, a
high wage region, is positive in both years, reflecting the tendency for
resources to be concentrated in capital intensive industries in that
region. The coefficient for the South East, however, also a high wage
region (and a region which suffers from a chronic shortage of labour),
is negative in both years - a result which is inconsistent with the
predictions of the Heckscher-Ohlin model. Similarly, as we progress
from regions with the lowest, to regions with the highest, wage level,
we do not find a smooth transition from negative coefficients (indicative
of specialisation in labour intensive industries), to high and positive
coefficients (indicative of specialisation in capital intensive
industries). However, the evidence for particular regions is more
favourably inclined towards the Heckscher-Ohlin hypothesis than were
the results of Moroney and Walker's study of the Southern United States.

We should note that the associations we have measured may arise

from many factors. Indeed, it could be argued that the relationship

1. A discussion of the coefficient and significance tests may be found
in P.G. Hoel, Elementary Statistics (N.Y., John Wiley and Sons, Second
Edition, 1966).




Table 2.6

Relationship between Relative Capital Intensity and
Regional Specialisation Patterns: 1958 and 1963

1958 1963
e rect | wi2 | Rec WI
N +0.01 | 1,03 | -0.09 [ 1.00
YH +0.33 | 0.95 | +0.35 | 0.93
EM | +0.14 | 0.96 | +40.23 | 0.92
EA | -0.35 | 0.95 | -0.32 | 0.93
SE -0.30 | 1.08 | -0.23 | 1.07
sW | -0.40 | 1.01 [ -0.32 | 1.01
WM | +0.11 | 1.04 | +0.01 | 1.03
MW | +0.10 | 0.93 | +0.30 | 0.96
W +0.27 | 1.08 | +0.33 | 1.08
s +0.30 | 0,96 | +0.27 | 0.95
NI -0.31 | 0.75 | -0.28 | 0.76

Ireland.)

(v.K. = 1,00).

1. Rank correlation coefficients between capital-labour ratios
and EIQs for thirteen manufacturing industries in each region,
both ranked from highest to lowest. (Due to insufficient |
data only eleven industries are included for Wales and Northern

2. Index of earnings per employee in manufacturing in each region

Source of earnings data; Board of Trade, op.cit., pp.133/6 and 133/7,
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between average wage rates (earnings) and specialisation is due, not to
a causal relationship from wage level to technique but, to a relationship
from technique to a 'productivity based' wage.

The analysis was repeated substituting Nicholson's estimatesl of the
capital-labour ratio in ten industry groups for 1961, for the Cambridge
data. Essentially the same results were observed using Nicholson's data
as were found with the Cambridge capital measures. To some extent the
results appear to be insensitive to alternative measures of the capital-
labour ratio.

Two explanations for the insignificant results suggest themselves;
one refers to the possibility of 'factor-reversal', the other refers to
excluded variables,

It may be that the assumption, that the ordering of capital-labour
ratios is identical between regions, is invalid. Remaining within the
neo-classical framework, this would occur if the elasticity of substitution
of capital for lasbour was not identical between industries. This would
imply that industries could not be ranked uniquely in terms of their
capital intensiveness.2 Estimates of the elasticity of substitution at
the SIC order level in U.K. manufacturing (using a Constant Elasticity
of Substitution Production Function)3 indicate that there are significant

differences in the estimated elasticity of substitution between industries.4

1. R.J. Nicholson, "Capital Stock, Employment and Output in British Industry
1948-1964", Yorkshire Bulletin of Economic and Social Research, Vol.18,
1966, p.81.

2, B.S. Minhas, An International Comparison of Factor Costs and Factor Use
(Amsterdam, North Holland, 1963).

3. K. Arrow (et al), "Capital-Labour Substitution and Economic Efficiency",
Review of Economics and Statisties, Vol.43, 1961, pp.225-250.

4, The estimates, and the estimation procedure, are discussed in Chapter
Five,
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In addition factor reversal, which is made possible by differing elasti-
cities, is quite likely, as one-quarter of the industries appear to
operate under conditions of fixed coefficients, and two-thirds under
conditions approximating a Cobb-Douglas technology.l Given these results
the Heckscher-Ohlin theorem is untenable, or at least untestable, even if
all the other assumptions of the model are fulfilled.

It is also possible that more than two factors of production must
be considered. Natural resources are often thought to be important as
a determinant of comparative advantage, and their exclusion from the
analysis is often cited as the major contributor to poor results.2 With
manufacturing industries this is not likely to be an importantfactor,
although there are some exceptions,especially Textiles and Metal
Manufactures.

At least one writer3 has argued that differences in the ‘'quality!
and ‘'efficiency' of labour are an important variable which should be
taken into account explicitly. Indeed it may be claimed that the hypo-
thesis should be revamped to make differences in the 'efficiency of
labour', the proximate determinant of comparative advantage. This has
the advantage of retaining (implicitly) the importance of capital-
intensity as a variable, but regards it as only one determinant of
differences in the 'efficiency wage', and thus indirectly as a deter-

minant of comparative advantage and trading patterns. This approach,

1. See Tables 5.2 and 5.6.

2., Moroney and Walker use this explanation; op.cit., pp.58l-4. Mention
should also be made of market imperfections and returns to scale.

3. A.J. Brown, "Professor Leontief and the Pattern of World Trade",
Yorkshire Bulletin of Economic and Social Research, Vol.9, 1957,
PP- 63"75~




- 48 -

which is essentially 'classical' in outlook, will be the subject of the

remaining sections of this chapter.

Comparative Labour Costs as a Basis for Specialisation

A number of studies of the pattern of international trade have
found some empirical support for the classical hypothesis; that
differences in trading patterns, or shares in export markets, can largely
be explained by differences in comparative labour coats.l In addition
the importance of efficiency wage differences, as a determinant of
regional growth rates, has recently been emphasised by Kaldor.2 The
particular problem encountered in this study was associated with the
measurement of comparative labour costs, in a manner consistent with the
classical hypothesis.3

A 'naive' version of the classical hypothesis, which holds that
there is a relationship between specialisation and comparative labour
productivity, was tested for 1958 and 1963. The method used to construct
vectors of comparative labour productivity in manufacturing industries,

for each region in both years, will be described in some detail.

1. G.D.A, MacDougall, "British and American Exports: A Study suggested
by the Theory of Comparative Costs", Economic Journal, Vol.61l, 1951,
pp.687-724 and Vol.62, 1952, pp.487-521; R. Stern, "British and
American Productivity and Comparative Costs in International Trade",
Oxford Economic Papers, Vol.l4, 1962, pp.275-296; B. Balassa, "An
Empirical Demonstration of Classical Comparative Cost Theory", Review
of Economics and Statistics, Vol.45, 1963, pp.231-238. A critical
evaluation of these papers may be found in J. Bhagwati, "The Pure
Theory of International Trade: A Survey", Economic Journal, Vol.T74,
1964, pp.1-84.

2. N. Kaldor, "The Case for Regional Policies", Scottish Journal of
Political Economy, Vol.l7, 1970, pp.337-48.

3. A similar approach, to that adopted here, may be found in, A.J. Brown,
The Framework of Regional Economics in the United Kingdom, N.I.E.S.R.
Economic and Social Studies XXVII (Cambrldge, C.U.P., 1972),
Pp.158-160.
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A matrix of i rows (industries) and j columns (regions) of compara-
tive labour productivity was constructed by the following method.
Firstly, the value of net output per employee was calculated for each
industry in each region, from the regional tables of the 1963 Census of
Production.1 This yields a matrix of actual labour productivities in
each region., Secondly, for each industry (row) in turn, labour produc-
tivity in each region was expressed as a proportion of the national
'average' productivity in that industry. The derived matrices of
comparative labour productivities are presented in the Appendix to this
chapter, Tables 2.,A10 and 2.All.

Regional comparative advantage is assumed to lie in the products of
those industries for which regional productivity is highest, relative to
the nafion. If, therefore, regions specialised according to their
comparative labour productivities, we would expect to find a significantly
positive correlation between the rankings of the EIQ's and the ranking of
the productivity indices (both ranked from highest to lowest), down the

corresponding columns of the matrices.z’ 3

1. Net Output is defined as ". . . the value added to materials . . .
obtained by deducting from the Gross Output the cost of purchases
ad justed for stock changes, payments for work given out to other
firms, and payments for transport". (Board of Trade, op.cit., p.ii).
'Employees' includes; operatives, administrative, technical, and
clerical employees. Net Output is measured in value terms as -
regional price indices are unavailable.

2. An alternative method is to deflate each column by the regional average
and then compare the relevant rows. The procedure outlined in the text
was preferred on intuitive grounds, and also to facilitate 'absolute
cost' comparisons at a later stage of the argument.

3. This amounts to a test of what Stigler has labelled a 'predictive' labour
theory of value; G.J. Stigler, "Ricardo and the 93 Per Cent Labor Theory
of Value", American Economic Review, Vol.48, 1958, pp.357-367. It
appears as though the classical economists were not alone in this view,
as recent comments on the 'neo-classical' parable demonstrate; .

P. Garegnani, "Heterogeneous Capital, the Production Function and the
Theory of Distribution", Review of Economic Studies, Vol.37, 1970,
pp.407-436.
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The results of the test, correlation being measured by Spearman's
rho, are set out in Table 2.7. Only one region, the North, exhibits a
significantly positive relationship. This result is not unexpected as
prices depend, not only upon factor productivity, but also on the cost
of inputs. Differences in wages may offset, or more than offset,
differences in labour productivity between regions, and between the
industries within each region.

A recent study by Uoodwardl revealed, as a result of an analysis of
variance on U.K. data for 1961, that average product differs significantly
between industries, but does not exhibit any significant inter-regional
differences. Average earnings, however, exhibited significant inter-
industry, and inter-regional,differences. It seems desirable therefore
to allow for this source of variation in the measure of comparative
labour costs. The next section of the chapter will deal with the
formulation, and tests, of the hypothesis that differences in efficiency
wages are able to account for the observed pattern of regional specialis-

ation,

The Classical Hypothesig II: Efficiency Wage Differences

Unit labour costs were calculated, for each industry in each region,
by dividing the wage and salary bill2 by the value of net output. This

has a particular advantage in that differences in taxes, overtime pay-

ments, hours of work etc., are automatically included. Comparative

1, V.H. Woodward, Regional Social Accounts for the United Kingdom,
N.I.E.S.R. Regional Papers 1 (Cambridge, C.U.P., 1970), p.89.

2, Wages and Salaries are defined as "amounts paid to operatives and to
administrative, technical and clerical employees", ". . . no deduction
is made for income tax, insurances, contributory pensions ete."

(Board of Trade, op.cit., p.iii).



“ By o

Table.2.7

Relationship between Comparative Labour Productivity and Regional
Patterns of Specialisation: 1958 and 19631

Region p 58 p 63

N +.570% | +.5081

YH +.311 +.3523

EA -.096 -.134
SE -.084 +.086

SW +.242 +.165
-.2%4 -.130

WM
Nw +.148 +.119
W

+.131 -.189
S 4,191 -.086
NI +.183 -.042

1. Indicates significantly different from zero at the 5 per cent
level.
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unit labour costs were derived, for each industry in each region, in the
same manner in which the matrix of comparative labour productivities were
derived; i.e., by dividing each row element by the corresponding national
'average! unit labour cost.l Ranking the indices down each column, from
lowest to highest, is equivalent to ordering the industries in each region
in terms of the opportunity cost, to the region, of using labour in each
particular industry, since net output is measured in value terms. The
lowest unit labour cost industry, relative to the nation, represents the
industry in which regional comparative advantage is greatest.

If regions specialised according to their comparative advantages,
as determined by relative efficiency wages, we would expect to find a
positive and significant correlation between the rankings of the EIQ's

(ranked from highest to ;owqgj), and the rankings of the efficiency wage

indices (ranked from lowest to highest), down the corresponding columns

of the matrices. Results of the correlation test are set out in Table
2.8.

The results indicate that only one region, the South West in 1958,
was specialising in industries in which it had a comparative advantage
according to the classical criterion. Two regions were specialising in
industries in which they had a comparative disadvantage, i.e. East Anglia
and Wales; and the remaining regions show no statistically significant
relationship. The hypothesis, that regional comparative advantage is
determined by differences in efficiency wages, must therefore be rejected.

It may be of some interest to examine the changes which occurred in

the degree of association, between specialisation and comparative unit

1. The matrices of comparative unit labour costs are presented in the
Appendix, Tables 2.A12 and 2.Al13.
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Table 2.8

Rank Correlation Coefficients between the Patterns of Regional
Specialisation and Comparative Unit Labour Costs;
1958 and 19631

Region | p1958 | 1963
N +.248 +.194
YH -,022 -.065
EM -.130 -+350
EA -, 701%* - 55T*
SE -.321 -.045
SW +,501% +.130
WM -.365 -.415
NW +.105 +.048
W -.161 -« 5TO*
S +.262 +.048
NI -.094 -.355

* ~ indicates significant at the 5 per cent level.

** - indicates significant at the 1 per cent level.
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labour cecsts, over the period 1958 to 1963. With the exceptions of East
Anglia and the South East, all regions exhibited a decline in this associ-
ation over the period.1

As a first approximation we may consider the change in the degree of
association over the period to be the result of two distinct, though
inter-related, influences. On the one hand wage rates and the produc-
tivity of labour may alter, signalling the need for a re-allécation of
the resources within each region. On the other hamnl (possibly as a
result of this change), resources may be re-allocated in each region,
altering the pattern of specialisation. An attempt has been made to
isolate these two influences using a 'hybrid' correlation coefficient
(rho*); arrived at by comparing the rankings of the EIQ's for each
region in 1958, with the rankings of comparative unit labour costs in
1963. Rho* thus measures the degree of association which would have
been found, if the pattern of regional specialisation remained unaltered,
as unit labour costs varied over the period. The difference between the
value of the hybrid rank correlation coefficient and the actual degree of
association in 1958, measures the effect of changing unit labour costs
over the period - holding the pattern of specialisation constant. The
difference between the actual coefficient for 1963, and the hybrid

coefficient, allows us to assess the effect of changes in the pattern of

1. It should be emphasised that the discussion contained in the remainder
of this section is of the nature of an aside from the main argument.
In the main text the rank correlation coefficient is used as an aid
to test hypotheses, and thus statistical tests of significance are
applied. The remainder of the present section is concerned with the
use of the rank correlation coefficient merely as a descriptive
statistic, summarising information contained in the samples. Statis-
tical significance or insignificance aside, this information is
worthwhile as descriptive information in its own right, conveying
information about the sample.
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regional specialisation in the light of unit labour costs ruling in the
final period.

Thus,

[Rho(63) - Rho(58) ) = [Rho* - Rho(58)] + [Rho(63) - Rho* |  (2.7)

By this means we are able to decompose the total change in the
coefficient over the period into a 'competitiveness', and 're-allocation'
component, respectively.

The estimates of these components are presented in Table 2.9. In
the regions for which the degree of association increased over the period
(EA and SE), a favourable movement in the competitive component was an
important contributor.

Estimates of the reallocation component also indicate that in three
regions in particular (EW, SW and W), structural changes occurred over
the period which (perhaps in response to market forces), tended to
mitigate against unfavourable changes in competitiveness, although with
varying success. Scotland stands out as a region where unfavourable
structural changes were a major determinant of the lesser degree of
association, between specialisation and comparative costs, over the
period. This is also true to some extent of the West Midlands region.
Once these perverse results are noted, the table as a whole reveals the
expected rigidity of allocative patterns, vis-a-vis relative price changes.

It was noted earlier that comparative unit labour costs appear unable
to account for the observed pattern of regional specialisation. Efficiency
wages may be considered, however, to be a good proxy for relative prices,1
and therefore it seems desirable to question the assumptions under which

the hypothesis was brought to test. In particular we must consider the

1. cf. J. Bhagwati, op.cit., pp.l12-17.



Components of Change in the Association between Unit Labour Costs

Table 2.9

and Specialisation between 1958 and 1963

naten | ik Bpes [t | 2o
N -0.054 -0.038 -0.016
YH -0.043 -0.060 +0.017
EM -0.220 -0.370 +0.150
EA +0.144 +0.121 +0,.023
SE +0.276 +0.281 -0.005
SW -0.371 -0.418 +0.047
WM -0,050 +0,005 -0.055
NW -0.057 -0,065 +0.008
W -0.409 -0.499 +0.090
S -0.214 -0.062 -0.152
NI -0.261 -0.269 -0.008

1. Total Change = rho (63) minus rho (58), from Table 2.8,

2. Competitive Component = rho* minus rho (58).

3. Re-allocation Component = rho (63) minus rho*.
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possibility that the pattern of regional specialisation and trade is based
not upon comparative, but rather on absolute, cost differences. It is
possible, owing to the method by which the matrix of efficiency wages was

derived, to test this proposition.

Industrial Localisation and Absolute Unit Labour Costs

If regions specialised according to their absolute advantage (that
is, resources were industry, not regional, 'specific') and each industry
was relatively concentrated in regions with the lowest absolute unit
labour costs,1 we would expect to find a significantly positive correlation
between the ELQ's and the Unit Labour Cost indices, ranked across each
corresponding row of the matrices. Since we derived the indices by
deflating the elements in each row by a constant, the initial ordering
of absolute costs (across each row) is preserved.

The results of the absolute advantage test, relating specialisation
and absolute unit labour costs by region for each industry, are set out
in Table 2.10. There is some evidence that, to the extent to which
resources are mobile inter-regionally, for many industries the degree of
regional specialisation is related to absolute disadvantage, rather than
advantage. We must therefore reject the hypothesis that the pattern of
regional specialisation is determined by absolute advantage, as reflected
in unit labour costs.

A major defect of the analysis would appear to be the level of

aggregation of the industry groups. Rank correlation coefficients were

1. Alternatively, it is possible to test the Heckscher-Ohlin hypothesis
within the context of inter-regional mobility of resources. Cor-
relation coefficients could be computed between the ELQ's and regional
wage rates within each industry. We would expect to find, if the
Heckscher-Ohlin theorem were correct, that the coefficient would be
positive for capital intensive industries and negative for labour
intensive industries.
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Table 2.10

Rank Correlation Coefficients between EIQs and Unit Labour Costs
by Industry; 1958 and 1963

Industry 1958 1963
III +.,227 +.298
Iv +.405 +.041
v +.314 -.048

| VI +.064 -e 525%
| VII -.308 -.500
VIII -.104 +.348

IX -.357 -.636%

x -.295 -.634%

XI +.257 +, 831 *
XIT +,032 - 5T0¥*
XIII -55T% | =.551
XIVv -.057 -.250
XV -.388 -.020
XvI -.066 4 S2T*




computed for absolute unit labour costs using the 'across rows' method

for twenty-four minor industry groups in 1963. Without detailed know-
ledge of all groups it is difficult to perform the regional (i.e. the
'down columns') test in a dis-aggregated form. The results are reported
in Table 2.11. The conclusions drawn previously from the aggregative
data are not contradicted. Of the twenty-four correlation coefficients
derived, only two are significantly different from zero at the 5 per cent
level, one positive and one negative.l

An alternative test of the effects of the high level of aggregation
is to compare, where possible, the coefficient obtained for the aggregate
(i.e. Order 1evel), with the coefficients of the MLH industries which
comprise that order. The nearest we can get to this is for 'Metal
Manufactures' (V), for 19635. The correlation at the Order level for
that industry was (p=) -0.048 (from Table 2.10). Three of the four MIH
components of that industry exhibited coefficients of (p=) -0.160
(MLE-311); 0.540 (MLE-313); and -0.020 (MIE-321/2/3).°

Whilst the high level of aggregation is a major defect of the
analysis there is some indication that the conclusions, arrived at on
the basis of SIC order data, would be sustained if a more dis-aggregated

analysis were possible.

Implications of the Results

If we accept the assumptions set out in the introduction to this

paper, then we must reject the hypothesis that efficiency wages are

1. These being MLH-489, 'General Printing, Publishing, Bookbinding etc.!,
and MLH-473, 'Bedding and Soft Furnishings', respectively.

2. Owing to data deficiencies we camnot calculate the coefficient for
the other sub-group of this industry, MLE-312,
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Table 2.11

Rank Correlation Coefficients between ELQs and Absolute Unit Labour Costs

for M.L.H. Industries: Great Britainl, 1963

Mﬁﬁ:H' Industry RCC
271(3) | General Chemicals 0.427
332 Metal-working Machine Tools 0.436
336 Contractors' Plant and Quarrying Machinery ‘-0.352
339 Misc. (Non-elec.) Machinery -0.175
341 Industrial Plant and Steelwork -0.309
349 General Mechanical Engineering 0.498
551 Scientific, Surgical and Photographic Instruments etc. | -0.212
369 Misc. Electrical Goods 0.266
381 Motor Vehicle Manufacture é 0.530
399 Misc. Metal Manufactures ; -0.318
417 Hosiery and other Knitted Goods 3 0.085
442 Men's and Boys' Tailored Outwear % 0.536
444 Overalls and Men's Shirts, Underwear, etc. § -0.558
445 Dresses, Lingerie, Infants' Wear, etc. i 0.175
450 Footwear | 0.314
463 Glass 0.015
471 Timber -0,282
472 Furniture and Upholstery 0.030
473 Bedding and Soft Furnishings -0,621%4
483 Misc., Manufactures of Paper and Board 0.257
486 Print. and Publ, of Newspapers etc. -0,506
489 General Printing, Publishing etc. 0.596%
491 Rubber -0,303
494 Toys, Games and Sports Equipment 0.109

1. Excluding Northern Ireland.
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able to account for the pattern of regional trade in the United Kingdom.
It has been demonstrated that this result is not due to an unrealistic
assumption as to the basis for trade (i.e. absolute rather than compara-
tive advantage). Were it possible, however, to argue that efficiency
wages are a good proxy for relative prices, then the implication of the
findings would be that patterns of trade and specialisation, are not
determined by relative price differences.

There seem to be two grounds upon which it can bea rgued that
efficiency wages reflect relative prices, and against the objection that
the negative results are due to other costs, particularly capital costs,
offsetting the unit labour cost differences.

Firstly, what matters is not the absolute difference in capital
cost between regions, but rather the comparative industrial rankings of
capital costs for all industries in one region compared with another.

We may expect these differences to be slight, the situation being
analagous to the argument put forward by Taussig in response to Cairne's
question of 'non-competing' groups,l although the evidence of the
variability in the elastiecity of substitution between industries,
discussed earlier, may support this objection.

Secondly, numerous studies of locational decision making support
the view that the minimisation of production costs is not accorded high
priority, in the evaluation of alternative locations, by industry
decision makers.2

It may be concluded, therefore, that if we cannot reject the

1. This is discussed in S.J. Wells, International Economics (London,
George Allen and Unwin, 1969), pp.30-33.

2. e.g. G. McCrone, Regional Policy in Britain (London, George Allen
and Unwin, 19695, Pp.169-181, and the references cited therein.
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proposition that efficiency wage differences are able to account for
differences in relative prices; then we must reconsider the proposition
that relative price differences determine the 'quantity composition' of
regional trade, and spatial patterns of resource allocation. Non-
economic, or at least non-price determined models, appear to be necessary
if we are to understand the pattern of regional specialisation and the
location of industry in the United Kingdom.

The most likely factor affecting the results is that of locational
inertia.l Colin Clark, in a slightly different context, has put the
matter this way:

"The essential concept of a free market is trial and error

« + « But can we say that this is a valid method of control

in matters where you may have to wait two centuries before

all the consequences of a decision are apparent."2

Given the element of inertia in resource allocation it would seem
desirable to examine the relationship between structural or locational

change and unit labour costs. This is the subject of the following

chapter,

1. This is the explanation adopted by Moroney and Walker, op.cit., pp.58l-3.

2. C, Clark, "Industrial Location and Economic Potential", Lloyds Bank
Review, No.82, 1966, p.2.




Appendix Table 2.A1

Proportions of Regional Manufacturing Employment by Industry Groupslz
1958

Industry N | vE | mM | Ba | sE | sw | w | w W S | NI
111 7.2| 8.6 7.2|22.3| 9.7|15.1| 6.0| 8.9| 6.3| 12.4| 14.8
Iv 14,0 5.2| 3.3| 5.5| 5.5| 2.6 1.9| 8.9| 9.8| 4.9]| 0.7
v 14,1 13,7 -7.7| 0.9] 1.9| 1.5|12.8| 3.1|30.3| 8.7]| 0.1
VI 22,6 | 17.0| 19.1| 30.7| 29.0| 20.2 | 22.8 | 19.4 | 13.3| 20.1| 11.7
VII 14.8| 1.2| 0.,0| 2.0| 2.4 5.7| 0.0 2.9 - | 9.9| -
VIII 3.0 4,8f11.9| 1.4]11.8]21.,1|18.2| T.3| - | 5.4| =~
IX 2.4| 7.1| 2.8] 1.4| 5.0/ 2.3|16.9| 3.9| 8.0| 3.6| 0.8
X 3.8| 23.3| 20.3| 2.8| 1.6| 4.2| 3.3]|22.3| 6.1 14.1] 30.6
X1 0.3| 0.7| 0.9| 1.0| 0.8/ 0.9| 0.5| 0.8 0.6/ 0.5 0.3
XII 6.6| 6.9|14.7| 10.7| 7.2| 6.8 1.9| 7.4| 4.3| 4.1 142
XIII 3.9| 3.6| 3.3| 3.9| S.2| 2.6| 7.6 3.5] 4.2] 3.0| 2.3
XIv .61 206 20 WSl BIIY A V9 R g s3] an
XV 3.2| 4.,1| 4.4| 8.5|212.5| 9.1| 2.6| 5.6| 3.2| 7.8] 3.
XVI 1.5] 22| L8] 8] 4.3 3.8] 3.61L 5.8 il 24 0.8
Tota1®>] 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100

1. Any element (eij) equals o

Ly L 100
I, 1

2. Columns might not sum exactly to 100 due to rounding errors.

3, (=) indicates data unavailable.

Source: Board of Trade, Report on the Census of Production 1963 (London,
H.M.S.0., 1970),pp.133/8-133/35.
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Appendix Table 2,A2

Proportions of Regional Manufacturing Employment by Industry Groupslz

1963
Industry N | vye | EvM | Eo [ sE | sw | wm | w| w| s|
111 7.5| 9.4| 7.1|21.4| 8.8|16.0| 6.1]10.0| 6.4|13.4] 16.6
IV 14,5 | 5.2, . 5.6] 4:5] 5.7] 2.,2}. 1.7 €8] 8.0 4.,9] 1:4
v 13.0[13.6 | 7.5| 0.7| 2.2| 1.5|12.7| 2.9]30.6| 7.4| 0.2
VI 24.6|17.9 | 21.4 | 30.1 | 30.9 | 22.4| 21.2 | 16.1| 22.6| 14.8| 22.3
VII 10.3| 0.9| 0.3 17| 2.0| 5.2] 02| 23] - | 68| -
VIII 2.4| 4.6| 8.8 7.8|10.9|18.2|18.1| 9.2] - | s5.2| -
IX 2.5| 7.4| 3.8| 2.1 5.4| 2.3|16.9| 4.2| 6.6 3.7| 1.3
X 4.9]21.5(20.5| 2.1| 1.3 | 4.2| 2.8|16.9| 6.2]|14.3|27.7
XI 0.4 0.7| 0.8 0.7| 0.8] 0.9| 0.5| 0.7| 0.5| 0.5| 0.4
XTI 7.3 | 6.4|13.1| 8.7 6.2| 5.8| 1.8| 7.1| 4.0| 4.1]14.1
XIIT 5.8 3.6| 3.4| 4.2| 3.1| 3.1| 7.0| 3.6| 3.7| 3.0| 2.9
XIV 2.9| 3.0| 2.6| 4.3| 5.0| 4.1| 1.8| 2.3| 2.3| 3.1| 2.6
XV 3.6 4.3| 4.4| 8.7|12.6| 9.5| 2.7| 6.6| 3.6| 8.6| 3.7
VI 2.9 1.5| 2.8| 2.8| 4.9| 4.5| 4.1| 4.4| 4.7| 2.5| 1.2
Tota1®>? | 100| 100| 100| 100| 100| 100| 100| 100{ 100| 100| 100
5
1. Any element (eij) equals e ='i£1 X ;%g

2. Due to rounding errors some columns may not sum to exactly 100.

3, (=) indicates data unavailable.

Source:

Board of trade, op.cit.

J




Proportions of Industry Work Force, by Regionlz 1958

Appendix Table 2.A3

iﬁ;?s' N | YE | EM | EA | SE | SW | WM | MW W S | NI | Total
11T 4.1 9.7| 5.3| 3.9|28.1| 7.0| 8.8|15.8| 2.3|11.5| 3.5| 100
v 12.9| 9.6| 4.0| 1.6|26.2| 1.9| 4.6|25.8| 5.7| 7.4| 0.3| 100
v 10.1|19.7| 7.2| 0.2| 6.9| 0.9|23.8| 7.0]|13.9|10.3| 0.0| 100
VI 5.3| 8.0| 5.9| 2.3|35.2| 3.9|13.9|14.5| 2.0| 7.8| 1.2| 100
VII |22.0| 3.6| 0.1| 0.9|18,5| 7.0 0.2|13.6| - |24.4| - | 100
VIII | 1.6| 5.0 8.1| 0.2|31.6| 9.1|24.6|12.0 - | 4.6| - | 100
X 2,1|12.3| 3.1| 0.4|22.1| 1.6|37.8|10.8| 4.4| 5.1| 0.3| 100
X 1.8|22.4|12,7| 0.4| 3.8| 1.7| 4.1|33.8| 1.9|11.2( 6.2| 100
XI 2.4|10.5| 8.5| 2.4|31.8| 5.5|10.1|18.2| 2.9| 6.6| 1.1| 100
XII 5.1(10.6 | 14.9| 2.8|28.5| 4.3| 3.7|18.0| 2.1| 5.3| 4.6| 100
X | 5.3| 9.6| 5.8| 1.6|22.2| 2.9|26.2|14.8] 3.6 6.7| 1.3| 100
XIv 4.2| 8.5| 5.7| 2.8|41.9| 5.6 8.0|10.8| 2.7| 83| 1.5| 100
XV 2.4| 6.2| 4.3| 2.0|48.6| 5.7| 5.1[13.5| 1.5| 9.7| 1.0| 100
XVI 2.4| 4,0| 3.8| 1.2|36.5| 4.9|15.3|20.5| 4.3| 6.5| 0.5| 100

L, .
1., Any element (xij) equals xij ='£?l X ;%Q

Sources

Board of Trade, op.cit.




Appendix Table 2.A4

Proportions of Industry Work Force, by Regionlz 1963

Indus-

try N YH EM EA SE SW WM NwW W S NI | Total

III 3.9 10,2 5.2| 4.4]25.9| T.4| 9.0| 16.7| 2.4|11.3| 3.7| 100

Iv 12.8| 9.7| 4.4| 1.6 |28.6| 1.7| 4.3|24.2| 5.1 7.0f 0.5( 100

v 9.0|19.6| 7.2| 0.2| 8.5| 0.9]|24.8| 6.4|15.1| 8.2| 0.1| 100
VI 5.1 7.7| 6. 2.4|35.8| 4.1|13.7| 14.0| 2.4| 7.8] 1.3| 100
VII | 19.8| 3.5| 0.2| 1.3|22.0| 8.9| 1.0|14.4| - |21.6| - | 100
VIII | 1.2| 4.8| 6.1| 1.5|30.6| 8.0|25.4| 14.8] - | 4.1| - | 100
IX 1.9/ 12.0| 4.1| 0.6[23.4| 1.6[37.1| 10.5| 3.7, 4.6/ 0.4| 100
X 2.5|23.4|14.9| 0.4| 3.9| 1.9| 4.2|28.3 2.3; 12,1 6.1| 100
XI 2.4|10.2| 8.4| 2.2(34.1| 5.7| 9.5|16.5 2.8! 6.5| 1.2| 100

XII 5.8 10.7| 14.5| 2.7|27.T| 4.0| 4.1 18.1| 2.3 | 5.3| 4.8| 100
XIII 4.9 9.6| 6.1| 2.1|22.,6| 3.5| 25.4| 14.7| 3.4| 6.2| 1.6| 100
X1V 4.3 95| 5.5| 2.5|142.3 | 5.5| T.7| 11.2| 2.5| T.4| 1.7 100
XV | 2.5| 6.1| 4.2 2.3|47.8| 5.7| 5.1|14.3| 1.7| 9.4| 1l.1| 100

XVI BiB| 4,015 58] .46, 6.2 15,21 18,61. 441 5.3 0.7 100

!
™ t.t"
E

1. Any element (xij) equals xij

Source: Board of Trade, op.cit.



Proportions of Total U.K. Manufacturing Employment within each

g

Appendix Table 2.A5

Region: 1958 and 1963.1

Region 1958 1963
N 5.3 5.0
YH 10.5 10.3
EM 6.9 6.9
BA 1.6 1.9
SE RT8 27.9
SW 4.3 4.4
WM 13.6 14.0
W 16.6 15.9
LJ 3.3 3.5
5 8.7 8.0
NI 2.2 2.1
UK 100.0 100.0

1., Element equals =-;J . 1%9

Source:

Board of Trade, op.cit., Table 21.




Appendix Table 2.A6

Proportions of Total U.K. Manufacturing Emplogment within each
Industry: 1958 and 1963.

1. Element equals

Source:

Industry 1958 1963
I1I 9.5 9.3
v 5.6 5.7
A T.2 T3
VI 24.1 22.3
VII 2.6 3.5
VIII 10.0 10.1
IX 6.4 6.1
X 9.5 10.9
XI 0.7 0.7
XII 6.2 6.8
XIII 9 3.9
Xiv 3.3 Jad
Xv T3 T+0
XV1 3.8 D2
U.X. 100.0 100.0

_ 4 100
L o

Board of Trade, op.cit.
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Appendix Table 2.A7

Employment Location Quotientsl: 19582

Industry| N YH| EM| EA| SE| SW| WM| NN | W S NI

II1 76| 91| 76| 235|102 |159| 63| 94| 66| 131 | 156
v 250 | 93| 59| 98| 98| 46| 34|159|175| 88| 13
v 196 | 190|107 | 13| 26| 21|178| 43|421|121| 1
VI 94| T1{ 791127 120| 84| 95| 80| 55| 83| 49
VII 569 46| O 76| 92 219§ 0|112| - |380| =-
VIII 30| 48| 119| 14| 118 2115 18| 73| - | 54| -
X 38| 111] 44| 28| 78 36. 264 | 61| 125| 56| 13
X 401 245|213 | 29| 17| 44| 35| 235| 64| 148 322
XI | 43|100| 129|143 | 114|128| 71| 114| 8| T1| 43
XII 106 | 111 237 | 189 | 116| 110 31 119| 69| 66| 227
X111 100| 92| 85| 100| 82 671 195, 90| 108| 77| 59
XIV 79| 79| 8| 170|154 127 58| 64| 79| 94| 67
xv 44| 56| 60| 116 | 171| 125| 36| 77| 44| 107| 42
XVI 39| 32| 47| 61|113| 95| 95|103| 108| 63| 21

L i
| 214 // i| 100
) ELQij &= l:Lj / _L :] X _l

25 (-) indicates data unavailable.

Source: Calculated from data presented in Tables 2.A1-2.A6.
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Appendix Table 2,A8

Employment Location Quotientslz 19632

Industry| N YH| EM| EA| SE SW | WM NW| W S NI
III 78 99 75 | 232 93 | 168 64 | 105 69| 141 | 176
IV 256 | 94| 64| 841103| 39| 31|152| 146 88| 24
v 180 (190|104 | 11| 30| 20| 177! 40| 431|103| 5
VI 102 | 75| 88126 |128| 93| 98| 88| 69| 9% | 62
VII 396 | 34| 3| 68| 79|202| 7| 91| - [270| -
VIII 24| 47| 88} 779|110 182|181 9| - | 51| -
IX 38 |117| 59| 32| 84| 36|265| 66| 106 58| 19
X 50| 227|215 | 21| 14| 43| 30(178| 66| 151|290
XI 58 | 99| 121 | 116 |122|130| 68|104| 80| 81| 57
XI11 116 | 104 [ 210 {142 | 99| 91| 29| 114| 66| 66| 229
XIII 98| 93| 88 |111| 81| 80|181| 92| 97| 78| 76
XIV 86! 90| 80|132|152| 125| 55| 70| 71| 93| 81
XV 50| 59| 61]121|171|129| 36| 90| 49| 118| 52
XVI 76 | 38| 75| 74 |130| 118|109 | 117 | 126 | 66 | 33

L.. /L.
_|4d /i, 190
= L. / *

e ELQi T 1

J

2. (=) indicates data unavailable.

Source: Calculated from data presented in Tables 2.A1-2.A6.
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Appendix Table 2.A9

Estimates of Capital-Labour Ratioi in U.K. Manufacturing Industries:
1960

Industry Rati02
IIT 1.8
IV 5.6
\ 2.4
VI 1.0
VII 0.7
VIII 1.5
IX 1,0
X 2.0
XI ; |

0.5
XII )
XL 1.2
XIV 0.7
XV 1.6
XVI 1.2

1. Source: G. Pyatt, op.cit., p.23 and 27.

2. Ratio equals value of capital in 1954 prices (£'000's) per employee.
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Appendix Table 2.A10

Indices of Comparative Net Output per Employee: 19581

Industry | N f 5 EM 1 EA| SE SU‘ WM NW| W S NI
3111 84| 8 |110| 84| 106 |116| 98| 101| 83| 105| 88
IV 114 | 91| 78| 8 | 105| 80| 81| 106| 86| 92| 80
N 102 | 98(101| 62(102| 73| 91) 93| 129| 93| 41
VI 104 | 100 99100 100| 95| 95| 102 100| 1053 | 77
VII 113 | 102 | 162 | 112| 9| 89| 98| 109| - 94 =
VIII 65| 95| 90| 317|109| 95| 107| 8| = 87| =
IX 95| 95(112| 138|116 | 89| 92| 99| 96| 102| 91
X 105|111 (107 | 93| 119|135| 114 | 88| 211 94| 69
XI 9% | 94|120| 78| 105|113| 75| 96| 110| 101 | 84
X11 91| 88| 108| 100| 119| 98| 102| 90| 88| 88| T2
XIII 951|111 | 102| 107|119 90| 74 |115| 100| 101 | 86
XIv 92| 88| 89| 94113 | 88| 95| 92| T5| 88| 94
XV 89| e7| 1| e9|110| 9| 86| 95| 95| e8| 75
XVI 85| 8 |107| 67| 96| 142|102 | 103 | 102| 93| 58

1. Element ==|:1;]"(-)i'j//1:_'(‘)i.T x 100
15/ ¥y
where NO = Net Output
L = Employment

Source: Board of Trade, op.cit., pp.133/8-133/35.
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Appendix Table 2,A11

Indices of Comparative Net Output per Employee: 19631

Industry| N | YH| EM| EA| SE { SW| WM| NW| W | S | NI
111 85| 87|107| 98 1013 107 96101 92| 113| 97
1V 112 82§ 75| 112|105 63| 78 107| 82| 99| 122
v 91| 95| 106| 92100 &8 97 | 92§ 18, 97| 92
VI 92| 95 107| s&4|105 98 % 92% 113 99| 92
VII % 99| 95| 126| 87 107§ 00| 164 111| - | 91| -
virr 69| 82 69 110 18 97| 101 89| - | 96| -
X 93% 97 | 107 | 120 111 102| 95| 94| 9% | 98| 86
X | 175 104, 97| 103 115% 157 | 117 | 83| 201| 92| 77
XI 91109 111 91|107|125| 71| 93|103| 91| 65
X1 |101| 88|107 92|112|122| 94| 94| a1| 90| T
XIIT | 99|104|105 109|119| 90| 76| 112|100 100| 93
XTV 95| 95| 95| 96|110| 87| 95| 94| 86| 90| 89
XV 85| 84| 82| 93| 112| e8| 83| 94| 107| 87| 73
XVI 95| 88| 90| 8| 98|120|109| 101| 99| 98| 58

1. Element ={:

0 5 /N0

100

i3/ M

2. Source: Board of Trade, op.cit,,

pp. 133/8-133/35.




Appendix Table 2,A12

Indices of Comparative Unit Labour Cost: 19581

Industry| N | Y | EM| BA| SE| sw| wM| wi| w | S | NI
I1I 105 110| 93| 120|103| 90| 105| 98| 110| 90| 103
v 95| 103 | 110| 115| 93| 118 118| 98| 120 105| 78
v 100| 104 98| 80| 102|138 107|102] 89 100| 182
VI 98| 97 100| 95| 100| 98| 105| 97| 92| 97| 111
VII 90 100 65| 84| 106 106 | 97 94' - {103 -
vIIn | 154 93% 108| 54| 98| 103 | 97 106% - 1106 -
IX 102 1oz§ 117 85| 91| 107|103 | 102 105 97| 78
X 9| 95| 98 103| 95|105|102| 111 64| 98| 108
XI 109 | 105| 89| 138| 100| 92| 100| 98| 89| 97| 117
XII | 102 | 105|102 | 109| 95| 103 | 89| 103 | 108} 109 | 105
XIII | 110| 95| 97| 114| 95|110|112| 93| 100| 97| 88
XIv 100 105|105 97| 100|103 | 98| 102| 117| 103 | 71
XV 93| 100| 97| 98| 100|102 | 102 | 103| 95| 102 | 91
XVI 935|108 8| 95|102| 75|105|100| 92| 107| 97

1. Element = [:‘1:31 ) //;B} X 1(1)0

13/ i

where W = Wage and Salary Bill.

2., Source: Board of Trade, op.cit., pp. 133/8—133/35.
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Appendix Table 2.A13

Indices of Comparative Unit Labour Cost: 19631

Industry|{ N | Y | EM| BA| SE| SW| WM| NW| W [ S | NI
111 108 105 | 92} 103|108| 97!103| 95| 100| 8| 95
Iv 97! 114 111| 94| 94| 117! 126| 97| 129 100| 86
v 102 104| 95| 98] 104| 114 | 102| 104| 9| 93| 88
VI f 109§ 100{ 95| 107| 96| 98| 105|109| 84| 104| 93
VII 99| 103 68| 103| 97| 99| 79| 93| - |[105| -
VIII 127| 107{ 127| 76| 92| 103 | 103|105 - | 95| -
IX 102 102| 94| 85| 96| 94| 104 | 106 | 104 | 100 | 96
X 64| 100 102 | 94| 96| T2| 98| 117| 68| 98] 104
XI 111 98| 102| 93| 94| 911|111 107| 98} 106 | 148
XII 93| 107| 105| 108| 97| 90| 97 102| 90| 102 | 107
X111 102| 100| 96| 106| 94| 107 | 111| 98| 100| 100| 9%
XIV 102 | 100| 98| 100| 98| 107 | 98| 98| 105| 102| 97
XV 102 | 104| 100| 104 | 98| 106 | 106 | 104 | 85| 102 | 102
XVI 90| 98| 106| 96| 98| 88|100| 104| 94| 106 | 121

1. Element = E\%ﬂ— /—gg—] p 3 ;%Q
13/ i

Source: Board of Trade, op.cit., pp. 133/8-133/35.
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Chapter Three
Relative Costs as a Determinant of Changes in the

Pattern of Regional Specialisation and Industrial
Location e

Whereas the previous chapter attempted to examine possible explana-
tions of specialisation and location patterns at a point in time, the
present chapter takes as its subject matter, the association between unit
labour costs and the observed alterations in patterns of specialisation
and industrial location, over the period 1958 to 1963.

It has already been demonstrated that there was little association
between comparative labour productivities and unit labour costs, and the
observed pattern of regional specialisation and industrial location in
the years 1958 and 1963. It has also been shown that the 're-allocation
component' of the total change in the degree of association (between
regional specialisation and comparative unit labour costs) over the period,
was not only relatively unimportant as a determinant of the magnitude of
the total change, but also tended to move in an unfavourable direction in
some regions.

The evidence of the preceding chapter, however, referred to the
existing pattern of specialisation and location. This would reflect
decisions made in past periods - in the light of prices, factor avail-
ability and technology, then ruling, or as expected to rule. In contrast
to this, the determinants of resource allocation, and the 'decision rules'
or economic models which explain allocation, refer to a 'planning function'
(or 'book of blue-prints') which lists only the 'best practice' decisions
in each current period.1 In an examination of the spatial structure of

industry as it exists at the present, we are really contemplating the

1. J.A.S. Schumpeter, History of Economic Analysis (London, George Allen
and Unwin, 1954), pp.1026-1053.




- Y

fossilised history of the regions. There is thus a clear analogy between
models of locational structure and change, and the vintage approach to the
study of economic growth. The viewpoint embodied within such models is
best revealed in the following quotation from W.E.G. Salter (one of the
pioneers of the vintage approach to economic growth); "An economy in the
process of growth is, so to speak, sandwiched between its past history
and its expected future. From the past it has inherited a capital stock,
the physical form of which reflects past investment and technique
decisions. From the future expectations are thrown back about new
techniques, variations in factor prices and new demand conditions. And,
in the present itself, new technical knowledge, new savings and perhaps
new labour, are available to be incorporated into the economy."l

Leaving aside the consideration of static efficiency at any point
in time, it is reasonable that any test of the relationship between
relative costs and resource allocation should refer to current allocative
decisions, rather than to the total existing resource 'mix‘.2 In an
attempt to remove the influence of 'history', this chapter investigates
the relationship between current labour costs and the pattern of resource
re-allocation, together with the assignment of 'new' resources. This
should provide a more appropriate vehicle for the test of hypotheses
pertinent to locational decision making.

Cordderable attention will be given, in this chapter, to alternative

measures of structural and locational change. Accordingly, the hypothesis;

l. W.E.G. Salter, 'Productivity Growth and Accumulation as Historical
Processes', in E.A.G. Robinson (ed.), Problems in Economic Development
(London, Macmillan, 1965), p.266f.

2. V.R, Fuchs, 'Statistical Explanations of the Relative Shift of
Manufacturing Among Regions of the United States', Regional Science
Association Papers and Proceedings, Vol.VIII, 1962, p.105.
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that differences in unit labour costs accurately reflect relative price
differences, will be accepted. The task of the chapter is to consider
if any association can be found between various measures of the pattern
of locational change within industries, or specialisation changes within
regions, and the observed pattern of unit labour costs.

Any study of these relationships cannot neglect the role of expect-
ations and time lags in decision making. Allocation decisions, to the
extent that they reflect relative prices and costs, are based upon
expected economic conditions as much as, if not more than, existing or
past economic conditions. Since we cannot observe 'expected' economic
conditions this presents a problem. One solution would be to accept an
'extrapolative-expectations' model, which implies that recent experience
ig a dominating factor in shaping expectations as to the future. it
this hypothesis were acceptable, it would then be valid to consider
locational change as somehow related to economic conditions as they
presented themselves in the base period. In this case, base-period
costs would be used as a proxy for expected cost relationships, and we
could reasonably test for the existence of a relationship between struc-
tural change over the period 1958 to 1963 and cost conditions prevailing
in 1958 (the earliest year for which comparable data on labour costs is
available). The existence, and length, of the time lags between market
signals, arriving at a decision and the eventuality of the decision,
negates the use of this hypothesis. To the extent that a relationship
may be established between observed market conditions and structural
change, the time lag is of considerable importance. Experience with
industrial movement has led the Board of Trade to indicate that the lag

is likely to be in excess of one or two years.l Data on industrial

1. Board of Trade, The Movement of Manufacturing Industry in the United
Kingdom 1945-65 (London, H.M.S.0., 1968), p,13.
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building area approved, and completed, also supports this conclusion in
that there appears to be a lag of 12 to 18 months between peaks and troughs
in the 'approvals' series and peaks and troughs in 'completions'.1 This
would imply that allocation changes in any period are related, via extra-
polated expectations, to economic condi tions experienced some three to
four years prior to the observed structural change. Since the data on
structural change at our disposal refers to the period 1958 to 1963, the
gbove discussion indicates that the relevant economic conditions would be
those prevailing in the period 1954 to 1959. Unfortunately the earliest
comparable cost data which is available, refers to the year 1958; a
period which is too late to justify the use of an extrapolated expectations
model.

The only reasonable alternative is to assume that current cost
conditions, in 1958 and 1963, accurately reflect the conditions which
were expected to prevail in those years. In other words, we will reverse
the expectations hypothesis and assume that expectations, as represented
by cost conditions prevailing after the decision is made, were fulfilled.

The relatively short time period, namely five years, which the study
encompasses and the highly aggregative nature of the industries considered,
are dictated by the availability of data for consistent region and industry
definitions, and the operation of the 'disclosure rule' by the Board of
Trade.2

An additional problem is that the relevant costs to be considered,

1. Data on industrial building area approved and completed may be obtained
from Central Statistical Office, Monthly Digest of Statistics (Londoen,
H.M.S.0.)

2. Data is not reported where the information disclosed would refer to
an individual enterprise. Board of Trade, Report on the Census of
Production 1963 (London, H.M.S.0., 1968), Part 1, 'Introductory Notes',
P.6.
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in a study of structural and locational change, should be those costs
facing new firms, rather than the average cost conditions of established
firms, Consequently, it will be assumed that the existing cost ratios
for all established firms, within an industry, adequately reflect the

cost ratios of marginal plants, Strictly speaking it is not necessary,
in order to obtain this result, to assume that 'marginal' plants possess
cost curves which are identical to established plants within each industry
and region, but only that the difference between the two is in the same
proportion between industries and regions; such that the relative
rankings of cost ratios are preserved,

It is the aim of this chapter, bearing in mind the data limitations
and assumptions outlined above, to examine the patterns of structural and
locational change over the period., Hopefully, it is in the study of
allocative change that an adequate assessment can be made of the importance
of relative costs and prices, in influencing the allocation of resources
between industries and regions. Both comparative and absolute costs are
examined, for these reflect different assumptions as to the 'specifity' of
resources, that is, whether resources are mobile between regions or between
industries within a given region. Assumptions as to'the nature of resource
mobility are likely to be crucial when structural change is being considered.

The following section will examine the degree of association between
comparative unit labour costs prevailing in 1958 and 1963, and the pattern
of structural change within the manufacturing sector of the regions, over
the intervening period. Considerable attention will be given to the

development of alternative measures of regional structural change.

Specialisation Change and Comparative Unit Labour Costs

The studies of this section are based upon the hypothesis that



i

resources are regional specific. In particular it considers the hypo-
thesis; that resources were re-allocated within each region over the
period 1958 to 1963 in the light of comparative unit labour costs as
prevailing, or as expected to prevail, at both the beginning and end of
the period.l As in the previous chapter, the degree of association
between the two variables, patterns of specialisation change and relative
unit labour costs, will be measured by the rank correlation coefficient
(Spearman's rho).

The static analysis of the previous chapter considered speciali-

sation to be measured by the employment location quotient (ELQij); i.e.

; L
BT % s
ELQij 5 /L (3.1)

where Lij = Employment in the ith industry in the jth region;

Li = Total employment in industry i;
Lj = Total employment in region j;
L = Total employment in all regions (industries).

It would seem natural, in the first instance, to consider specialisation
change as measured by the absolute change in the location quotient between
the beginning and end of the period, i.e.

If the extent and direction of re-allocation within each region is
based upon the pattern of comparative unit labour costs2 (as a proxy for

relative prices), and the pattern of re-allocation is adequately reflected

1. An alternative procedure would be to relate changes in specialisation to
changes in comparative labour costs over the period. The existence of
time lags renders this hypothesis untenable. Insofar as allocative
change is concerned, absolute differences, rather than differences in the
rate of change, in comparative costs are likely to be more important.

2. An explanation of the method of calculation of comparative unit labour
costs may be found in Chapter Two, pp. 50-2 and Tables 2.A12 and 2.A13.



in the array of first-differences in the Employment Location Quotients,

we would expect to find a positive rank correlation between the ordering

of comparative unit labour costs in the industries of each region (ranked i
from lowest to highest), and the ordering of changes in the Location

Quotient (ranked from highest to lowest).

The coefficients of rank correlation between these two measures are
presented in Table 3.1. In general the results are not inconsistent
with the hypothesis. Only four out of the twenty-two cases considered
(eleven for each year) exhibit a negative correlation, and it is only in
one of these (Yorkshire and Humberside) that the coefficient is signifi-
cantly less than zero at the 5 per cent level of significance.l All of
the remaining eighteen coefficients are positive, although in only four
of these is the coefficient significantly greater than zero.

The general tenor of the results is such that it may be concluded
that there is some evidence in favour of the hypothesis; that the re-
allocation of resources within each region, as measured by the absolute

change in the location quotients over the period, was positively

associated with the pattern of comparative unit labour costs. i
Absolute differences in Employment Location Quotients are difficult
\
to interpret in terms of rglative rates of employment growth. An
important defect of the measure is that a re-ordering, of the size of

the absolute change in location quotients, may arise simply due to a

change in the base ratio, that is, in the proportion of the national

1. This is mainly due to the region expanding its employment, relative
to other regions in industries in which it has extreme comparative
disadvantages, nemely: Food, Drink and Tobacco (III), Timber
Furniture ete. (XIV) and Other Manufacturing Industries (XVIS; and
because it is reducing its employment relatively faster than other
regions in an industry in which it has a comparative advantage,
namely Textiles (X).



Table 3.1

Rank Correlation Coefficients between Changes in Location Quotientsl
within each Region and Comparative Unit Labour Costs? 1958—19633

Region 1958 1963
N 0.193 0.315
YH -0.470* 0.183
EM 0.075 0.250
EA 0.4092% 0.198
SE 0.040 0.155
SW 0.440 0.138
WM 0.077 0.243
W -0.150 -0,065
W 0.549*% 0.718%*
S 0.501* -0.192
NI 0.227 0.102

. t+n %
1. i.e. ELQij - ELQij,

ranked from highest to lowest.
2. Ranked from lowest to highest.

3. ¥ — indicates significantly different from zero at the 5 per cent
level.

**¥ _ indicates significantly different from zero at the 1 per cent
level.




work force employed within the region. This may be demonstrated as
follows:

Totally differentiating the ELQ as defined in equation (3.1) yields;l

Y. 4 L
A 1L\ _ id.5 T g 50 ij L
AELQij"dLij Lj L, L, Lj i?i + dL L, Lj dLJ L L§j (3.3)

Consider the effect upon the magnitude of the location quotient if,

with Lij and Li

Assuming dL, . = dL;, = O
1J

held constant, L and L, are allowed to vary:

J

e

I L
i1 ij.L
AELQ, . = dL( === - a1
ij L, Iy I\ T, ?j'
dL, L
g4k . 3.4 ij (3.4)
L; "Iy Lj) I a
N e

It is clear from equation (3.4) that it is possible for the measure
of specialisation to change simply because of a change in the base ratio
(i.e. ). Furthermore the effect of this variation will differ between
the indistries within the region. Although the term inside the brackets
of equation (3.4) will adopt the same value for all the industries of a
given region, the term outside the brackets (;%J) will not. It follows
that the rankings of specialisation, and speci:lisation change, as
measured by first-differences in the Employment Location Quotient, will
not be invariant with respect to changes in the ratio of regional to
national employment; the degree of sensitivity depending upon the
proportion of each industry's employment to be found in the region.

The difficulty may be overcome by using proportionate changes in

the Location Quotient, instead of absolute changes, as the measure of

structural change.

1. Assuming that higher powers of the expansion may be neglected.
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Dividing both sides of equation (3.3) by the value of the Employ-

ment Location Quotient as defined in equation (3.1), yields;

AE an Al dL.
__Iflﬂ.=__l-.i__l+gl‘._ (3.5)
ELQij Lij Li L

A change in the base ratio (i.e.

[« N
e LB

2 E;%) will leave the rankings
of structural change unaltered, since this tegm is constant between the
industries of a given region.

Given the above discussion, it would appear that a more acceptable
test of the existence of a relationship between specialisation change
and comparative unit labour costs, would be to consider the percentage
change in location quotients as the appropriate measure of structural
change.

Rank correlation coefficients were calculated between the percentage
change in location quotients of the industries within each region (ranked
from highest to lowest), and comparative unit labour costs (ranked from
lowest to highest). These coefficients are reported in Table 3.2.

Broadly speaking the evidence in Table 3.2 is even more favourable
to the hypothesis, than the results reported in Table 3,1. With the
exception of Yorkshire and Humberside, which retains the negative
correlation coefficient for 1958 (although it is not significant), all
of the coefficients are positive. Of the twenty-two coefficients more
than one-quarter are significantly greater than zero at the 5 per cent
level of significance.

It may be concluded therefore, that there is some evidence of a

1. This is presumably what Moroney and Walker are referring to when they
indicate that ". . . the rankings [;f L.Q,§7 and the rankings of
percentage changes are . . . not affected by the change in base."

J.R. Moroney and J.M. Walker, "A Regional Test of the Heckscher-
Ohlin Hypothesis", Journal of Political Economy, Vol.74, 1966, p.583n.
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Table 3.2

Rank Correlation Coefficient between Proportionate Changes in
the Location Quotientsl within each Region and Comparative
Unit Labour? Costs : 1958-1963

Region 1958 1963
0.318 0.498*%
YH -0.341 0.150
EM 0.257 0.269
EA 0.530% 0.178
SE 0.085 0.304
SW 0.210 0.320
WM 0.506% 0,T715%*
NW 0.066 0.489*
W 0.432 0.96T**
S 0.345 0.325
NI 0.110. 0.239

1, Ranked from highest to lowest.

2. Ranked from lowest to highest.
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fairly close and positive relationship between changes in the pattern of
regional specialisation, and regional comparative advantage as measured
by comparative unit labour costs.

Given the expression for the proportionate change in the location
quotient as defined in equation (3.5), it is clear that differences in
the magnitude of this measure between the industries of a region, arise,
not because of differences in the magnitude of the relative rates
of growth of regional vis-a-vis national employment in all manufacturing,
but rather because of differences in the relative rate of expansion of
each individual industry in the region, and in all regions taken together.
In other words ranking the industries in each region according to the
magnitude of the proportionate change in the location quotient, is equiva-

lent to ranking industries according to the magnitude of the term

dLi' dLi
(-i——ﬂ1 _-i——) in equation (3.5).
i3 i

The favourable degree of association revealed earlier, between the
proportionate change in location quotients and comparative unit labour
costs, may therefore have its origins in either a close relationship
between comparative costs and the individual rates of growth in the

dL, .
region itself (i—ll), or, in a close relation between relative rates of

atd

growth (dLij _ i), and comparative unit labowr costs.
Lij I&
Table 3.3 presents rank correlation coefficients for each region,

which relate the ordering of rates of growth of employment within each

daL; .
industry in the region (Eril), and comparative unit labour costs. These
ij
coefficients may be compared with the estimates presented in Table 3.2,

which measure the degree of association between the relative rates of
dL.. dL;
growth in each industry within the region (-i—lﬂ -'i—l), and comparative
ij i
unit labour costs.



Table 3.3

Rank Correlation Coefficients between the rates of growth of
industry employment within each Regionl and Comparative Unit
Labour Costs? : 1958-1963

Region 1958 1963
N 0.275 0.270
YH -0.410 0.392
EM -0.100 0.112
EA 0.569% 0.214
SE 0.100 -0.032
SW 0.361 0.111
WM 0.140 0.325
NW -0.106 0.025
W 0.511% 0.818%*
S 0.417 -0.208
NI 0.283 0.472

1. Ranked from Highest to Lowest.

2. Ranked from Lowest to Highest.
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The majority of the coefficients presented in Table 3.3 are smaller
in magnitude than the corresponding estimates presented in Table 3.2.
The estimates in Table 3.2 may be considered to reflect 'standardised!
growth rates, in that the national rate of expansion or decline for each
industry is taken into account. The coefficients provided in Table 3.3,
however, do not allow for expansion or contraction in the national market.
A comparison of the two results indicates that the association between
comparative advantage and structural change is reflected, not only in
different rates of expansion within the region (i.e. vis-a-vis the
regional average), but also in different relative rates of expansion of
industries within the region and the industry as a whole. In other
words, the structural change which has taken place has not only taken

the form of intra-regional differences in growth rates, but also reflects

intra-industry (i.e. inter-regional) differences in growth rates. This
finding; that not only rates of industrial growth within the region, but
also differential rates of growth, are associated with the pattern of
comparative unit labour costs; is very favourable to the hypothesis.
Differential (or relative) rates of growth, as the above discussion
indicates, are highly associated with the pattern of comparative advantage
in each region. The differential rate of growth may be viewed as intro-
ducing both the influence of changing market size (as measured by the
national rate of employment growth within each industry), and the influence
of changing regional shares of that market (as measured by the difference
between regional and national rates of growth within a given industry).
It must be recognised however, that by itself the differential rate of

dL, dL
i

growth (i.e. Er-j'— i-i ) is an inadequate measure of structural change.
ij i

It is unsatisfactory, in that two industries within a region may be

experiencing the same rate of growth, yet, because of differences in their
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absolute size, they may be making vastly different claims upon the
amount of resources which are available within the region. The larger
the proportion of the regional work force in any industry, the greater
will be the re-allocation (or assignment) of regional manpower resources,
for any given rate of industrial growth. We are thus led to consider
structural change as measured, not simply by relative rates of growth
but, by the weighted relative rate of growth; in other words, the
relative rate of growth, weighted by the proportion of regional employ-
ment engaged in that activity in the base year.

The weighted relative rate of growth for any industry (i) in a
region (j), thus becomes;

WRG, . o (S (3.6)

This measure has a great deal of affinity with the differential or rate
component in a 'shift/share' model. It is of some interest to enquire
further into this relationship.

Shift-share models adopt, as their starting point, a definitional
relationship involving three terms; the national rate of growth, the
rate of growth in an industry within the region, and the rate of growth

of the industry in all regions taken together, i.e.

dLi._dLi.+i&_g+dLi_ii_Ii ik
i i gt B 3 »
1] ij i i

Rearrangement of the above terms yields;

dLi' b dLi L 4 dLi' A dLi R
Lis L \L, L : M L, .
ij i i3 - 8

The last term on the R.H.S. of equation (3.8) is the unweighted

relative rate of growth referred to earlier in the discussion on the
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percentage growth in the location quotient.l

Multiplying through, by the proportion of employment in region j
engaged in industry i, and summing over industries yields;
(3.9)

L; L,

; Li',dLi‘ ; Li',dL ~ § Li' dLi 4L z Li' dLi' dLi

i . 2d | _ 3 .S ) i 2 _ & + :L'——'1 S —

. L. L L. L. L L. L. . L
> | ij J 3 i J i3 1

Db
Notice that, since the sum of the weights E%l is unity and %L) is
J

a constant, the second term on the L.H.S. may be written as;

Note also that;

a_ ol
L ~il\L L.
i
and similarly;
L dL; . aL.
Eftd o Zd} o —d
i\L. Ii; - L,
J 1J J

aL _ar) _: dL, . E.Eii dL, . ) dL,) (3.10)
3 L] il il e .« 7
J - i3

This is the basic shift-share equation as used by Perloff and
associate52 (although they deal with absolute differences rather than

rates of growth), and A.P. Thirlwa11,3

amongst others.
The term within the brackets on the L.H.S. of equation (3.1

measures the difference between the regional and national rates of

1. See over, p.87.

2. H.S. Perloff, E.S. Dunn, E.E. Lampart and R.F. Muth, Regions, Resources
and Economic Growth (Baltimore, John Hopkins Press, 1960), p.7ln.

3. AP, Thirlwall, "A Measure of the 'Proper Distribution of Industry'",
0xford Economic Papers, Vol.1l9, 1967, pp.46-58.
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growth in manufacturing employment, and represents, in terms of growth
rates rather than absolute differences, the 'total shift'. The first
term on the R.H.S. is a measure of the influence of industrial structure,
and is variously titled the ‘'mix', or 'composition', effect. The last
term on the R.H.S. represents the effect of different rates of growth
for individual industries and is known as the 'differential shift', or
alternatively the 'rate', or '‘competitiveness', component.l

Regional employment may grow rapidly, relative to the nation, as a
result of two forces. Firstly, it may specialise in industries which
are expanding rapidly in the nation as a whole. Secondly, the region's
'share' of individual industries may be increasing, as its rate of

growth in these industries exceeds the corresponding national growth

dLi dLi '
rate (i.e. ET_J >'i——). It is this last term which is of particular
i3 i

interest at this point, since what may be called the 'differential

LA Lj Lij Li
is the sum of the individual 'differential components' for each industry

g gy ALy, 4Ly
shift component' for the region (i.e. DSC, = > —= [—=l - —=) which

in the region) is identical to the sum of the 'weighted relative rate of
growth! terms for the region (equation (3.6) above).
Perloff and his associates claim that; "The differential effect

arises out of the fact that some regions gain, over time, a differential

1. It must be emphasised that the measures of the components as charac-
terised in equation (3.10) represent only one of a number of possible
methods of decomposition. The discussion immediately following does
provide some grounds for regarding the expression for the 'rate
component' in equation (3.10) as having some basis in theory. The
measurement of the 'composition component' and the possible inclusion
of an interaction term, whilst important in another context, is
immaterial to the present discussion. For a discussion of these
issues the reader is referred to: N.J. Cunningham, "A Note on the
'Proper Distribution of Industry'", Oxford Economic Papers, Veol.21,
1969, pp.l22-127, and A.P. Thirlwall, "Weighting Systems and Regional
Analysis: A Reply to Mr. Cunningham", Oxford Economic Papers, Vol.2l,
1969, pp.128-133.
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advantage (vis-8-vis other regions) in their access to important markets
and inputs for each of one or more specific activities".l Later they
explain that ". . . when we speak of access . . . we refer . . . to all
the cost elements inherent in the production of the commodity".2 Other
authors3 also indicate that the differential effect is a reflection of
'locational advantage! for the region.

An examination of the degree of association between the differential
components within the region and the pattern of comparative unit labour
costs is therefore of particular interest. Such an examination facili-
tates a test of the hypothesis; that the differential, or 'rate', effect,
as measured in a shift-share framework, does indeed reflect 'competitive-
ness' - and as such may be interpreted as an indicator of regional
advantage or disadvantage in location.

Alternatively the differential shift component may be viewed as a
measure of structural change, and simply interpreted as the 'weighted
relative rate of growth' for each industry in the region.

To the extent that the 'differential shift component' for each
industry reflects comparative advantages, we would expect to find a
positive correlation between the differential shift component (or the
weighted relative rate of growth), calculated for each industry in the
region (ranked from highest to lowest), and comparative unit labour
costs (ranked from lowest to highest).

The actual values of the differential component, for each industry

1. H.S. Perloff, et al, op.cit., p.T74.
2, Ibid., p.8T7.

3. For example, G. McCrone, Regional Policy in Britain (London, George

Allen and Unwin, 1969), Ch,VII.
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in each region, over the period 1958 to 1963, are set out in the
Appendix (Table 3.A2) to this chapter. The rank correlation coef-
ficients between these components and the pattern of comparative
advantage, in each region, are reported in Table 3.4.

There is some evidence that the differential component and thus
resource re-allocation as measured by the weighted relative rate of
growth, does reflect the pattern of regional comparative advantage.
Four of the twenty-two coefficients are significantly greater than zero
at the 5 per cent level of significance, although Yorkshire and Humber-
side still presents evidence of a negative relationship.1 There is
also some justification for the claim that the differential growth
component, of a shift-share analysis, reflects the operation of what
may loosely be termed 'competitiveness factors'. Given the exclusion
of variables such as transport costs, and also the coarseness of the
industrial classification, the relationships are quite favourable to
this hypothesis.

The following section of this paper will be concerned with an
examination of the relationship between changes in the pattern of

industrial location over the period, and absolute unit labour costs.

Locational Change and Absolute Unit Labour Costs

To the extent that resources, especially new resources and
allocative decisions, are industry or national specific (and as such

are mobile between regions), we would expect to find that allocative

1. This is largely due, not to factors associated with the Textile
Industry (X), but, to the relatively low rates of expansion (allow-
ing for the influence of size) of two industries in which unit labour
costs were very low relative to other regions, Engineering and
Electrical Goods (VI), and Vehicles (VIII).
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Table 3.4

Rank Correlation Coefficients between Industry Differential
Components in each Region— and Comparative Unit Labour Costs“:

1958-1963

Region 1958 1963
N 0.240 0.543%
YH -0.446 0.050
EM -0.057 0.142
EA 0.190 0.077
SE 0.217 0.280
SwW 0.424 0.196
WM 0.359 0.340
NW -0,012 0.500%
W 0.565* 0.669*
S 0.118 0.240
NI 0.235 0.383

1. Ranked from highest to lowest.

2. Ranked from lowest to highest.
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changes within any industry should favour those areas where absolute
unit labour costs are lowest relative to other regions.

Consider first the relationship between locational change within
each industry, as measured by the absolute difference in the Employment
Location Quotient, and the pattern of unit labour costs prevailing in
that industry in 1958 and 1963.

With first-differences in the Location Quotient ranked from highest
to lowest, and unit labour costs ranked from lowest to highest, a favour-
able relationship would be indicated by a positive rank correlation
between the variables.

The rank correlation coefficients between these two variables are
presented for each industry, in Table 3.5. Of the twenty-eight
coefficients five are negative, although not significantly so. Of the
remainder, four are significantly greater than zero at the 5 per cent
level.

It has already been demonstrated that the percentage change in the
location quotient is likely to be a more satisfactory measure of re-
allocation, than the absolute change in location quotients.l

As before, the proportionate change in the location quotient may

be expressed as

AELiQi:j ) dLij ) dLj ) dLi_+,QL (3.5)
ELQij Lij Lj Li L

Ranking the percentage change of the location quotients across
regions within an industry is equivalent to ranking the differential
rates of growth of the industry in each individual region (compared

with the rate of growth of all industries in that region), since the

1. See over, pp. 83-85.




Table 3.5

Rank Correlation Coefficients between the Change in Location
Quotientsl and absolute unit labour costs? for each Industry

1958-1963
Industry 1958 1963
IIX 0.291 0.535*
Iv 0.863%* 0.464
v 0.081 -0.135
VI -0.036 0.334
VII 0.227 0.376
VIII 0.528 0.500
IX 0.336 0.500
X 0.691* 0.723*

-0.223 -0.374

XII 0.035 0.293
XIII 0.264 0.260
XIV 0.082 0.412
XV 0,007 0.156
XVI 0.229 -0.044

1. Renked from highest to lowest.

2. Ranked from lowest to highest.
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last term on the R.H.S. of the above equation will be a constant within
any industry group. It follows, that in examining the relationship
between the proportionate change in the location quotients and absolute
advantages, a relationship is being sought between differential rates
of growth in each region and unit labour costs.

To the extent that the proportionate change in the location quotient
is an adequate measure of locational change, and that these changes are
related to the pattern of unit labour costs, we would expect to find a
positive correlation between the rate of growth in location quotients
(ranked from highest to lowest) and absolute unit labour costs (ranked
from lowest to highest).

The results of this exercise are set out in Table 3.6. Seven of
the twenty-eight coefficients are negative, although only one is
significantly so. Five coefficients are significantly greater than
Zero.

Considering the unstandardised growth rates in each region (i.e.
dL
ir%i) and their association with the rankings of unit lsbour costs,
migy of the rank correlations are found to be negative. These
coefficients are presented in Table 3.7. Over one quarter of the
coefficients are negative and only four are significantly greater than
zero at the 5 per cent level of significance. Sixteen of the twenty-
eight rank correlations are higher than their counterpart in Table 3.6.
In other words, in sixteen cases there is a higher degree of association
between the regional growth rates in each industry and absolute unit
labour costs, than is apparent between the differential growth rates of
employment and the pattern of absolute unit labour costs.

dLi]

Ordering the unadjusted rates of growth (i.e. 1 ) across regions
ij

within an industry, is equivalent to ranking regions by their performance
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Table 3.6

Rank Correlation Coefficients between Percentage Changes
in Location Quotientsl and Unit Labour Costs? for each
Industry : 1958-1963

Industry 1958 1963
II1 0.205 0.275
v 0.752%% | 0.580%
v -0.613 | -0.127
VI -0.140 0.185
VII 0.072 0.466
VIII 0.625% | 0.467
IX 0.506 0.520
X 0.650% | 0.438
X1 -0.222 | -0.417
XTI 0,072 0.140
XIII 0.260 0.215
XIv 0.223 0.338
xv 0.180 | -0.040
XVI 0.564% | -0.172

1. Ranked from highest to lowest.

2. Ranked from lowest to highest.
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Table 3.7

Rank Correlation Coefficients between rates of growth of
Employmentl and Unit Labour Costs? for each Industry :

1958-1963

Industry 1958 1963
III -0.528 0.293
v 0.512 0.960%*
v -0.485 0.023
VI -0.500 0.695*
VII 0.141 0.482
VIII 0.697*% | 0.546
IX 0.321 0.524
z -0.529 0.181
XI -0.177 | -0.265
XII -0.148 0.310
XITI | -0.014 | -0.469
XIV ; 0.661% | 0.412
XV : -0.244 | -0,150
I | 0.315 0.131

1, Ranked from highest to lowest.

2. Ranked from lowest to highest.
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relative to the national total for that industry. That is, it is

equivalent to ranking regions according to the magnitude of the relative

dL dL
rate of growth measured as <%rii --f*%> , which, as we have already seen,
ij i

is highly related to regional comparative advantages.1 The results of
this section, given that the method is unable to discriminate between

regional re-allocation and industrial re-location, are consistent wi th
the hypothesis that re-allocation was primarily regional in character,2
and related to comparative advantages as reflected in comparative unit

labour costs.

Movement Patterns and Unit Labour Costs

With regard to the decision to re-locate in another region the
basis for decision meking is relatively clear. To the extent that
location decisions reflect cost conditions, it is absolute costs,
rather than comparative costs, which are important.

An analysis of the relationships between movement patterns and
labour costs, should enable more precise conclusions to be drawn as to
the importance of unit labour costs as an element affecting locational
decisions, and also of the implications for economic efficiency of
diverting firms from central locations to sites in the peripheral areas.

As part of a research programme at the Board of Trade, into the
movement of manufacturing industry over the period 1945 to 1965,3 data
was collected (although not published) with reference to the number of

establishments and the associated employment in each industry, which

1, See over, pp.85-87.

2. Some evidence on the magnitude of intra-regional, vis-a-vis inter-
regional, labour mobility may be found in: A.J. Brown, The Framework
of Regional Economics in the United Kingdom (Cambridge, C.U.P., 1972),
p.218.

3. Board of Trade, The Movement of Manufacturing Industry in the United

Kingdom 1945-1965 (London, H.M.S.0., 1968).
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'moved' from one area to another over the period.l A 'move' is defined
in the Report as ". . . the opening of new manufacturing establishments
in new locations . . . in which the firm in question had not manufactured
previously".2 The Department of Trade and Industry have supplied data
which provides a breakdown, by industry and region of destination, of the
number of establishments3 involved in moves over the period 1960-65.

This data is summarised in the Appendix to this chapter (Table 3.A3).

The particular hypothesis to be considered here refers to the degree
of association between the regional pattern of 'destinations', within an
industry, and the ordering of regions by the magnitude of unit labour
costs in existing establishments in that industry, in 1958 and 1963,

Consider first, the pattern of movement as measured by the propor-
tion of the total number of moves in each industry destined for each

region (Mij); where,

M, .
= sehal
ij Mi
M. . = number of 'moves' in industry (i) with destinations in

1]
region (j);

Mi = total number of 'moves' in industry i.

To the extent that this is an adequate measure of the pattern of
movement within an industry, we would expect to find a positive associ-
ation between the order of 'movement proportions' (Mij)’ ranked from

highest to lowest across the regions for each industry, and the ordering

1. The data to be considered in this section includes intra-regional
moves.

2. Board of Trade, op.cit., Pp.3.

3. Unfortunately, a sufficiently detailed breakdown of 'moves' measured
in terms of employment is unavailable,
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of unit labour costs between regions, ranked from lowest to highest.
The Rank correlation coefficients between these measures are reported
in Teble 3.8.

0f the twenty-eight coefficients slightly more than one half are
negative. In addition, only two coefficients are significantly
different from zero at the 5 per cent level of significance, one positive
and one negative. Clearly there is little association between patterns
of movement, as reflected in this measure, and absolute unit labour costs.

The absence of the relation noted above may be due to deficiencies
in the measure of movement patterns, in that it does not allow explicitly
for the different 'size' of regions. A more satisfactory measure of
movement patterns may be obtained if the data is 'standardised', for the
total levels of movement to each region. That regions differ in their
ability to attract mobile establishments is evident from Table 3.9, which
presents evidence on the intensity of movement into each region, both as
a proportion of total moves over the period and relative to the number
of establishments already existing in the region. The latter term is
measured by the 'propensity to attract establishments', which standard-
ises the number of moves according to the initial 'size' of the region.

In an attempt to account for the influence of size 'movement
location quotients' were calculated. These express the regional
proportion of moves in each industry as deflated by the regional

proportion of all moves over the period.

Mi' Ei
MR, = oAl e (3.12)
i
where; Mj = Total number of establishments in all industries

moving to destinations in region j;

M = Total number of moves in the U.K.
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Table 3.8

Rank Correlation Coefficients between Regional Proportions
of total moves in each Industryl and Unit Labour costs? 3

1958 and 1963
Industry 1958 1963
3T -0.185 -0.184
IV 0.050 0.432
v -0.236 =0.377
VI 0.238 0.134
VIiI -0.517 -0.216
VIII -0.175 0.718%
IX -0.,116 -0.161
X -0.384 -0,.578%
XI -0.185 0.275
XII 0.020 0.380
XIII 0.048 0.063
XIv -0.223 -0,378
XV -0.295 0.120
XvI 0.200 0.037

1. Ranked from highest to lowest.

2. Ranked from lowest to highest.




Table 3.9

Estimates of the 'Propensity of Regions to Attract Establishments' :

1960-65

Region | 1ot Wovesl | to Attrscs2
N 6.9 2.16
YH 4.1 0.41
EM 4.4 0.68
EA T.2 3.62
SE 25.4 0.72
SW 8.6 1.92
W 6.9 0.59
W 12.3 0.90
W 7.3 2.81
s 12.8 1.76
NI 4.4 2,09

1. Proportion of total Moves =

2. Propensity to Attract Establishments = =<

M.
-
M

where Mj = No., of moves to Region j.

M = Total number of moves in the U.K.

E. = Number of establishments in the region in 1963.

J
E

Source: Table 3,9 and, Board of Trade, Report on the Census of
Production 1963, London, H.M.S.0., 1970, Part 133,

Total number of establishments in the U.K. in 1963.
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The estimates of the Movement Location Quotients are set out in the
Appendix, Table 3.A4.

To the extent that there exists a relationship between the pattern
of movement within an industry, as measured by the movement location
quotients, and the pattern of unit labour costs, we would expect to find
a positive rank correlation between the movement location quotients
(ranked from highest to lowest) and absolute unit labour costs (ranked
from lowest to highest).

The rank correlation coefficients so derived, are presented in
Table 3.10. In general there appears to be little gssociation between
the two measures. Nineteen of the twenty-eight coefficients are
negative, although none is significantly less than zero at the 5 per
cent level.

It must be concluded that there is little apparent relation between
movement patterns and unit labour costs, with the resultant loss of
efficiency which this entails.

The regional allocation of movement within any industry is likely
to be affected by government policy, a factor which has not been given
sufficient attention in the above discussion. Broadly speaking this
policy operated (between 1960 and 1966) to create a division between the
'development districts', and the rest of the country. Government
policy, although an important influence upon the decision to locate
within or outside the development districts, should be relatively neutral
in its impact on the location decision within the development districts.

Given the decision to locate within a scheduled area, which will be



- 107 -

Table 3.10

Rank Correlation Coefficient between 'Movement Location Quotients'l
(1960-65) and Unit Labour Costs2 : 1958 and 1963

Industry 1958 1963
IIT -0.182 0.201
IV 0.124 0.395
v -0.326 ~-0.354
VI -0.336 0.301
VII -0,520 | -0.221
VIII -0.374 0.503
IX -0.165 | -0.065
X -0.262 | -0.375
XI -0.475 0.240
XII1 -0.463 0.345
XIII -0,215 | -0.375
XIv 0.137 | =0.297
v -0.065 0.014
XVI -0.097 | -0.036

1. Ranked from highest to lowest.

2., Ranked from lowest to highest.




- 108 -

influenced to some extent by government policy,1 the choice of location
within the development districts should be influenced to a large extent
by cost considerations.

The remainder of this section will be concerned with repeating the
tests undertaken above, but confining attention to comparisons between
the 'development districts' (which we loosely take to include the
Northern region, Wales, Scotland, gnd Northern Irelandz), in the hope
that this will remove the influence of government policy from the
relationships between movement patterns and labour costs.

Table 3.11 reports the values of the rank correlation coefficient
between 'movement proportions' (i.e. mij) and unit labour costs, in
these four regions. Only one coefficient is significantly different
from zero, being negative.

Rank correlations between the rankings of Movement Location
Quotients and unit labour costs in the four regions are presented in
Table 3.12. The majority of the correlations are negative,

Insofar as this procedure makes allowance for the effects of
government policy upon locational choice, it is apparent that there
is little relation between the pattern of movement and unit labour
costs.

It may be that unit labour costs are a poor proxy for relative

profitability, although it might be expected that they are an important

1. Policy mainly took the form of I.D.C. control, financial assistance
and building grants. After 1963 cash grants for new plant and
machinery were also provided. TFor a discussion of policies in this
period see G. McCrone, op.cit., pp.121-136, and R. Dowie, Government
Assistance to Industry: A Review of the Legislation of the 1960s
(ashford Study Paper II, University of Kent at Canterbury, 1968).

2. Data is unavailable for the Scheduled Areas alone,




Rank Correlation Coefficients between Regional Proportions of
Total Moves in each Industryl and Absolute Unit Labour Costs

l.
2.

3.
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Table 3.11

'Development Districts' only.?

Industry 1958 1963
IIT 0.80 0.40
Iv -0,20 -0.80
v 0.25 -0.70
VI 0.80 0.20
VII .o oo
VIII oo ole
IX -0.40 -0.40
X -0.80 -1,00*
X1 oo oo
XII -0.40 0.20
XIII -0.20 -0.45
XIV -0.40 -0.40
xv -0.45 -0.65
XVI 0.00 0.80

Ranked from highest to lowest.

Ranked from lowest to highest.

indicates insufficient data.

-
’
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Table 3.12

Rank Correlation Coefficients between Movement Location Quotients1

and Absolute Unit Labour Costs? in each Industry; Development
Districts only.

Industry 1958 1963
IIT -0.80 0.40
Iv -0.80 | -0,80
v 0.25 | -0.70
VI -0.40 | 0.60
VII _— o
VIII oo ‘ oo
X -0.20 -0.20
X -0.40 -0.80
X - -
XII -0,80 0.40
XII1I -0.80 -0.85
XIV -0.40 -0.40
XV -0.45 -0.65
XVl 0.40 0.40

1. Ranked from highest to lowest.
2. Ranked from lowest to highest.

3, *° indicates insufficient data.
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decision variable to the firm, On the other hand, the low degrees of
association found in this section are consistent with the evidence of
surveys into the movement of industry, in that relative costs are
apparently given little consideration in the location decision.l

The main implication for economic growth of the discussion in both
this chapter and the previous chapter would appear to be that there
exists a great potential for productivity gains arising from intra-
regional resource re-allocation, This potential may not be exploited
without more flexible policies on the part of government, and will
probably necessitate substantial investment within the regions.

From the policy viewpoint, the main implication would apparently
encompass the need to be more selective in the operation of location
policy, or else continuing subsidisation must be seriously contemplated.
Structural change, in the light of a realistic appraisal of the viability
and growth prospects of industries must be an important aspect of regional
and national policy.

The defects of the analysis presented in this and the preceding
chapter must not be overlooked. Apart from limitations such as the
level of aggregation, and the relatively short time period, which arise
in the main from data limitations, the main reservations of the analysis
are related to three important assumptions: the assumption that relative
prices and profitability are reflected in unit labour costs; the assump-
tion that observed unit costs adequately reflect expectations as to these

costs; and the assumption that average cost conditions of existing firms

1. In particular: W.F. Luttrell, Factory Location and Industrial Movement
(London, N.I.E.I.R., 1962), Ch.V; G.C. Cameron and B.D. Clark,
Industrial Movement and the Regional Problem (Edinburgh, Oliver and
Boyd, 1966), Ch.6, and B.J. Loasby, "Making Location Policy Work",
Lloyds Bank Review, No.83, January 1967, pp.34-47.
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are 'representative' of new entrants. Similarly, many relevant factors
have been inadequately represented, demand conditions, transport costs,
externalities and especially the location of other firms. To some
extent the standardisation procedures may have compensated for some of
these factors, especially those associated with the size of the region.

Despite these defects, the methods of analysis and the conclusions
we have drawn, appear to be both reasonable, and supported by other

evidence from the surveys of industrial movement.
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Appendix 3.A1

Average Annual Rate of Growth of Employment 1958-1963

| v v [Ew | Ea|sE|sw|ww|w | W| s|N|w

iTT 0.1} 1.8] 0.2] 3.3|-0.8] 2.0| 1.4| 1.8] 1.6] 0.3| 1.7| 0.8
Iv -0.3| 0.1| 2.3| 0.0| 1.7{-2.2|-1.3|-1.1|-2.6{-1.2|14.9{-0.1
v -2.1] 0.,2| 0.2]| 0.0 4.4: 0.8 1.0{~1.5! 1.8|-4.2| 8.4| 0.2
VI 817 1.2] 248] 3.5 2.5] 2.7] 1.6] 13| 5.4] 1.4| 4.4} 2.1
VII |-7.9|/-6.4{ 0.0| 0.8/-2.6|-1.4/30.6|-4.9| - |[-8.3| - |=6.0
VIII | -4.9|{=0.4{-5.3({46.4|-0.2|-2.4| 0.9| 4.5| = |-2.0] = | 0.3
IX 0.0| 1.0| 6.9{12.9| 2.7| 0.7} 1.1 0.8(-1.6{-0.4{11.1| 1.5
X 4.,3|=-1.5| 1.0|-1.7| 2.1| 0.2|-2,1{=5.7| 2.0|-0.7|-2.3|-2.2
XI 2.9/-0.7|-0.5/-1.6| 1.2| 0.,0|-1.2|-1.9|-1.3|-0.6| 3.1|-0.3
XII 0.7(-1.2|-1.8{-2.0|-1.8{-2.6| 0.6|-1.1| 0.0|-1.2|-0.3|~-1.2
XIII |-1.3| 0.2| 1.4| 5.1} 0.6| 3.8{-0.4| 0.2|-0.7|-1.2| 4.1} 0.3
XIV 1.0/ 1.6/ 0.,0{-1.1| 0.8| 0.3| 0.0| 1.6|-0.9{-1.7| 3.0| 0.7
xv 2.1} 0.9] 0.7 4s4] 1.24° 1.6 1.6] 2.7| 4.5] 0.7 3.1] 1.5
XVl |13.7| 4.1|10.8| 8.1| 4.0( 5.1| 3.9| 2.1| 4.2| 0.4]|10.1| 4.0
Total|{ -0.6| 0.1| 0.6 3.9. 1.0/ 0.6| 1.0{-0.4| 1.6(-1.1|-0.4| 0.5

Source: Board of
(London,

Trade, Report on the

Census of Production 1963

H.M.S.0., 1970).
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Appendix 3.A2

Regional Differential Effects : by Industry
1958-1963

III —005 o09 _.04 047 -016 018 c04' 009 005 -006 .16

Iv -.03| .01 .08/ .01 .10{-,07{-.02{-.09|=-.25|-.05{( .11

VI |-.20|-.15| .13| .43 .06| .12|-.11|-.15| .44|-.14| .39

VII |-.28|-.01| .00|

VIIT [-.16|-.0|-.67| .65-.06/-.57| .11| 31| - |-.12| -
X |-.08/-.08| 17| .26 .11|-.02|~.07|-.05|-.25|-.07| .08
x | .26] .16| .65 .01| .00 .10| .00/-.78| .26| .21|-.03
XI .01{-.01f{ .00{-,01 .02{ .00 -.01;—.01 -.01f .00| .01
x11 | .13| .00|-.09|-.09|-.04| .20 .03 .01| .05| .00| .13
XIII |-.06|-.01| .04| .19| .01| .09(-.05 .00|-.13|-.05 .09
xv | .o1| .02|-.02|-.10| .01(-.02(-.01| .02|-.04|-.07| .05
XV | .02|-.05(-.04| .33|-.04| .01| .00 .03| .10/-.06| .08

XVI .15| .00| .12 ,09| .00| .04 .00|-.07| .O1|-.11| .O5

Total|-.57| .26| .33|2.26| .21 .05| .00|-.70| .72|-1.14| .95

Differential Effect for an Industry

Lia
-5 e
't (iij li)
J
Total Differential Effect
L

-E -4,

Source: Board of Trade, Report on the Census of Production 1963,
(London, H.M.S.0., 1970), Part 133.
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Appendix 3.A3

Number of Firms in each industry moving into the Regions1
1960-65.*
(i.e. No. of Cases)

N Y| EM| EA| SE| SW| WM| NW W S| NI{Total

III 4 7 4 8| 13 2 6 7 2] 18 4| 69

IV 4 2 2 8| 30 3 51 11 6 ;| J] 81
A 2 2 2 1 9 2 o T 0 6 0 30
VI 23 8! 20| 2611221 42| 15| 37| 24| 41| 17| 375
VII 0 0 0 0 2 1 0 0 0 0 Og 3

VIII 7 0 4 6 16 3 2 6 5] 12 2| 63

IX 3 5 2 6| 25| 12| 22 5| 11| 10 4| 105
X 2 6 3 2 | > 21 . A7 9 9| 12 66
XI 1 0 1 2 4 2 0 3 0 o 14

XII 4 T i 2 15 12 13 13 29 3| 113
4

XIII 8 9 ] e
XIV 5 1 1 6] 17 o ¢ | 4 4 O] 58
XV 7 o 2 g2l 5 31 10 5 3 1| 65
XVI 8 3 1| 10422 2 6| 16 5 8 4 85

Total| 81| 48| 52| 85| 300|101| 81| 145| 86| 150| 52(1181

1. Enumerated by Region of Destination.

*¥ Source: Data supplied by the Department of Trade and Industry.
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Appendix 3.A4

Movement Location Quotients 1960-65l

3 Bl v |y | mm| Ea| sE| sw| ww| w|w |s | m
111 | 0.83| 2.46 | 1.30| 1.61] 0.46 | 0.25| 1.26| 0.82| 0.30| 1.37| 1.29
IV | 0.71| 0.61| 0.57| 1.38| 1.46 | 0.43| 0.90| 1.11 | 1.01| 0.68 | 0.84
v 0.97 | 1.63 | 1.52| 0.46 | 0.39| 0.78| 2.42 | 1.89 | 0.00 | 1.57 | 0.00
VI 0.88| 0.51 | 1.20| 0.96 | 1.28| 1.30| 0.58 | 0.80| 0.88| 0.86 | 1.02
VII | 0.00| 0.00| 0.,00| 0.00{ 2.59| 3.95| 0.00| 0.00 | 0.00 | 0.00 | 0,00
VIII | 1.61| 0,00 | 1.43 | 1.32| 1.00| 0.56| 0.46| 0.77 | 1.08| 1.49 | 0.73
IX | 0.42|1.17|0.43| 0.79| 0.94 | 1.33| 3.03 | 0.39 | 1.44 | 0.75 | 0.86
X 0.43 | 2.22 | 1,02 | 0.42| 0.06 | 0.52| 0.43 | 1.93 | 1.86 | 1.07 | 4.14
XI 1,03 | 0.00 | 1,61 1,99 | 1.13 | 1.66| 0.00| 1.74 | 0.00 | 0,00 | 1.61
XII | 0.90]| 1.51|1.41| 0.38| 0.52| 1.23| 0.51| 0.93 | 1.58 | 2.02 | 0.61
XIIT | 2.23 | 1.88] 1.32| 0.53| 0.68| 1.12| 1.39| 0.93 | 0.52 | 1.36 | 0.43
XIV | 1.75|0.41| 0.38| 1.43| 1.15| 1.41| 1.49| 0.98| 0.95 | 0.54 | 0.00
XV | 1.57|1.12 | 0.71| 1.07| 1.27| 0.89| 0.67 | 1.25| 1.05 | 0.36 | 0.34
XVI | 1.36| 0.85] 0.27| 1.64| 1.02| 0.28| 1.03 | 1.54 | 0.81 | 0.74 | 1.07
M., M,
1L e =g/
Source: Calculated from the data in Table 3.A3.




Chapter Four

An Analysis of the Determinants of Productivity Growth
in the Regions of the United Kingdom: 1958-1968

In contrast to the previous chapters which were essentially 'static’,
or 'comparative statie', in character, the present chapter attempts to
examine regional economic growth. An attempt will be made to estimete,
and assess the importance of, various determinants of productivity growth
in regional manufacturing. A distinction is drawn between the effects
of capital deepening on the one hand, and what may loosely be called
'technical progress' on the other. Given this distinction, an attempt
is made to incorporate techniques developed by Johansen (and extended by
the present author) for estimating the rate of capital deepening, into
the neoclassical model., An attempt is also made to measure the
contributions of returns to scale, and resource shifts, to regional

productivity growth.

Solow's Analysis of Productivity Growth

The neoclassical approach to the determinants of productivity growth1

is so designed as to isolate two components of the growth in output per
employee, The first component refers to that portion of the growth in
labour productivity associated with an increase in the degree of capital

intensity. The second component, the remainder (or residual),2 is that

1. R.M. Solow, "Technical Change and the Aggregate Production Function",
Review of Economics and Statisties, Vol.39, 1957, pp.312-320;
J.E. Meade, A Neo-Classical Theory of Economic Growth (London, George
Allen and Unwin, Revised Edition 1962); M. Brown, On the Theory and
Measurement of Technological Change (Cambridge, C.U.P., Revised
Edition 1968).

2. ", . . some sort of measure of our ignorance . . .": M. Abramovitz,
"Resource and Output Trends in the United States since 1870", American
Economic Review: Papers and Proceedings, Vol.46, 1956, p.ll.




portion which arises from all other sources.

Solowl begins his analysis by postulating a two-factor aggregate

Cobb-Douglas production function.2 Technical progress is assumed to be

Hicks neutral3 and disembodied.
Thus,
& Br=
Yt —-AthLt

Output per unit of labour may be expressed as;

Given constant returns to scale the exponents sum to unity, which
implies that (-B) may be substituted for (=-1), as the exponent on the
labour input term in the above equation. Output per worker may there-

for be expressed as;

q =A% (4.1)
where; O " Yt/{% H
K
Ty t/ £

If we totally differentiate the above with respect to time, assuming

that the exponents are constant, we obtain:4

§ =i + Bt

Dividing both sides by Uy gives;

1. R.M. Solow, op.cit., passim,

2. P.H. Douglas, "Are There Laws of Production?", American Economic
Review, Vol.38, 1948, pp.l-41.

3. J.R. Hicks, The Theory of Wages (London, Macmillan, Second Edition
1963), pp.121-3; R.G.0. Allen, Macro-Economic Theory (London,
Macmillan, 1967), pp.236-258.

4., Where 'dots' indicate derivatives with respect to time.
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& _ i iBAxB-l
T ax® AP
which simplifies to,
or
r=a+ Bm (4.2)

where; r = rate of growth of labour productivity;

m = rate of growth of capital per worker;
a = rate of neutral technical change.

The two terms on the R.H.S. of equation (4.2) correspond to Solow's
two components of productivity growth; the contribution of capi tal
deepening (gm), and the contribution of technical progress (a).

Given the additional assumptions of profit maximisation, perfect
competition, and marginal productivity factor pricing, the elasticity
of output with respect to capital (B) will be equal in value to the
share of profits in total income. Equation (4.2) may therefore be
rewritten as,

r=a+wn (4.3)

The appearance of a parameter, B or Wi (which effectively deflates
the rate of capital deepening in order to assess the contribution of
this factor to labour productivity growth) may be rationalised in terms
of production or income relationships. As a production parameter, it
is interpreted as the proportional increase in output resulting from a
given proportional increase in the stock of capital utilised in the
productive process.l The contribution of a given increase in the

amount of capital per worker, is determined by deflating the standardised

rate of accumulation by the elasticity of output with respect to

1. Both output and capital are 'standardised' with respect to labour.
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capital (B). The parameter may also be interpreted as an income, or
distribution, coefficient, representing the weighting given to capitalist's
income in total income. If the value of property in the hands of
capitalists were to increase, the effect of this upon total income would
depend upon the proportion which capitalist's income bears to total income,
that is on the share of profits in total income (wk).

Given data on the observed values of labour productivity, the share
of capital, and the levels of capital intensity, it is possible to compute
the rate of neutral technical change as a residual,

i.e. a=r-wn (4.4)

Using data for private non-farm G.N.P. in the United States over
the period 1909-1949, together with estimates of employed capital per
worker and the profit share, Solow was able to calculate the rate of
technical change for each year (at), and was thereby able to construct
an index of the technological parameter (At). A comparison of base and
final year values for the series revealed the overwhelming importance of
technical progress as a determinant of productivity growth.

The general applicability of the method may be seen if we compute
average annual rates of growth of productivity and capital per worker
using Solow's data.l The corresponding rates of growth (% p.a.), and

the share of capital, are set out below;

r = 1.70
mn = 0,50
wk boed 0035

Using equation (4.4), the average rate of technical progress may be

1. Three year averages are used as base period and final period estimates
of output per man and capital per man, as a correction for cyclical
influences. R.M. Solow, op.cit., Table 1, p.315.
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calculated as;

= 1,70 - (0.35)(0.50)

a =
a = 1070 o 0.17
o.. a = 1.53

It appears that the increase in capital per worker contributed on

average, one-tenth of the growth in labour productivity (0'17/ = 0.10);

1.70
leaving nine-tenths of productivity growth attributable to the residual.
These proportions agree with Hogan's 'corrected’ estimates.l

Solow's analysis is particularly attractive because of its computa-
tional simplicity, and also because it may be readily interpreted in
terms of shifts in the production function, and changes in technique with
a given production function. As an analytical device it requires a
prior intellectual commitment to the concept of an aggregate (Cobb-
Douglas) production function,2 together with the usual neoclassical
assumptions with respect to factor pricing, etc. As an empirical tool
the main requirement is for data on capital per worker, which is
difficult to obtain for the U.K. as a whole, and is unobtainable at the
regional level.

The remainder of this chapter will be concerned with attempts to
ascertain the relative contributions of these two determinants of

productivity growth, given the absence of regional data on capital per

employee.

1. W.P. Hogan, "Technical Progress and the Production Function", Review
of Economics and Statisties, Vol.40, 1958, pp.407-11. B

2. A critical view of the Cobb-Douglas function may be found in:
E.H. Phelps-Brown, "The Meaning of the Fitted Cobb-Douglas Production
Function", Quarterly Journal of Economics, Vol.71, 1957, pp.546-560;
F.M. Fisher, "Aggregate Production Functions and the Explanation of
Wages: A simulation experiment", Review of Economics and Statistics,
Vol.53, 1971, pp.305-23.
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Johensen's Contribution

In 1961 Leif Johansen published a paper in which he demonstrated an
alternative method whereby Solow's two components of productivity growth
could be estimated.l Johansen's rather ingenious method is of particular
interest, since it obviates the need for estimates of the capital stock.
Whilst Johansen applied his method to cross-section data for several
industries, the approach is equally valid when applied to regional cross-
section data.2

We assume that the prevailing technology in each region (j) may be
approximated by a Cobb-Douglas production function;

Ty = AjtKththjt‘jt

Given the assumptions of constant returns to scale and Hicks neutral
technical progress, labour productivity (qj) in any period (t) is equal
to;

B
U = Ajtxjgt
Assuming that the exponents are constant over time, the ratio of

labour productivity in the final period (qjt+n)’ to labour productivity

in the base year (qjt)’ may be expressed as;

B P
qjt+g = Ajtfg x;]t+n J (4.5)
54 A4 X5t

Given constant returns to scale and that factor rewards are equal

1. L. Johansen, "A Method for Separating the Effects of Capital
Accumulation and Shifts in Production Functions upon Growth in
Labour Productivity", Economic Journal, Vol.71, 1961, pp.775-82

2. Johansen's method is discussed in: C. Kennedy and A.P. Thirlwall,
"Surveys in Applied Economics: Technical Progress", Economic Journal,
vol.82, 1972, p.30f; and G.C. Harcourt, Some Cambridge Controversies
in the Theory of Capital (Cambridge, C.U.P., 1972), pp.66-9.




to their marginal products;

3 V.tth R, K t
o« ,andsj=—j--‘i—

I Ty Toe

e

where Vj = wage rate;

R
J
After rearranging the above, we obtain,

rental per unit of Capital.

I

“i¥44 B4 4t
th IR and K.t s
it J it

Capital per worker may therefore be expressed as;

: B'wjt

LI

The ratio of final to base period capital per worker is;

“ioen _ B¥ieen/=Riven _ ¥ipen/Rieem

v By /=Ry ViR
alternatively,
1
xjt+n o +n/w t o
o PR T L VA

Substitution of equation (4.6) into (4.5) yields,

B.
Ypen  Aytenfw, ) 9
5 P 8
it it
Taking logarithms of equation (4.7) gives;

miﬁ-m4—+Mww)
95t A

(4.6)

(4.7)

(4.8)

Given the assumption that the relatlve increase in wages (w ) is

the same for all regions, and that Lg —-"— is uncorrelated with g, it

Jt

| 1. Johansen describes the term w. as ". . . the relative increase in

wages", op.cit., p.776. J
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is possible to estimate Lg w as the coefficient in the regression equation;

A
q. A

Yo% it
where, Vs = Bj (by assumption);
u = error term.

The estimate for the relative increase in wages (which is equal to
the increase in capital intensity), may be substituted into equation
(4.7), and the contributions of capital deepening and technical progress
to the growth in labour productivity, may be computed.

Johansen performed this calculation upon the basis of cross-section
data for twenty-eight industries over the period 1928-1950. His general
conclusion is that capital deepening is more important, as a determinant
of productivity growth in the U.K., than Solow's evidence for the United
States would suggest.

Two particular comments may be made upon Johansen's analysis.
Firstly, the discussion relating to the use of the 'relative increase in
wages' as a proxy for the increase in capital per man is, given data
deficiencies, redundant. It is equally valid to estimate a logarithmic

transformation of equation (4.5) directly; this then becomes:

q. A, x
Ig—mng—im+ Lg —lE8 o (4.9)
q. . X, 3
Jjt jt Jjt

Given the assumption that the increase in capital per worker is the

same in all regions, equation (4.9) may be estimated as,

q. ’N -
Lg—i2 o 3 & B, + u, (4.10)
q. i 23
jt
e
where A, = Lg t+n.
2 Xy

In the absence of data for the 'relative increase in wages', nothing
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is lost from the analysis by formulating the estimation procedure in
this manner.

Secondly, it should be noted that it is not necessary to restrict
the analysis, as Johansen does, to the case where the increase in capital
per worker is assumed to be the same in all regions. The analysis can
be generalised to encompass the case where the rate of neutral technical
progress is assumed to be constant, thus leaving the growth of capital
per employee in each region free to assume any value.

If we divide both sides of equation (4.9) by 8 5 we obtain

1 q. X A, 1
£
/ej Lg_g_ﬂ=Lg_i_.tﬂ+ 1g —LH2 /sj (¢.11)
jt jt jt
A,
Assuming that Lg _§;i£ is the same in all regions we may rewrite equation
jt
(4.11) in the form of an estimating equation:l
q. A &
Y =B o5 43, Y o+ (4.12)
B . LI 3 4 ‘8.
J A d J
N At+n
where A4 = Lg'—K—-
t

The extension of Johansen's analysis is of interest, for it not only
allows and alternative means of estimating the relative contributions of
the two sources of productivity growth, but also enables an assessment
to be made of the validity of Johansen's restrictive assumption, that the
rate of capital deepening is constant between regions. We would expect,
given the assumption that technical progress is neutral and disembodied,
that the alternative formulation as expressed in equation (4.12) is both

more in keeping with the 'spirit' of the model, and less of an injustice

1. Since both sides of the estimating equation (4.12) contain a common
variable, it is possible - in the event of measurement errors - that

the resulting estimates may be biased.



to reality, especially in an inter-regional context.1

Estimates of the components of productivity ggowth for the regions of
the U.K,

It has been shown that given the assumptions of; constant returns
to scale, Hicks neutral technical progress, and a unitary elasticity of
substitution, it is possible to derive two alternative estimating
equations for the determinants of productivity growth, both of which
obviate the need for capital data.

One equation (that proposed by Johansen), assumes that the increase
in capital intensity is the same in all regions. This 'deepening

constant' equation may be estimated as

q. A -
L DR ui) Ry (4.10)
q. 1 A
jt
where qjt = real output per employee in region j, at time t;
Bj = elasticity of output with respect to capital in
region Jj;
o xt+n
)‘2 = estimate of Lg 3
=
Al = regression constant;
u = error term.,

A second equation, which assumes that the rate of neutral technical

progress is constant between regions, may be estimated as;

1. In terms of the 'econometrics' of the analysis, assuming that the
rate of capital deepening is constant (), in equation 4,10), when
it is really a variable, will lead to bias. Similarly, assuming
that the rate of technical progress is constant (A, in equation 4.11)
when it is variable, will also introduce bias. Weé would expect,
given the assumed nature of technical progress, that the bias
resulting in the second case (A4 constant) will be less than the
former (Az constant).
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q
i jt+n A &2
IS = + + .
/BJ g " X+ 2y /Bj u (4.12)
» At+n
where A4 = estimate of Lg 1 3
y

-~

A3 = regression constant.
An attempt was made to estimate the regression coefficients (Az and
A4), using data referring to the total manufacturing sector of each

region in the U.K., for the years 1958 and 1968.1

Description of the Measures Used

The elasticity of output with respect to capital for each region
(Bj)' is assumed to be equal to the share of non-wage income in net

output within each region. Thus;

where W? = total wage and salary payments in the manufacturing

industries of region j in 1963;2
Y? = net output in manufacturing industries in each region

in 1963, valued at current prices.

The increase in labour productivity in each region is calculated as
the ratio between the value of net output per employee in manufacturing
in 1968, and the value of net output per employee in manufacturing in
each region in 1958. Since regional price indices are unavailable, all

data are expressed in terms of current prices. Thus, instead of the

Q.
increase in real labour productivity C-Jgtg), the data refers to the
jt

1. Data and Sources are presented in the Appendix Table 4.Al.

2. 1963 was chosen as this was the middle year of the period over which
we have comparable data on Labour Productivity.



q,. 2

(—JEEE), where the 'm'
Jjt

superscript indicates that the variable is measured in money, not real

increase in the money value of output per worker

terms.

Thus, equation (4.10), for example, is estimated as;
q.tm - -
Le =142 =22 42w .+ u (4,10m)
qjt 1 2 'kj

whereas the 'true' estimating equation should be,

q. q. B B, . .
lg jt+n - Tg it;n - Lg §t+n =1, + X, wkj & %
95 it jt
alternatively,
qjtﬂh i N Pjt+n
Lg =X, +A, W, .+ Lg + u (4.10)
qj% 1 2 'kj Pjt

where Pj = price index of regional output.
The 'true' estimating equation (4.10), may be rewritten in terms of

deviation from means (indicated by square brackets) as;

m

q. - P,
Lg _JE%E = Ay | F Lg-—%zig +]u
93¢ ! jt

Multiplying through by'[ﬁki] and summing over the observations gives:

2
m
z q E 3 P, b
: jt+n e : jttn . [—
jlls qjt wkj £ A2 J wkj + j| Lg Pjt ij + jlu L?kj

Dividing through by'[%kj 2, and rearranging (assuming that the error

term is a random variable) yields;

L qjtﬁn W D) Pjt+n W
L m kj jl Lg kJj
- qjt Pjt

e ["s] i [*ui] i
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It will be seen that the first term on the R.H.S. of the above equation

is equal in value to the estimate (Ag) in equation (4.10m). It follows

that;
Pjt+n
J Le P, i
“m - Jjt
A2 = x2 + 3 >
[: ki]
l? will therefore be an unbiased estimate of x2, provided either that

Lg E%Eig is constant (i.e. the rate of inflation is the same in all
regiogz) or, that there is no correlation between the rate of price
increase and the share of capital across regions. Whilst the latter
seems most likely, it will be convenient at a later stage, to use the
assumption that the rate of change in prices is the same in all regions,

This might just as well be assumed from the outset.l By an analogous

m . . . I
is also an unbiagsed estimate of A, in

argument it will be seen that A4 4

equation (4.12).

The estimates

When the estimating equation (4.10m) was fitted to regional cross-
section data for the period 1958-1968, the result was not in accord with
a priori expectations.,

The equation as estimated was;

m
q.
Lg —‘3%2 = 1.068 - 0.755 wy ;. R = 0.032. 2°
it

1, This assumption, whilst sufficient, is not necessary in the interests
of devising unbiased estimates. It does, however, enable the
analysis to be carried further at a later stage.

2. Figures in parenthesis refer to standard errors. Superscripts are:
* o~ gignificant at 5 per cent confidence level.
*¥*% - gignificant at 1 per cent confidence level.




- 130 -

x
t+n

t
only insignificant but also of the wrong sign. Taking antilogs. of the

The regression coefficient (i.e. the estimate of Lg ) is not

X
t+n

t
implies that capital per worker declined at a rate of (-)8.10% per annum

coefficient yields an estimated value of of 0,461, This, ia turn,
over the period.1

An inspection of a scatter diagram and the residuals from the above
equation, revealed that two observations lay well above, and three well
below, the hypothetical regression line. If we accept the production
function approach, as providing a meaningful interpretation of events,
we are faced with two alternative explanations of this result. We could
reject the assumption that the rate of capital deepening was the same in
all regions, and accept that in two régions it was much greater, and in
three regions much lower, than in the remainder. This would involve
the rejection of equation (4.10) as a valid estimating equation. Alter-
natively, we could argue that the growth in capital per worker was the
same in all regions, but that the rate of neutral technical progress
differed greatly between regions. In this event, equation (4.10),
whilst substantially valid, will yield biased estimates. We will, as
did Johansen,2 tentatively accept the validity of equation (4.10), and
assume that the poor fit is due to dissimilar rates of neutral technical

progress, rather than differences in the rate of capital deepening.

1. Since k, = kt(1+m)n, the rate of capital deepening (m) is calculated
as
n
m = ;+n -1
t

2. Johansen apparently views the dummy variables as representing the
effects of non-constant returns to scale (L. Johansen, op.cit., p.780).
If so, this contradicts his use of w, as the measure of the elasticity
of output with respect to capital, and means that the residual is no
longer simply a reflection of technical progress.




Since we lack the degrees of freedom necessary to fit separate equations

to the data, or to delete the 'nuisance' observations, equation (4.10)

was re-estimated using dummy variables.l’ :
When re-estimated, the equation was;
q m
Lg —I5 = 0.348 + 0.741 wy, - 0.125 d; + 0,211 4, (4.101)
Jt (0.392) (0.023)** (0.025)**  R? = 0.950

where d1 = a dummy variable assuming the values;
1l : for N, Y&H and W;
0 : for all other regions.
d2 = dummy variable assuming the values;
1l : for EM and NI;
2 : for all other regions.

The explanatory power of the equation is greatly enhanced, and the

coefficient on wkj’ although it remains insignificant, is now in accord

X
with a priori expectations. The estimate of Lg _iiE’ (

t
an estimated average annual rate of growth of capital per worker of

(+) 7.7%.

Since we possess data which enables us to calculate the actual

= 0.741), yields

rate of growth of labour productivity, together with the share of

capital, we can substitute these, together with the estimate for the

1. The equations were also re-estimated with the 'outlying' observations
deleted. The results, whilst not totally unsatisfactory from the
statistical point of view, were not significantly different from
those obtained with the dummy wriables.

2. On the use of dummy variables see: J. Johnston, Econometric Methods
(New York, McGray-Hill, 1963), pp.221-8; and, R.J. Wonnacott and
T.H. Wonnacott, Econometrics (New York, John Wiley and Sons, 1970),
Pp.68-77.
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rate of capital deepening, into Solow's equation;1

=8yt m. (4.3)

Given that the rate of capital deepening is the same in all regions,
the estimate of this variable, derived from equation (4.10), may be sub-
stituted into equation (4.3). It is then possible to compute the
'deepening constant' rate of neutral technical progress within each
region, as the residual in the equation;

A
ay=r, -w @ (4.4)

Estimates of the 'deepening constant' rate of technical progress
for each region are reported in Table 4.1. An inspection of the table
reveals the relative importance of capital accumulation as a source of
productivity growth. Over the period the average annual rate of growth
in labour productivity in manufacturing in the U.K. as a whole was 4.9%,
and the share of capital in 1963 was 0.47. Substituting these values,
together with the estimate of m derived from equation (4.10')2, into the
above equation (4.4) we find;

ag = 49 - (0.47)(7.7)
*ux

a‘U'K = 1.3

409 = 3-6

1. As we have already indicated, we only possess data for the rate of
growth in output per man at current prices. Given the assumption
that the rate of growth in prices is the same in all regions, the
rate of growth of real output per worker (rj) was calculated as:

m
TP. =22, = P
J J ’
where p = national rate of growth of prices.
Full details are given in the Appendix, Table 4.Al.

2. The national rate of capital deepening is a weighted sum of the
regional rates. Given that the regional rates are equal, and
that the weights sum to unity, the national rate will equal the
(constant) regional rate of capital deepening.
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Table 4.1
Estimates of 'capital deepening constant' rates of technical change.
1958-1968
Region| Tj o ki B | 2j i
N 3.8 T.7 3.8 0.0

Y&H 3.9 T.7 3.5 1.3

EM Te2 | T.7 3.5 3.7
EA 5.8 T.T 3.8 2,0
SE 4,9 T.7 3.8 1.1
SW 4.6 | T.7 3.3 1.3
WM 4.6 | ToT 33 1.3
W 5.3 Ta7 3.6 1.7
w 3.T| TaT 3.8 | =0.1
S 4.8 | T.7 3.8 1.0
NI Te2 | ToT 3.5 3.7

UK 4.9 | T.7 3.6 1.3
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This indicates that on average, neutral technical progress has accounted
for 27% of the growth in output per worker in the U.K. (0.27 = 1'3/4.9);
capital deepening having accounted for the remaining 73% of productivity
growth (3'6/4.9). These results are not unlike Johansen's, in that
they ascribe to capital accumulation a greater role as a determinant of
productivity growth, than did Solow's analysis for the United States.
Capital deepening appears more important in this study than Matthews'
analysis for U.K. manufacturing over the period 1948-1962l would suggest.
It is also greater than Nicholson's 'implied' estimate for the contri-
bution of deepening over the period 1948-1964; of 4'7%.2

It is also apparent from Table 4.1 that there is a wide variation
in the rate of neutral technical progress between regions. The calcula-
tions suggest that in Wales the production function has shifted slightly
outwards over the period, whilst for the North no discernible shift has
taken place. In the East Midlands, East Anglia, and Northern Ireland,
technical progress has proceeded at a rate well above the U.K. average.

Both of these results, the relative unimportance of technical
progress, and the widely dissimilar rates of technical advance, are in
conflict with the work of many previous writers and with a priori

expectations; given the disembodied form which technical advance is

1. Matthews estimates that capital deepening accounted for 26% of the
growth in labour productivity in manufacturing, leaving 74% to be
accounted for by the residual; R.C.0. Matthews, "Some Aspects of
Post-War Growth in the British Economy in Relation to Historical
Experience", reprinted in D,H. Aldcroft and P. Frearon (eds.),
Economic Growth in Twentieth Century Britain (Macmillan, London,
1969), p.91.

2. R.J. Nicholson, "Capital Stock, Employment and Output in British
Industry 1948-1964", Yorkshire Bulletin of Economic and Social
Research, Vol.1l8, 1966, pp.65-85; C. Kennedy and A.P. Thirlwall,
(o) .Cit., P043-
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assumed to take. It would seem reasonable therefore to question the
assumptions upon which the analysis is based, in particular the assump-
tion that the rate of capital deepening is the same in all regions.

An alternative procedure is to estimate equation (4.12), which
embodies the assumption that the rate of neutral technical progress is
the same in all regions.

The estimated values for equation (4,12) are;

m
l/ q 1
S ‘
wkj Lg qj% = -0.704 + 1.035 wkj R2 = 0.214

The regression coefficient, whilst insignificant is of the correct

xt+n

x
t
should also be noted that the explanatory power of the 'technical change

sign, unlike the initial estimate of Lg in equation (4.10). It
constant' equation (4.12), is much greater than the explanatory power of
the 'deepening constant' formulation, as estimated by equation (4.10).
The implied rate of neutral technical progress however, is +10.8% per
annum, which is too high to be considered a valid estimate of this
component of productivity growth.

An inspection of a scatter diagram and the residuals from equation
(4.12), revealed & similar situation to that confronted earlier, namely
five observations lying well of the hypothetical regression line.

Earlier we followed Johansen's lead and investigated the implications of
assuming that this was due to uneven rates of technical progress. We
will now explore the possibility that the estimate of technological
advance (;4 in equation (4.12)) is biased, due to uneven rates of capital
deepening between regions. Dummy variasbles were reintroduced to account
for this source of bias, and a modified equation (4.12') was estimated.

The equation as re-estimated is;
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m
q.
Y. Lg.—gﬁgﬂ = 0.741 + 0347 /- 0.252 4 + 0.463 4, , (4.12")
kj it (0.175)* "k (0.045)** (0.052)%% R® = 0.963

The explanatory power of equation (4.12') is greater than equation
(4.10'). This enhances the belief that the 'technical change constant!
formulation (not considered by Johansen) is more credible than the alter-
native equation, which embodies the assumption that the rate of capital
deepening is a constant between regions. This belief is strengthened
by the significance of the coefficient on the explanatory variable in
equation (4.12').

The estimate of the increase in the technological parameter (Antilog
0.347), yields an implied average annual rate of technical progress of
(+) 3.5%.

Given the actual rates of growth of labour productivity for each
region, it is possible to substitute the estimate for the (constant) rate
of technical change into Solow's equation (4.3), and to compute estimates

of the rate of growth of capital per worker as;

The resulting estimates of the rate of capital deepening, together
with the contribution of this factor to the rate of productivity growth,
are given in Table 4.2.

An examination of the estimates reveals the importance of technical
progress as a source of productivity growth. If we substitute into the
above equation values for manufacturing in the U.K. as a whole, together
with the estimate of the rate of technical progress, we find an estimated

value of the rate of capital deepening of;



Estimates of the 'technical change constant' rates
of capital deepening.

Table 4.2

1958-1968
Region | Tj 2 wkjmjl m; 2
N 3.8 3.5] 0.3 0.6
Y&H | 3.9 3.5| 0.4 0.9
EM T2 3.5 3.7 8.0
EA 5.8 3.5| 2.3 4,6
SE 4.9 3.5 1.4 2.9
SW 4,6 | 3.5]| 1l.1 2.6
WM 4,6 3.5] 1.1 2.6
NW 5.3 3.5| 1.8 3.8
W 3.7 3.5 0.8 0.4
S 4.8 3.5 1 2.7
NI 7.2 3.5 3.7 8.0
UK 4,91 3.5 1l.4 , )
lo wkjmj = rj - ‘a
r. -2
B m e e




The estimated contribution of capital deepening to national produc-

tivity growth is 1.4% p.a. (4.9 - 3.5). Using this formulation the
contribution of technical progress to productivity growth is now 72% of
the total (°*7/ 4‘9), leaving 28k to be attributed to the effects of
capital deepening., These ratios are almost identical with the relative
contributions as estimated by Matthews, for the period 1948-1962.1’ .

Whilst some of the estimates of the rate of capital deepening appear
to be very high, it should be borne in mind that some regions, particu-
larly Scotland and Northern Ireland, exhibited negative rates of growth
of employment. Other things being equal, this would tend to inflate
the rate of growth of capital per man.

Two major conclusions would seem to follow from the analysis
presented in this section.

Firstly, we may conclude that technical progress, or more correctly
the 'residual', was an important source of growth in labour productivity
in manufacturing industries in the United Kingdom, over the period 1958-
1968; saccounting for approximately seven-tenths of the total productivity
growth,

Secondly, the formulation of the model which embodies the assumption
that the rate of technical advance is constant between regions, performs
'better' than the original Johansen formulation, which was based upon
the assumption that the rate of capital deepening is a constant. This
is of more than theoretical significance, for it indicates that the

major source of differences in the rate of productivity growth between

1. See note 1, p.134., Due to the high R? these proportions are the
reverse of those mentioned earlier (ef. p.134).

2. Further evidence, in support of the estimates obtained above, will be
presented in Chapter Seven, pp.283-6.
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regions lies not in different rates of technological advance, but in
differences in the rate and effectiveness of capital accumulation
between regioms.

It follows from the above, that it is a worthwhile exercise to
investigate further some alternative measures of the rate of capital
deepening.

An approach which rests upon the definition of the elasticity of
substi tution

The elasticity of substitution (o) is defined as;
m

e —
G

Given that factors are rewarded according to the value of their

K

marginal products this can be rewritten as;

TAWAL)
%:LAf (4.13)
/) X

The numerator of equation (4.13) is, for small changes, equal to the
rate of growth of capital per worker, that is, the rate of capital
deepening (m).

The denominator of equation (4.13) may be expanded and expressed

as;
L)
4R’ _dW 4R
S g ]
R
Thus;
m
=W @ (4.14)
¥= R
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Given that the technology of the economy may be approximated by a
Cobb-Douglas production function (i.e. o = 1), equation (4.14) may be

simplified toj

(4.15)

= " s

aw dR
WR

Assuming that the rental per unit of capital is constant, i.e.
Q% = O,1 the rate of capital deepening (m) may be approximated by the
growth in wages per employee.2

Solow's equation (4.3) then becomes;

rj = aj + wkj %E (4.16)
J

3

and the rate of technical progress may be calculated as;

dw
a, =r>r —

3= T3 = Wy V. (4.17)

1. This is not to say that rentals are fixed, but rather that the increase
in rentals due to technical progress is offset by the decrease in
rentals due to capital deepening.

2. L.B. Lave, Technological Change: Its Conception and Measurement
(Englewood Cliffs, Prentice-Hall, 1966), p.27.

3. There is a further extension of this approach, which rests upon the
relationship between average and marginal products in a Cobb-Douglas
function. Marginal Product per worker may be expressed as:

oY B x=1

L = AL (4.18)
Substituting equation (4.1) into (4.18) yields:
_ X _ .
W= ST =" (4.19)

It follows from (4.19), given that the share of labour («) is constant,
that

aw dag _
¥ = g™ T (4.20)

Substitution of (4.20) into (4.17) gives an alternative expression
for the rate of neutral technical change;

a, = (1 2y

- W, . (4.21)
J kj Hj
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Consideration of the elasticity of substitution approach leads
therefore, to both an alternative estimate of the rate of capital
deepening, and also to an additional means of ascertaining the rate of

technical progress for each region.

Estimates of the rates of capital deepening and technical progress in
manufacturing industries for the regions of the U.K,, 1958-1963.

Since comparable data on wage rates in each region are unavailable
for the whole of the period 1958-1968, the application of the analysis
based upon the growth in wages will be restricted to the period 1958-
1963.

To act as a basis for comparison, we have estimated the rates of
capital deepening and the two components of productivity growth over
the period, using both equations (4.10) and (4.12).

The results derived from estimating equation (4.10") are set out
in Table 4.3. The equation as estimated was;

m
Lg gilﬁéi = 0.121 + 0.414

m )Vk

: (4.10")
151958 (0.194)¥%3  (0.008)

- 0.057 21 + 0:111 4
= 0.952

(0.014)*% R
where d3 = dummy variable, assuming the values of;
1: for N, Y&H and W,
0 ¢ for all other regions.
d, = dummy variable, assuming the value of;
L. for-NL,
0 : for all other regions.
The estimate of the increase in capital per worker (Antilog 0.414)

implies an estimated growth of capital per worker of 8.6% per annum.

1. Data and sources are detailed in the Appendix Table 4.A2.
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Table 4.3 reports the results of computing the residual for each region,
assuming that the rate of capital deepening is the same in all regions.
Equation (4.12") was also applied to the observations over the

period 1958-1963. The equation as estimated was;

m
i q. 1
/Ek. Lg—ﬂ-l-,%@2 = 0.451 + 0.104 /Gk. - 0,122 d, + 0.269 d o (4.12")
J Y958 (0.084) 3 (0.017)*% (0.020)*% &%= .973

The latter formulation, the 'technical change constant' equation,
yields more satisfactory estimates of the relative contributions of
technical progress and capital accumulation to the growth in labour
productivity (see Table 4.4). The estimated value of'%%ggg
(= Antilog 0.104) yields an estimated rate of neutral technical progress
(constant between regions), of 2.1% per annum, Table 4.4 presents the
estimated values for the rate of capital deepening in each region,
arrived at by substitution of the estimates derived from equation (4.12")
into equation (4.3).

The estimates of the rate of capital deepening, derived from the
definition of the elasticity of substitution (equations (4.15) and
(4.16)), are set out in Table 4.5, together with the associated estimates
of the residual, estimated by equation (4.17).

A comparison of Tables 4.4 and 4.5 indicates that the estimate of
the rate of capital deepening, dérived via the elasticity of substitution
approach (Column 2 of Table 4.5), typically tends to underestimate the
rate of capital deepening as determined by equation (4.12"), presented
in Column 4 of Table 4.4.l

Comparing the estimates of the rate of technical change we find

1. The square of the correlation coefficient between the two estimates
of the rate of capital deepening is (R2=), 0.405.



Estimates of the 'capital deepening constant' rates of technical

Table 4.3
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change. U.K. Regions, 1958-1963
(1) | (2] (3) |(4)
Region | T n :Ljﬁ &5 1
N 3.8 | 8.6 4.1 | -0.3
Y&H |[3.8 | 8.6 3.9 | =0.1
EM 4.2 | 8,6| 3.8 0.4
EA 5.0 | 8.6| 4.1 0.9
SE 5.0 | 8.6| 4.0 1.0
SW 5.0 | 8.6 | 4.0 1.0
WM 4.4 | 8.6 3.6 0.8
NW 4,7 | 8.6 4.0 0.7
W 3.7 | 8.6 | 4.2 | -0.5
S 4,8 | 8.6 4.0 0.8
NI 6.9 | 8.6| 3.6 3.3
UK 4,6 | 8.6 3.9 0.7
w, o
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Table 4.4

Estimates of the 'technical change constant' rates
of capital deepening. U.K. Regions, 1958-1963.

(1) {2 ] (3) | (4)

W, .m.l| m.2
W gmst | By

o>

Region | T3

N 3.8 | 2.1 1.7 3.5
Y&H 3.8 | 2.1 1.7 3.8
EM 4.2 |2.1] 2.1 4.8
EA 5.0 | 2.,1| 2.9 6.0
SE 5.0 | 2.1 ] 2.9 6.3
SwW 5.0 [ 2.1 2.9 6.3
WM 4.4 | 2.1| 2.3 5¢5
NW 4.7 | 2,1 | 2.6 5.7
W 3.T | 2.1 | 1,6 3.3
S 4,8 | 2.1 | 2.7 5.7

NI 6.9 [ 2.1| 4.8 11.4

UK 4,6 | 2,1 | 2,5 5.6
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Table 4.5

Rates of Neutral Technical Progress as determined by Equation (4.16)
U.K. Regions, 1958-1963

(1) | (2) (3) (4)
Region | T dU/Vj wkde/’Hj a :
N 3.8| 2.2 1.1 2.7
Y3H |3.8] 2.9 1.3 2.5
EM 4.2| 2.5 21 3.1
EA 5.0 3.1 1.5 3.5
SE 5.0| 3.0 1.4 3.6
SW 5.0 3.2 1.5 3.5
W 4.4 3.2 1.3 3.1
NW 4.7| 3.5 1.6 3.1
W 5.7 5.2 1.6 3.1
s 4.8| 2.7 1,3 3.5
NI | 6.9| 3.7 | 1.6 5.3
UK 4.6| 3.0 1.4 3.2
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that the estimates based upon the elasticity of substitution (Column 4
of Table 4.5) tend to overstate the rate of technical progress as deter-
mined by equation (4.10"), presented in Column 4 of Table " P

It should also be noted that, using the estimates presented 'in
Table 4.5, the relative contribution of technical progress to the
national growth in labour productivity is Q§=) 70%. This is almost
identical to the estimate made by Matthews, referred to earlier.

The Contribution of Inter-regional Resource Shifts to National
Productivity Growth

Up to now we have used the term 'technical progress' to refer to
the residual growth in labour productivity, once an allowance has been
made for the effects of capital deepening. Massell2 and others have
demonstrated that a portion of the estimated rate of technical progress
may be due to changes in the composition of output, associated with a
re-allocation of resources.

Since the national residual, estimated separately, is calculated
upon the basis of the total resources available to the nation
(independent of their distribution between regions), a comparison between
the weighted sum of the regional residuals and the national estimate, will
reveal the effects of the inter-regional movements of resources, The
weights used to derive the predicted national rate of technical change
(from the observed regional ratgs of technical change), are the propor-

tions of national output produced in each region, in the base period.

1. It appears that the elasticity of substitution approach fares much
better as a proxy for technical progress. The square of the
correlation cogfficient between the two estimates of technical
progress is (R® =) 0.883.

2., B.F. Massell, "A Disaggregated View of Technical Change", Journal
of Political Economy, Vol.69, 1961, pp.547-557.
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N
The 'predicted' national rate, (3), on the basis of the pattern of

resource allocation in the base period will therefore equal;

A .
a = 5 ?ii 4 aj (4.22)

To the extent that the observed national rate of technical change
is greater than the 'predicted' rate, this will be an indication of the

extent to which resources have 'moved' from relatively low, to

relatively high, productivity regions. The estimate of the contribution

of inter-regional resource shifts (CIRRS) is therefore;

2
CIRRS = a . - & (4.23)

This component of national productivity growth was calculated for
the period 1958-1968, using the estimates reported in Table 4,1, and
for the period 1958-1963, using the estimates reported in Tables 4.3
and 4.5. The estimates of the contribution of inter-regional resource
shifts, using base-year weights, are reported in Table 4,6.

It is apparent that over the period 1958-1968 the inter-regional
movements of resources, resulted in an increase in labour productivity
of 0.1 per cent per annum. That is, 2% of the total growth in the
productivity of labour in the U.K. may be attributed to this factor.

For the period 1958-1963 the calculations suggest a different
story; one measure suggests that inter-regional re-allocation
contributed nothing at all to the growth in labour productivity; an
alternative measure suggests that national labour productivity grew
less slowly than it otherwise might, in the absence of resource shifts.
This result, whilst it is at odds with the findings of other authors on

the subject,l is consistent with an examination of 'static' resource

1. In particular, B.F. Massell, op.cit., p.555, and R.C.0. Matthews,
[¢] ocito () pp|92—5.



Estimates of the Contribution of Inter-Regional Resource Shifts
to National Productivity Growth

3
4'

Table 4.6

1958-1968 | 1958-1963
Estimate 1
ay a3 | ag

National rate 1.5 0.7 | 3.2
A2
a 1.4 0.7 | 3.3
CIRRS 3 0.1 0.0 |-0.1
Proportional Contribution® 2% % | -2%

Subscripts refer to the table number which is the source of the

estimate,

A 1Y
a=" aj
iy,

A
CIRRS = a - &

Proportional Contribution = CI&RS
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allocation in the regions, undertaken earlier in the thesis.1

Increasing returns to Scale

The analysis undertaken in the previous sections of this chapter
did not allow for the possible influence of economies of scale. To the
extent that constant returns do not prevail, the use of the constrained
form of the Cobb-Douglas Production Function will lead to biased esti-
mates of technical progress.2 Studies of the degree of returns to scale
in U.K. manufacturing industries reveal that increasing retums apparently
rule in most industries and in the aggregate.3

The existence of increasing returns will effect the estimate of
technical progress (and indirectly the estimate of capital deepening) in
two ways; firstly it will result in an underestimate of the effect of
capital deepening, since capital's share (wk) will be an underestimate
of the elasticity of output with respect to capital (3); secondly, it

will result in an overestimate of the residual, in that part of the

residual will include the effect of economies of scale.4 Walters, in

1. Cf. Chapter Two, pp.53-56.

2. Kennedy and Thirlwell, op.cit., p.26f. Durand was apparently one of
the first to criticise the Cobb-Douglas Function along these lines;
see D, Durand, "Some Thoughts on Marginal Productivity with Special
Reference to Professor Douglas' Analysis", Journal of Political
Economy, Vol.45, 1937, pp.740-58; P.H. Douglas, op.cit., passim.

3. M.S. Feldstein, "Alternative Methods of Estimating a CES Production
Function for Britain", Economica, Vol.34, 1967, p.391f; C.F. Pratten,
BEconomies of Scale in Manufacturing Industry, Department of Applied
Economics, Occasional Paper No.28 (Cambridge, C.U.P., 1971).

4., An additional problem with the constrained Cobb-Douglas function is
that the scale of output is (formally) indeterminate. On indeterm
inacy, see M. Bronfenbrenner, 'Nec-Classical Macro-Distribution
Theory', in J. Marschal and B, Ducros (eds.), The Distribution of
National Income, I.E.A. (London, Macmillan, 1968), p.483, and
A.A. Walters, An Introduction to Econometrics (London, Macmillan,
1968), p.280f.




his study of the influence of returns to scale, found, using Solow's

data,l that the homogeneity parameter (v) was approximately 1.30.2
This implies that; "Compared to Solow's 1957 results, the effect of
neutral technical change is reduced from an annuel rate of improvement
of between 1.5 and 1.8% per annum to between 1.0 and 1.25% per e
Without detailed estimates of the production function in its
unconstrained form, any adjustment to the residuals for the presence of
economies of scale, however desirable, must be subject to error. A
case in point is Denison's work, which for no apparent reason assumes
that one-eleventh of the increase in output in the U.S. was due to
‘economies of scale.4 He relates the scale economies to total output

growth rather than to input expansion,5

and he also neglects to adjust
the 'weights' given to capital and labour for the existence of increasing
returns. Obviously, a more formal approach is desirable.

In the analysis presented in the preceding sections, the rate of

technical progress was calculated as;

Ll il S S (k - 2) - 2 (4.24)

where g = rate of growth of output;

3
]

rate of growth in capital;

P
]

rate of growth in labour.

1. R.M. Solow, op.cit., passim,

2. A.A, Walters, "A Note on Economies of Scale", Review of Economics
and Statistics, Vol.45, 1963, p.427.

3, Ibid., p.426.

4, E. Denison, The Sources of Economic Growth in the United States (New

York, Committee for Economic Development, 19625, Pp.173-81.

5. Apparently technical progress also reaps economies of scale.
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If increasing returns prevail the income shares cannot be taken as
estimates of the individual elasticities, as the sum of the elasticities
(= + 8) now exceeds unity. In this event the 'true' rate of technical
progress (a*) will equal;

a* = g -~ Bk - =2 (4.25)

Given that the sum of the elasticities is equal to the magnitude
of the homogeneity parameter (« + 8 = v), equation (4.25) may be
rewritten as;

a* = g =Bk - (v -8) 2
from which it follows that,
a* =g -B(k-2) - (4.26)

Instead of estimating the effect of capital deepening as (wk(k-g)),
as in equation (4.24), the 'true' effect of capital deepening is now
(B(x - 2)). In addition to this there is now an allowance for
increasing returns, in the form of (vn,).1

If we add and subtract both (wk(k—g)) and (2) to the R.H.S. of
equation (4.26), we find

et = (g-2) ~w(k-2) -8(k-2)+w(k-2)+2 -wm (4.27)
The first two terms on the R.H.S. of equation (4.27) correspond to the
estimate of the residual arrived at via equation (4.24). Substituting
equation (4.24) into the above and rearranging, yields;

a* =a- (B - wk)(m) +(1-v)2 (4.28)

where; m = (k - 2).

With the aid of equation (4.28), together with estimates of the

1. The intuitive explanation of this would be that 'scale' effects accrue
only to the extent that factors grow in proportion. Given that labour
is the slowest growing factor, scale effects cannot occur for growth
rates of inputs which exceed the rate at which employment is expanding.



homogeneity parameter (v) and the 'true’ elasticity of output with
respect to capital (B), it would be possible, given independent data
for the rate of deepening, to adjust the estimate of the residual for
the effects of increasing returns.

Elsewhere in the thesis we have estimated the degree of returns to
scale in U.K. manufacturing, assuming that the production function is
common to all regions, as (v=) 1.13 in 1963.1 The contribution of
returns to scale, to the growth in labour productivity (Cv), may be

calculated as;2

Cv, = (v - 1) L, = (0.13) L (4.29)

The estimates of the contribution of this factor to productivity
growth in each region, over the period 1958-1968, are reported in
Table 4.7, together with the proportion of total productivity growth
attributable to this source (PCv).

Negative contributions are found for five regions; North, Yorkshire
and Humberside, North-West, Scotland, and Northern Ireland. This is a
reflection of the decreasing returns which accrue as employment falls.
In these regions the value of the residual would be enhanced above its
estimated value, by the introduction of economies of scale. East Anglia,
which exhibited a rate of employment growth of 3.4% per anmnum over the
period, realised a rate of growth in labour productivity 0.44 percentage
points per annum over and above what might otherwise have been the case.
Overall, however, the contribution of returns to scale has been relatively

unimportant as a source of productivity growth.

1. Chapter Five, pp.191-194.

2. This follows if (1 - v)l is taken over to the L.H.S. of equation (4.28).
data on '¢' is given in the appendix to this Chapter, Table 4.A.1l.
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Table 4.7

Estimates of the Contribution of Returns to Scale to the Growth
in Labour Productivity in the Regions, 1958 to 1968

Reglon Cv : PCv
(% p.a.) | (%)
N -0.02 -0.5
Y&H ~-0,02 -0.5
EM 0.17 1.4
EA 0.44 7.6
SE 0.08 1.6
SW 0.18 3.9
WM 0.11 2.4
NW -0.12 =23
W 0.21 5.6
S -0,02 -0.4
NI -0,02 -0.2
UK 0.03 0.6

l, Cv = (v - 1)2j

e

C.
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Adjustments to the Estimates of Capital Deepening

It was demonstrated earlier that, once increasing returns are allowed,
the estimates of the contribution of capital deepening to productivity
growth will be biased, to the extent that the share of profits in income
understates the 'true' elasticity of output with respect to capital.l

If returns to scale are neutral in their effects between the factors,
it will raise the elasticity of both factors in proportion. Given that
the elasticity of substitution is unity, and 'true' technical progress
is Hicks neutral, there should be a relation between shares and output
elasticities such that the true elasticity is in the same proportion to
the homogeneity parameter, as the factor share is to unity. In other
words, the 'true' elasticity of output with respect to capital may be
estimated as;2

By = wyes(v) (4.30)

Earlier,3 it was argued that the estimates of technical progress
and capital deepening, derived from the 'progress' constant formulation
of Johansen's method (equation (4.12)), were likely to be more satis-
factory than estimates derived from the 'deepening' constant formulation
(equation (4.10)). A new 'progress' constant equation was devised
which explicitly takes account of increasing returns.

If returns to scale are not constant the Production Function takes
the form

Y, = 4.k°1° (4.31)

1. Cf. pp.l149-52 and equation (4.28).

2. In the absence of data on the 'true' elasticity this is probably the
most reasonable assumption which can be made.

3. Cf- pp.125f, 135"1390
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where: = + 8 = Vv H €
Since « = v - g8, equation (4.31) may be rewritten as;

_y wBr=B. YV
T, = axPL7P (4.32)

Output per unit of labour may therefore be expressed as;

Y
£ o IS B, V-
T = ay = A(x)"L,

ot

. (4.33)

ot

The equation for labour productivity in the final period (t+n) will
possess exactly the same form, Under the assumption that the exponents
are constant over time, an expression relatisﬁ final to base period

labour productivity can be derived;

8 v-1
TR T TOA N B TS b
RS R X L :
t t t t
A logarithmic transformation of equation (4.34) is;
. C A X %
P i 2 ) BRSO -jftl +81g [-BL) + (v-1) 1 —%i; (4.35)
i % Xy %
Rearrangement of the above yields;
q L A X
t+1 t+ t+
g (2] - - 1) 1g(—EL) = e[ ) + preg(-EHL
i t t g

Dividing both sides of the above by (8) yields the new 'progress' constant

formulation of,l

q X A
%/ t+1 v -1 Lg t+1 t+1 : 8 t+1
Lg [—= ) e et & —— = Lg[ == + / Lg | —= (4‘36)

Given that the 'true' rate of technical progress is constant between
regions, equation (4.36) may be rewritten in the form of an estimating

equations

1. This may be compared with equation (4.12) which is devised under the
assumption of constant returns to scale.
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7 = A, + A 1/ + u (4.37)
6 7 ‘B.
J
where: Z = the term on the R.H.S. of equation (4.36)
X6 = regression constant
A
A~ = estimate of Lg s+l
T At

The estimated equation (4.37), is;

Z = 0.823 + 0.238 Y/ - 0.232 dg + 0.432 dg )
(0.237) B3 (0.068)* 2 (0.058)** R® = 0.936
where: d5 =1 for N, W; and O for all other regions.
d6 = 1 for EM, NI; and O for all other regions.

The estimate of the coefficient on (1/8~) yields an estimated rate
of technical progress of (a*=) 2.42% per anngm. Table 4.8 reports the
estimated contribution of technical progress to productivity growth, in
each region over the period. Expressed as a proportion of productivity
growth in manufacturing in the U.K. as a whole over the period, technical
progress (adjusted for increasing returns to scale) appears to have .
contributed one-half of the increase in output per unit of labour.

The contribution of capital deepening to the growth in labour
productivity in each region (gjmj) may be calculated as;

g my =Ty~ 8% - (v = 1)g (4.38)

These estimates are presented in Table 4.9, together with the
proportional contribution of deepening to productivity growth. On
average, capital deepening was apparently responsible for one-half of
the increase in labour productivity over the period.

Combining the estimated contributions of returns to scale (Table
4.7), adjusted capital deepening (Table 4.9) and technical progress,
enables a comparison to be made of inter-regional difference in the

source of productivity growth. The rates of productivity growth, and



Proportional Contribution of Technical Progress (ad
increasing returns) to Regional Productivity Growth

1. Derived from estimating equation (4.37) in text.

2. PCa* = ;—"—

a¥

J

Table 4.8

Region €%§*2
N 63.6
Y&H 62.1
EM 33.6
EA 41.7
SE 49.4
SW 32.6
WM 52.6
nw 45.7
W 65.4
S 50.4
NI 33.6
UK 49.4

iusted for
y 1958-1968



Estimates of the 'True' Contribution of Capital Deepening
to Productivity Growth in U.K. Regions (Bjmj), 1958-19681

1.

2.

3.

Derived from estimating equation (4.37) in text.

Cm.
J

PCm

H Q
. B o®
-
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Table 4.9

Region n : i :
(% p.a.) | (%)

N 1.40 36.8
Y&H 1.50 | 38.5
EM 4,61 E 64.0
EA 2.94 % 5046
SE 2.40 i 49.0
SW 2.02 % 43.9
WM 2.07 | 45.0
NW 3.02 57.0
W | 1.07 28.9

2.40 50.0
NI 4,80 66.7
UK 2.45 52.0

J

T - (¥ - l)is - ag




their components, are reported in Table 4.10.

For each region the overall rate of productivity growth (rj) may
be expressed as;l

. = a¥% ., - L. »
Ty =kt BJmJ + (v - 1) 5 (4.39)

and similarly for manufacturing in the U.K. as a whole;

T = aﬁK + Bux®uk 4+ (v -1) e (4.40)
Subtraction of (4.40) from (4.39) yields an equation for regional
productivity growth rates, expressed as deviations from the national
average;

Arj = Aag + A(Bjmj) + A((v - 1) zj) (4.41)

Squaring both sides of equation (4.41) and summing over regions,
yields an expression for the 'inner product'ch productivity growth
rates of;

gAr2 = gAa%2 + §A(Bm)2 + ?A((v—l)l)z + R (4.42)

where: R includes all interaction terms and the random component.

Equation (4.42) expresses the total inter-regional variation in
productivity growth rates in terms of inter-regional differences in the
sources of productivity growth.

The estimates of these components, based upon the data reported in

Table 4.10, are presented in Table 4.11. It is apparent that inter-

regional differences in the rate, and effectiveness, of capital deepening

were the most important source of differences in the rate of productivity

growth between regions.

The adjusted rate of technical progress (a*) is, however, an

1. Derived from equation (4.27).

2, Cf. Chapter One, pp.l10-14.
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Table 4.10

The Components of Regional Productivity Growth in U.X. Regions,
1958-1968

Region a¥ B.m, (Vil)xj T

N 2042 1.4’0 -0.02 3.8

Y&H 2.42| 1.50| -0.02 3.9

EM 2.42| 4.61 0.17 7.2
EA 2.42| 2.94 0.44 5.8
SE 2.42 | 2.40 0.08 4.9
Sw 2.42| 2,02 0.18 4.6
WM 2.42 | 2.07 0.11 4.6
N 2.42| 3.,02| =0.12 5.3
W 2.42| 1.07 0.21 3.7
S 2.42 | 2.,40| -0.02 4.8

NI 2.42| 4.80| -0,02 T.2

UK 2.42 | 2.45 0.03 4.9




Decomposition of the 'Inner Product' of Productivity Growth
in the Regions,l 1958-1968

1.

2.

Table 4.11

gt s Sun of Proportion

Source of Variation Hasiares o T.S.S.C%)
ga*z 0.00° 0.0
EA(B. 2
“B(Py ) 19,19 124,7
J 2
EA(v-1)42 0.28 1.8
j L] -
Residual (Interaction) -4,08 -26.5
LA2
Loz 15.39 100.0

Excluding Resource Shifts.

Assumed to be the same in all regions.




unsatisfactory estimate of this source of productivity growth, since it

will still reflect bias due to: (i) incorrect measurement of factor
inputs;1 (ii) interaction effects which have not been made explicit;
(iii) it will also include the contribution of intra-regional resource
shifts. In the following section of this chapter an attempt will be
made to ascertain the magnitude of the latter source of regional produc-
tivity growth, and to assess its effect upon the rate of technical
progress (a*) as estimated above.

The Contribution of Intra-Regional Resource Shifts to Regional Productivity
Growth

The importance of resource shifts as a source of productivity growth
has been stressed by various writers.2 Some authors have attempted to
explain the growth 'performance' of different countries and regions
largely in terms of the potential for resource shifts, especially between

3

agriculture and manufacturing. In this section we will attempt to
evaluate the importance of inter-industry resource shifts (within the
manufacturing sector) to the productivity growth of the regions over

the period 1958 to 1968, and the sub-period 1958-1963.

1. Labour inputs are unadjusted for hours or 'quality'. Jorgensen and
Griliches claim that a large portion of the unadjusted residual may
be due to incorrect measurement of labour and capital input; see
D.W. Jorgensen and Z. Griliches, "The Explanation of Productivity
Change", Review of Economics and Statistics, Vol.34, 1967, pp.249-83.
Whether 'quality' changes should be included under the heading of
technical progress or not is a moot point; see C. Kennedy and
A.P. Thirlwall, op.cit., pp.28-42.

2., B.F, Massell, op.cit., passim; R.C.0. Matthews, op.cit., pp.92-5;
C. Kennedy and A.P. Thirlwall, op.cit., p.41f.

3. G.H. Borts and J.L. Stein, Economic Growth in a Free Market (New York,
Columbia University Press, 19645; N. Kaldor, Causes of the Slow Rate
of Economic Growth in the United Kingdom (Cambridge, C.U.P., 1966);
E.F. Denison, 'Economic Growth', in R.E. Caves (et al), Britain's
Economic Prospects (London, George Allen and Unwin, 19685, PP.231-78.
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Given estimates of technical change in each industry in each region,
it would be possible to estimate the contribution of intra-regional
resource shifts using the method proposed by Massell,1 and adopted in a
previous section of this chapter. Since these estimates are unobtain-
able it is necessary to develop and alternative method.

The relationship between the aggregate output in the region and
the output of indivwidual industries of the region is such that;

X
BRI N 2
5= iy (4.43)
Dividing both sides of equation (4.43) by (Lj)’ and multiplying by

i T
(—1%) yields;
J

Y iy nflag, By
Lj i Lj i Lij L3
: B
i.e. U=y qu..Ni.j (4.44)
> oI
. =
where: Nij ks ‘
J
Totally differentiating equation (4.44) yields (for small changes),
ey z
daj = dg; . + TN, (4.45)

Dividing both sides of equation (4.45) by qj, yields an expression for

1. B.F. Massell, op.cit., pp.547-50.
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total productivity growth of;1

dq; pday . Nio g gy sedN,
= & + - (4.4‘6)
q; i gy i g

The last term on the R.H.S. of equation (4.46) is thus an estimate
of the contribution of intra-regional resource shifts (CRS) to regional
productivity growth, and is identical to the measure expressed by
Denison.2

Estimates of the contribution of intra-regional resource shifts to
regional productivity growth over the period 1958-1963%, calculated on
this basis, are given in Table 4.12. The first column of the table
reports the estimates of the contribution of inter-industry shifts to
regional productivity growth and is equivalent (in 'per annum' terms)
to the last term on the R,H.S. of equation (4.46)., It is apparent

that in two regions (North and Wales) resource shifts were tending to

1. Since the estimates to be reported in the paper refer to a period of
five years, the total growth in productivity (r) per annum is
calculated as;

and the 'per annum' contribution of resource shifts is calculated as;

s+ M. AN,
4 Enlj iJ

CRS = % -1
J

As the contribution of resource shifts is measured applying base
period price weights (q. is the value of output per worker in the
base year), it does notarequire ad justment for price changes,
provided the estimate of total productivity growth is adjusted for
this factor. (See note 1, p.132).

2. E.F. Denison, The Sources of HEconomic Growth in the United States,
(New York, Committee for Economic Development, 1962), p.225.
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Table 4.12

Estimates of the Contribution of Intra-Regional Resource Shifts
to the Aggregate Rate of Productivity Growth in the Regionms,

1958-19631
Region (%CRSZ PCR83
p.a.) | (%)
N -0.1 -2.6
Y&H 0.2 53
EM 0.2 4.8
EA 2.6 51.8
SE 0.0 0.0
SW 0.3 6.0
WM 0.0 0.0
Nw 0.4 8.5
W -0.3 -8.1
s 0.2 4.2
NI 0.2 2.9
UK -0,1 -242

1. Manufacturing Industries Only.

ij

+ “q. ..dN
2. CRS. = b i
J ay
CRS .
3. PCRS =—;—J-
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reduce the productivity of labour (in manufacturing as a whole). In
two other regions (South East and West Midlands) resource shifts
contributed nothing (on balance) to the growth in aggregate labour
productivity. These conclusions are broadly in agreement with the
findings with respect to changing unit labour costs, referred to
earlier.l

East Anglia stands out as the region where resource shifts
contributed most to the increase in labour productivity over the period,
roughly one-half of the total increase in labour productivity being
attributeble to this source. This may almost entirely be explained by
the relatively large expansion of the region's work force in Vehicles
(s1C VIII) (from 1.4% to 7.8%) over the period.

With the exception of this region the estimated rates of technical
progress over the period (1958 to 1963) are largely unaffected.2

The analysis was repeated for the whole of the period 1958 to 1968,
using tentative estimates of the allocation of the regional manufacturing

3

work force in 1968. The estimates are marred somewhat by the change in
the classification of industries introduced in the 1968 Census,4 but this
is unavoidable.

The estimates of the contribution of intra-regional resource shifts

1. Cf. Chapter Two, pp.53-56.

2. Although if the rates of technical progress as presented in Tables
4.3 and 4.4 were accepted, this would result in a negative rate of
technical progress in Bast Anglia of -1.7 (0.9-2.6) in Table 4.3,
and -0.5 (2.1-2.6) in Table 4.5.

3. This data is reported in Board of Trade, "Area Analyses of the
Provisional Results of the Census of Production for 1968", Board of
Trade Journal, Vol.199, 1970, pp.488-496.

4. Some details of the changed classification are given in, Board of
Trade, op.cit., p.492.
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to regional productivity growth over the period 1958 to 1968 are
presented in Table 4.13. The relatively high estimate for East Anglia
is due primarily to the expansion in the Vehicles industry in that
region over the period 1958 to 1963. The high estimate for Scotland
is due mainly to the expansion in Metal Manufactures in that region
over the period. No single determinant can be cited as responsihle
for the negative contribution in the North, although the decline in
Chemicals and Allied Industries together with Shipbuilding and Marine
Engineering may largely account for this result.

The proportional contribution of resource shifts to regional
productivity growth also indicates the magnitude of the aggregation
problem, inherent in the use of aggregate production functions.l This
seems to be a minor problem with the exception of East Anglia and the
North. In all the other regions the aggregative analysis is able to
account for over ninety per cent (100% - PCRS) of productivity growth
over the period.2

Technical Progress over the Period 1958-1968 Including an Allowance for
Intra-Regional Resource Shifts.

It was noted earlier, that the estimated rates of technical progress,
even after allowance was made for increasing returns to scale (i.e. a*),
will include the effect of intra-regional resource shifts. Given the
estimates of the contribution of intra-regional resource shifts (CRS),
obtained in the preceding section, some attempt may now be made to take
these effects into account. Using the estimates for the period 1958~

1968 the rate of technical progress, adjusted for intra-regional resource

1. B.F, Massell, op.cit., p.549f.

2., 1t must be emphasised that interaction effects have been neglected.
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Table 4.13

Estimates of the Contribution of Intra-Regional Resource Shifts
to the Aggregate Rate of Productivity Growth in The Regions,
1958-19681

i crs? PCRS°
egion | (4 p.a.) (%)
N _O. 6 -15 * 8
Y&H -0.1 2.6
EM 0.5 6.9
EA 1.4 24.2
SE 0.2 4.1
SW -0.1 2.2
W 0.1 2.2
NW 0.4 7.5
W 0.1 2.7
s 0.6 12.5
NI 0.5 6.9
UK 0.1 2.0

1., Manufacturing Industries Only

n fq. + 2q. ..dN, .
2. CRS = i 3114 13
J 4

3, PCRS = BS
b
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shifts (a**), may be calculated as;
ag* = ag - CRS'j (4.47)

Table 4.14 reports the estimates of a** for the period 1958—1968.l
Table 4.15 brings together the estimates of the sources of productivity
growth in regional manufacturing over the period 1958-1968, including
the contribution of intra-regional resource shifts.

The contribution of each of the components to the differences in
productivity growth rates between regions, may be evaluated in a manner
analogous to that presented earlier.2 The total variation in produc-
tivity growth rates (expressed as squared deviations from the national
rate) may be expressed as;

I

Ar2 L 2
J

= jpax® 4 §A(8m)2 + gA((v—l)l)Z + za(cRS)® + R (4.48)
Table 4.16 reports the magnitude of the elements in equation (4.48),
and the proportional contribution of each to the total variation in
productivity growth rates. It is apparent that once deepening is
allowed for, intra-regional resource shifts are the most important source
of differences in productivity growth rates. The largest source of
differences in the rate of productivity growth between regions, even
after adjustments for returns to scale and resource shifts, remains that
of differences in the rate and effectiveness of capital accumulation.
The major determinant of the level of productivity growth in any region
appears to be the rate of technical progress. It must be stressed,
that this is likely to be an overestimate of the role of technical

progress, as the analysis is based upon a model which assumes that

1. (a*) is taken from Table 4.10 and (cnsj) is taken from Table 4.13.

2. Cf. Pp0156"‘161¢
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Table 4.14

Estimated Rates of Technical Progress, Adjusted for Resource Shifts:
U.K. Regions, 1958-1968

Region a**1 PCa**2
N 3.02 T79.5
YH 2.52 64.7
EM 1.92 26,7
EA 1,02 17.6
SE 2,22 45.3
SW 2.52 54.8
WM 2.32 50.5
NW 2,02 38.1
W 2,32 62,7
S 1,82 38.0
NI 1,92 26.7
UK 2.32 47.4

l, a¥* = a¥ - CRS'j

ax*
2. PCa** =‘;1—




Components of Productivity Growth in the Manufacturing Sector
of U.K. Regions, including Resource Shifts, 1958-1968

Table 4.15

Region axxl Bm2 (v--l)’,3 crs? T
N 5.021 1.40 -0.02 -0.6| 3.8
Y&H 2,52 | 1.50 -0,02 -0.1] 3.9
EM 1.92| 4.61 0.17 0.5 7.2
EA 1.02| 2.9 0.44 1.4 5.8
SE 2.22 2.40 0.08 0.2 4.9
SW 2.52.1 2,08 0.18 -0.1| 4.6
WM 2.32 (<. 2307 0.11 0.1]| 4.6
NW 2.02 | 3,02 -0.12 0.4 5.3
W 2.32 1 1.07 0.21 0.1 | 3T
S 1.82| 0.40 -0,02 0.6 4.8
NI 1.92| 4.80 ~0.02 0.5 7.2
UK 2.5 | . 2.49 0.03 0.1| 4.9

From Teble 4.14.

From Table 4.9.

From Table 4.7.

From Table 4,.13.
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Table 4.16

Decomposition of the 'Inner Product' of Productivity Growth in
Manufacturing Activities in the Regions, 1958-1968.

e Sum of Proportion
Source of Variation Rensred of T.5.5. (%)
zAa**2 2.93 19.0
J
2
zA(sm?_) 19.19 124.7
J
2
za(v-1)1 0.28 1.8
J
2
vACRS 2.95 19.0
J
Residual (Interaction) -9.94 -64.6
2
IAT 15.39 100,0
J




technical progress is disembodied. Once a vintage approach is adopted

(or some other model,1 perhaps including 'learning', which explicitly

recognises that part of 'technical progress' is embodied in capital

equipment), the importance of capital accumulation as a determinant,

not only of differences in, but also the level of, productivity growth,

would be enhanced.

1.

The main conclusions of this éhapter may be stated as follows;
The 'technical change constant' variant of Johansen's model appears

to provide the basis for valid estimates of the components of regional

- productivity growth, in the manufacturing sector of the U.K. economy.

2.

4.

5.

Given the above, it follows that variations in the rate and effective-
ness of capital deepening were the major sources of differences in the
rates of productivity growth between regions.

Although over the period 1958-1968 the inter-regional re-allocation of
resources and activities served to slightly increase the national rate
of productivity growth, there is some evidence to suggest that over
the sub-period 1958-1963 the inter-regional resource shifts tended to
reduce the national rate of productivity growth.

That intra-regional resource shifts are an important source of
differences in productivity growth rates, although they contributed
little to productivity growth in any one region.

That returns to scale are, in the main, unimportant as a source of levels

of, or differences in, the rate of productivity growth in the regions.

1.

For example: W.E.G. Salter, "Productivity Growth and Accumulation as
Historical Processes", in E.A.G. Robinson (ed.), Problems in Economic
Development, I.E.A. (London, Macmillan, 1965), pp.266-91; R.M. Solow,
'Investment and Technical Progress', in K.J. Arrow et al (eds.),
Mathematical Methods in the Social Sciences (Stanford, Stanford
University Press, 1960), pp.89-104; C. Kennedy and A.P. Thirlwall,
op.cit., pp.31-6.




- 174 -

Appendix Table 4.Al

Data used in the study of productivity growth in the manufacturing
sector of the regions: 1958-19681

Region qj68/q358 wkjj rjm4 rjsgq ﬂb
N | 1.80 |0.50 | 6.0 | 3.8 E 0.1
Y&H 1.81  [0.46 | 6.1 | 3.9 | -0.1
EM 2.46  [0.46 | 9.4 | 7.2 | 1.3
EA 2.6 [0.50 | 8.0 | 5.8 | 3.4
SE 1.99  [0.49 | 7.1 | 4.9 i 0.6
SW 1.93  |0.43 | 6.8 | 4.6 | 1.4
i 1.93 | 0.43 | 6.8 | 4.6 E 0.8
W 2.06 | 0.47 i 7.5 | 5.3 | =0.9
W 177 |0.50 |5.9 | 3.7 | 1.6
S 1.97 |0.49 | 7.0 | 4.8 |-0.2
NI 2.46  |0.46 | 9.4 | 7.2 |-0.1
UK 2.03 [0.47 | 7.1 | 4.9 | 0.3

1. Source: Board of Trade, Report on the Census of Production 196
(London, H.M.S.0., 1970), Part 133; "Area analyses of the
provisional results of the Census of Production for 1968",
Board of Trade Journal, Vol.199, 1970, pp.488-496.

2. Value of net output per employee in 1968, expressed as a proportion
of the value of net output per employee in 1958.

D% wk. equals unityvminus the share of wages and salaries in net output
. =1 - =d) in 1963,

W
k E
J YJ
4., Average annual rate of growth of the value of output per employee,
1958-1968.

5. Estimated rate of growth of real output per employee (rj = rjm - pj
where p = average annual rate of growth of wholesale
prices of all manufacturing products over the period 1958-1968 - for
the U.K. as a whole = 2.2% p.a.)
Source of price data: London and Cambridge Economic Service, The
British Economy Key Statistics 1900-1970 (London, Times Newspapers
Ltd., 1972), p.S8.

6. Average annual rate of growth of employment (% p.a.).
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Appendix Table 4.A2

Data used in the study of productivity growth in manufacturing

industries in each region of the U.K.: 1958-19631

n2 3 4 5| _ 6

Region rj rj dW/H? dW/Yj wkj
N 5.4 | 3.8 3.8 2.2 0.48
Y&H 5.4 3.8 4.5 2.9 0.45
EM 5.8 4.2 4.1 2.5 0.44
EA 6.6 5.0 4.7 J.1 0.48
SE 6.6 5.0 4.6 3.0 0.46
SW 6.6 | 5.0 4.8 3.2 0.46
WM 6.0 4.4 4.8 3.2 0.42
NW 6.3 | 4.7 5.1 3.5 0.46
W 5.3 3.7 4.8 3.2 0.49
S 6.4| 4.8 4.3 2.7 0.47
NI 8.5 6.9 543 - % § 0.42
UK 6.2| 4.6 4.6 3.0 0.45

Source: Board of Trade, Report on the Census of Production 1963

(London, H.M.S.0., 1970), Part 133.

Average annual rate of growth in the value of output per employee,

1958-1963.

r,=r - p; where p = average annual rate of growth of wholesale
J J prices of all manufacturing products in the U.K.
(1958-1963), p = 1.6%.

Source of price data: London and Cambridge Economic Service, The

British Economy Key Statistics 1900-1970 (London, Times Newspapers

Ltd., 1972), p.8.

Average annual rate of growth of the value of wages and salaries
paid per employee in manufacturing.

awt
aw/w, = iﬁl— - p; where p = 1.6%
3 -
J
;k' is the average of the 1958 and 1963 values for the non-wage and
salary share in net output I L _j).
kJj R

J



Chapter Five

The Elasticity of Substitution and the Degree of
Returns to Scale in U.K. Manufacturing Industries:
1958 and 1963

At various stages in the previous chapters we have had occasion to
refer to estimates of the elasticity of substitution,1 and the degree of
returns to scale,2 in U.K. manufacturing industries. In this chapter
the source and derivation of these estimates will be presented, together
with a critical evaluation of the neoclassical model on which they are
based. These estimates are not only important in the context of theories
of inter-regional trade and economic growth, but are also of some concern
to policy makers, especially insofar as they enter into the determination
of the demand for labour.3

Previous estimates of the elasticity of substitution and the degree
of returns to scale, reported by Feldstein,4 were made upon an inter-
industry basis for the years 1954, 1957 and 1960. Feldstein stated,
after a brief discussion of the deficiencies of the inter-industry
estimates, that; "Unfortunately, no cross-section intra-industry data
exist for Britain. This is a serious deficiency."5 The second section
of this chapter presents intra-industry estimates of the elasticity of
substitution, and the degree of returns to scale, in U.K. manufacturing

industries for the years 1958 and 1963. These estimates are based upon

1. Especially Chapter Two, p.46f, and Chapter Four, pp.l18-126.
2. Especially Chapter Two, pp.29-31, and Chapter Four, pp.l49-153.

3. Joan Robinson, The Economics of Imperfect Competition (Second ed.,
London, Macmillan, 1969), p.257.

4, M.S, Feldstein, "Alternative Methods of Estimating a CES Production
Function for Britain", Economica, Vol.34, 1967, pp.384-394.

5. Ibid., p.386.
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the Regional tables of the 1963 Census of Production,1 which affords the
opportunity of deriving estimates both for aggregate manufacturing as
well as for separate industries. The final section of the chapter
attempts to evaluate the validity of the estimates. This is undertaken
in the light of a recent paper by Franklin Fisher,2 in which he questions
the propriety of econometric estimation of production function parameters.
The first part of the chapter presents a brief discussion of the concept
of the elasticity of substitution together with the estimation procedures

adopted in this study.

The Elasticity of Substitution

It is possible to distinguish between two 'variants' of the elasti-
city of substitution; one the 'technical elasticity of substitution',
and the other the 'price elasticity of substitution'. The 'technical!
elasticity of substitution3 is a technological parameter which expresses
the configuration of the production surface. It is a measure of the
'shape' of an isoquant, and is thus a 'standardised' or 'unit-free'
measure of the rate of technical substitution. It (ot) magy be defined

as;

/

WD o
0, = /T (5.1)
t K/L // R

1. Board of Trade, Report on the Census of Production 1963 (London,
H.M.S.0., 1970), Part 133.

2. F.M. Fisher, "Aggregate Production Functions and the Explanation of
Wages: A Simulation Experiment", Review of Economics end Statistics,

Vol.53, 1971, pp.305-325.

%, Joan Robinson refers to this as the more fundamental definition of
the two. See J.Robinson, op.cit., p.330n; J.R. Hicks, The Theory
of Wages (Second ed., London, Macmillan, 1963), p.117.
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where: R = Marginal Rate of Technical Substitution
MPL '
M ’

w

and MPi Marginal Product of factor of production i.

It is also possible to conceive of the elasticity of substitution
as an economic, rather than a technical, parameter. In this sense the
'price' elasticity of substitution expresses the relationship between a
proportionate change in relative factor prices, and the proportionate
change in relative factor quantities utilised in the production process.
It (Op) may be defined as;

a7y A

op K W
e

(5.2)

where: W = wage rate;

r = rental per unit of capital.

Given that factors are rewarded according to their marginal products,
the values of the two elasticities (at and cp) are identical. It would
then be possible to infer the value of the (unobservable) technical elas-
ticity of substitution, from an estimate of the price elasticity of
substitution. This is not possible here however, because the necessary
capital and rental data are unavailable. An indirect methodis therefore
required if an estimate is to be obtained of the elasticity of substitution.

Arrow, Chenery, Minhas and Solow presented an alternative procedure

in 1961.1 This method makes use of an 'equivalence relation', derived

1. K.J. Arrow, H.B. Chenery, B.S. Minhas and R.M. Solow, "Capital-Labor
Substitution end Economic Efficiency", Review of Economics and
Statistics, Vol.43, 1961, pp.225-250.
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earlier by R.G.D. Allen,l whereby the value of the elasticity of sub-
stitution is shown to be equal to the ratio of the proportionate change
in output per employee (average product), to the proportionate change
in the wage rate (marginal product). This relation, and the conditions
under which it will hold, may be demonstrated as follows. We define a
'Cost or Distribution Function! as;2

Y=wlL+ 1K + g (5.3)

where: m = (Abnormal) Profit.

Assuming perfect competition and constant returns to sc&le;3 dividing

both sides by (L), yields;
Y/L =w + rK/L
or, q =W+ IX (5.4)
Expressing the total differential of (5.4) as;

dg = dw + dr.x + r.dx

It follows that;

If factors are rewarded according to their marginal products (i.e.

r = %—g)it follows from (5.5) that;

ag . Qe o
e x+dx x=0
and thus;
'd—:-:’-%i"x (5~6)

or, alternatively;

1. R.G.D. Allen, Mathematical Analysis for Economists (London, Macmillan,

2. All variables are measured in real terms.

3. i.e. abnormal profits are zero.



v YL

dw

ar =% (5.7)

Taken together, equations (5.4) and (5.7) imply that the 'Factor
Price Frontier' (FPF)} for each technique, is a straight line. While
this is a reasonable 'parable' in a world of 'jelly' capital, the
conditions under which the above equations will hold in a world of
heterogeneous capital goods are quite special; specifically, only if
each activity has the same 'organic composition' of capital.2

Given the above, together with the assumption that there are enough
different techniques to generate a smooth FPF 'envelope',3 we are now in
a position to derive the 'equivalence relation' for the elasticity of
substitution.

Assuming that the 'price!' (gp) and technical (Ot) elasticities are

equal in value, the elasticity of substitution (o) may be written as;

&)
o =%§ _EL (5.2)

The denominator or (5,2) may be expanded as follows;

LI SR S S S, SEENRES S
gy dy dr' = x rdw - wdr
W r W

and therefore;

1. As expressed in P.A. Samuelson, "Parable and Realism in Capital Theory:
The Surrogate Production Function", Review of Economic Studies, Vol.39,
1962, pp.193-206.

2. See A, Bhaduri, "On the significance of Recent Controversies on
Capital Theory: A Marxian View", Economic Journal, Vol.79, 1969,
Pp.532-9; P. Garegnani, "Heterogeneous Capital, the Production
Function and the Theory of Distribution, Review of Economic Studies,
Vol.37, 1970, pp.407-36; G.C. Harcourt, Some Cambridge Controversies
in the Theory of Capital (Cambridge, C.U.P., 1972), pp.131-149.

3. P. Garegnani, op.cit., passim.
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dx.w.Tr W.T

X.r.dw - d.w.dr dw dr (5.8)
iy , el = Xem—W
‘ dx dx
Substitution from (5.6) into the denominator of (5.8) yields;
Wel _ WX
T r.r X . G B (xor + w) Ly Ll
*Tfdx  dx’ * dx

Substitution of (5.4) into (5.9) gives;

W.T.

o= . 4w
9 3x

Since, by assumption r = %%, the above expression may be rewritten as;

_¥.dg _dq /dw

4 q.dw q / w
alternatively,
_dlgg
o= lew (5.10)

It follows from equation (5.10) that one measure of the elasticity of
substitution corresponds to the coefficient (b) in the estimating equation;
lgg=Llga+bLlgw+e (5.11)
where: ¢ = error term.
It has been demonstrated elsewherel that the relationship expressed
in equation (5.11) can be derived, under the assumptions stated above,

from a production function of the following form;

Y=y [GK"p +(1-9) L-pj —l/o (5.12)

More interesting perhaps is the corollary of the above, namely that
a production function of the same form as (5.12) may be derived by

integration, under neoclassical assumptions, from the estimating equation

(5.12.2

1. K.J. Arrow et al, op.cit., p.230.

2. Ibid., p.228.
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The estimating equation (5.11) has the particular advantages of not
requiring estimates of the capital stock, and is easily computed. The
following section of this chapter will report upon the estimates of the
elasticity of substitution arrived at by the application of equation

(5.11) to regional cross-section data for the U.K.

The Estimation Procedure

We begin this section with a discussion of the estimation problems
associated with equation (5.11). The elasticity of substitution will
be estimated by using cross-section data referring to the operations of
each industry group, in the regions of the U.K., in the years 1958 and
1963.

If the observations within any industry represent different points
on the same representative isoquant, and factor price ratios are variable
between regions, a large segment of the representative isoquant may be
revealed, There are thus two important conditions in the argument.

One condition requires that the observations reflect points of
tangency, or 'optimal' points on isoquants. It is necessary to assume
therefore, that the observations of average product and the wage are
generated by firms using optimal input combinations given ruling factor
prices. This implies that firms conform to neoclassical assumptions
as regards profit maximisation, perfect foresight, perfect competition,
the absence of 'abnormal' profits and marginal productivity factor
pricing.

The other condition entails the assumption that the observations,

as points on different isoquants, can be 'collapsed' onto a representa-
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tive isoquant, exhibiting a Constant Elasticity of Substitution.1 This
condition, that the observations can be treated 'as if' they come from
the same isoquant, is dependent upon two assumptions. Firstly, that
the production function exhibits constant returns to scale. This implies
that the average product of labour depends solely upon the capital-labour
ratio.2 Secondly, it must be assumed that the observations are taken
from different points on the same production surface. 1In other words,
that the choice of techniques facing firms in the same industry in
different regions, is identical.

It is only if these assumptions hold that it is possible to conceive
of, and measure, the elasticity of substitution for an industry using the

3

method proposed. It must be stressed, however, that the existence (or
significance) of the relationship embodied in equation (5.11) cannot
itself be construed as evidence for the existence of a production function,
or that such a function is common to all regions. Nor can it be taken as
evidence for the fulfilment of any of the assumptions of the neoclassical
model.4

It should also be noted that throughout the theoretical discussion

and derivation of equation (5.11) all variables were expressed in real

1. These are the assumptions required for estimation. The equally
restrictive assumptions required, in theory, to derive the estimating
equation itself were discussed in the first section of the chapter,

2. The consequences of dropping this assumption will be discussed in a
later section of this chapter.

3. Assuming also that two 'econometric' requirements are satisfied:
(i) that the wage rate is exogenous, and
(ii) that the wage rate does not vary systematically with
differences in the efficiency parameter (y).

4, K.J. Arrow et al, op.cit., p&B2. We will return to this point in a
later section of this chapter.



terms. Since regional price data is not available for the U.K., all of

the estimating equations presented in this chapter are expressed in

money, not real, terms.

Thus equation (5.11) is estimated as;

Le (/) =1lg a + b Lg (}) (5.13)
where: V = value added in money terms;
W = money wage bill;
L = total employment.

Whereas the 'true' estimating equation should be;

v, 1 W,1l
Lg ( /L'l;) = Lg a+b Lg (-I-;'.I? (5.11a)
where: P = regional price series.

Equation (5.11a) is equivalent to;
v W
g (/) -leP=Lga+blg (/) -bLlgP

which may be rewritten as;

Lg (V/L) =Iga+b lg ("/L) + (1-b) Lg P (5.14)
Estimating the equation in money, instead of real, terms is equiva-
lent to leaving out the last term ((1-b) Lg P) in the 'true' estimating
equation (5.14).
The extent to which our estimate of b CBl) will diverge from the
true value of b, may be expressed as follows;l
E(®,) =v+ (1- b).8,
or E(b) -b=(1-b).8,, (5.15)
where: 82.3 = simple regression coefficient of Lg (W/L) on Lg P,

Note that if the price index is identical for all regions, the

1. A.A. Walters, An Introduction to Econometrics (London, Macmillan,
1968), p.200f.
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coefficient B in equation (5.15) is equal to zero, and thus no bias

2.3
will result. To the extent that prices do vary between regions we would
expect 32.3 to be positive. It follows from equation (5.15), that if
the 'true' elasticity of substitution (b) is less than unity, the estimate
(%1) will be biased upwards. If b is greater than wnity, the estimate
(%1) will be biased downwards. As a result of neglecting the price
deflator, there is a built-in bias towards an estimated elasticity of
substitution of unity; i.e. the Cobb-Dougleas case.1

The analysis is complicated further if factor rewards are not equal
to their marginal products. Estimation techniques appropriate to this
situation have been discussed by Dhrymes,2 Feldsteinjand Katz.4 Since
the data necessary to perform such experiments is unavailable the matter
will not be pursued further.5 The analysis will proceed upon the
assumption that the 'degree of imperfection' is the same in all regions.

Equation (5.13) was estimated by Ordinary Least Square, using cross-

section data for 1958 and 1963, obtained from the Regional tables of the

1. M. Nerlove, 'Recent Empirical Studies of the C.E.S. and Related
Production Functions', in M. Brown (ed.), The Theory and Empirical

Analysis of Production, N.B.E.R. Studies in Income and Wealth, Vol.31l
(Columbia, Columbia University Press, 1967), p.73f.

2. P.J. Dhrymes, "Some Extensions and Tests for the C.E.S. Class of
Production Functions", Review of Economics and Statisties, Vol.47,
1965, pp.357-66; P.J. Dhrymes and P. Zarembka, "Elasticities of
Substitution for Two-Digit Manufacturing Industries: A Correction",
Review of Economics and Statistics, Vol.52, 1970, pp.l115-T.

3. M.S. Feldstein, op.cit., p.388f.

4, J.M, Katz, Production Functions, Foreign Investment and Growth,
(Amsterdam, North-Holland, 19695, pPp.70-5.

5. M.S. Feldstein, op.cit., p.389.



Census of Production.1 Estimates were obtaired for aggregate manufac-

turing and for all SIC orders in 1958 and 1963, and also for certain

Minimum List Headings (MLH) in 1963.2

Description of the Data and Estimates

Net Output (Vs ., .. represents the value added to materials by
the process of production.”

Wages and Salaries (w): "These are the amounts paid during the
year to operatives, and to administrative, technical and
clerical employees, . . . no deduction is made for income
tax, insurances, contributory pensions, etc.,"

Employees (L): Includes all ". . . administrative, technical and
clerical employees . . . and . . . all other classes of

employees, i.e. . . ., all manual wage earners."3

When equation (5.13) was fitted to aggregate data for the years

1958 and 1963, the equations, as estimated, were;4

(1958): Lg (V/L) = 0.756 + 1.317 Lg (“/L) 5
(0.126)** R® = 0.924
(1963): 1g (/) = 0.679 + 1.089 1g (/)
(0.132) % R = 0.883

1. Board of Trade, Report on the Census of Production 1963 (London,
H.M.S.0., 1970), Part 133.

2. Due to the 'disclosure rule' (Board of Trade, op.cit., Part 1), the
number of observations varies for different industries, the maximum
being eleven. Results are not reported for those MLH Industries
for which the number of observations is less than eight.

3. Full descriptions may be found in, Board of Trade, op.cit., pp.l11-15.

4., Figures in brackets are standard errors. Asterisks indicate
significance levels:

* - gignificantly different from zero at the 5 per cent level
**% - gignificantly different from zero at the 1 per cent level.
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The estimates of the elasticity of substitution do not differ
significantly from each other. Whilst the estimated elasticity of
substitution is significantly greater than unity (at the 5 per cent
level)1 in 1958, it is not significantly different from unity at the 5
per cent level for 1963.2 It may be concluded that the Cobb~-Douglas
production function, as applied in Chapter Four, does provide a reason-
able approximation to the prevailing technology at the‘aggregate level,

The size of the R> indicates that over 886 of the variation in
labour productivity between regions may be accounted for by variations
in the wage rate. If the assumptions of the model are accepted, this
result implies that over three-quarters of the differences in labour
productivity between regions may be accounted for by differences in the
capital-labour ratio.3

Estimates of the elasticity of substitution for SIC orders are
presented in Table 5.1. Rather surprisingly, Shipbuilding and Marine
Engineering (SIC VII), and Vehicles (SIC VIII) appear to have a very
high elasticity of substitution.4 Most of the other estimates are
either not significantly different from zero, indicating fixed
coefficients, or else grouped around unity - the Cobb-Douglas case.

Table 5.2 presents a breakdown of the estimates according to whether

1. But not at the 1 per cent level of significance,

2. It is interesting to note that the share of wages in the value added
in U.K. Manufacturing fell by around 6 per cent over the period 1958-
1963.

3. K.J. Arrow et al, op.cit., p.228., This aspect of the results will
be further developed in Chapter Six.

4, This may be a reflection of the level of aggregation.
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Table 5.1

A
Estimates of the Elasticity of Substitution (b,) in U.K, Manufacturing
Industries: 1958 and 1?63
(s.I.C. Order Level)

s102 1958 1963
59 %, s.e.'l;,3 R2 "t\:, s.e.g, R2

ITI 1.4252 | 0.4210%* | ,560 | 0.7244 | 0.4364 .234
IV 0.5004 | 0.2599 .292 | 1,7160 | 0.5822% | .491
v 0.9594 | 0.3728* | .495 | 0.6539 | 0.2227* | .489
VI 1.1972 | 0.3185%* | ,611 | 0.5867 | 0.4469 +161
VII 2.7070 | 1.2626 .396 | 1,1421 | 0.4748% | .452
VIII |2.1165| 0.1583%* | ,962 | 1.2263 | 0.6762 .320
IX 0.5926 | 0.224T7* | .436 | 1.0285 | 0.3296* | .520
X 1.4376 | 0.2399%* | ,800 | 1.9164 | 0.3541** | ,765
LI 0.8416 | 0.4194 309 | 1.2937 | 0.4063* | .530
XII 1.0000 | 0.1682%* | ,797 | 1.0157 | 0.1942%* | ,752
XIII | 0.8150| 0.2009%* | ,647 | 1.1944 | 0.6650%* | ,839
XIv 0.2952 | 0.2424 .142 | 0,9894 | 0.1830%* | ,765
XV 0.7694 | 0.0817%* | ,908 | 1.0919 | 0.2034%* | ,762

XVI 1.0082 | 0,1732%* | ,790 | 1.2393 | 0.1940%* | ,819

Total

Man 1.3172 | 0.1258%* | ,924 | 1.0886 | 0.1318%* | ,883

1. Coefficient estimated from equation (5.13) in text.

2. A detailed list of the SIC and MLH abbreviations can be found in the
Appendix to this chapter, Table 5.Al.

3. s.e, = standard error of regression coefficient.
* ¢ indicates coefficient significantly different from zero at the
5 per cent level.
** ; indicates coefficient significantly different from zero at the
1 per cent level.
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Table 5.2

Significance tests on the esti
1958 and 1963

Tate of g . (%,)

Tt 1958 1963 Total
ol No. | % |No.| % |No.| %
=0 4 29 3 21 | 25
¢.< 1] 1% T 0 o] 1 4
c=1| 8 57 1'10 71| 18 64
g>1 1 T : 7 2 T
Total | 14 100 | 14 100 | 28 100

1. The 5 per

cent significant level is used throughout.
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the implied value for the elasticity of substitution is significantly
different from zero, or unity; the two values most significant in terms
of theory.l Out of 28 cases (14 each year) seven are not significantly
different from zero, and eighteen of the total are not significantly
different from unity. Only three of the industries exhibited values
of the elasticity of substitution not equal to zero or one. These were
Paper, Printing and Publishing (SIC XV, in 1958), o < 1; Vehicles (SIC
VIII, 1958), o > 1; and Textiles (SIC X, in 1963), o > 1.

The next most striking feature is the instability of the estimates.
The coefficient of rank correlation between the estimates for 1958, and
those for 1963, is -0.200, which is not statistically significant. In
particular, Vehicles (SIC VIII), which in 1958 had an implied value of
the elasticity of substitution greater than unity at the 1 per cent level
of significance, had an elasticity of substitution not significantly
different from zero in 1963, In one respect at least (the diversity of
results) this study is in accord with the findings of other workers in
this field.2

It is also clear from Table 5.2 that it cannot be assumed that the
elasticity of substitution is identical in all activities. This implies
that, in the context of the Heckscher-Ohlin theorem, factor reversals
are likely to occur.3

The regression equation (5.13) was also fitted to fifty-eight MLH

1, For an application to U.S. data, see C.E. Ferguson, "Cross-Sectional
Production Functions and the Elasticity of Substitution in American
Manufacturing", Review of Economics and Statistics, Vol.45, 1963,
pp.305-313.

2. M, Nerlove, op.cit., p.58.

3. Cf. the discussion in Chapter Two, p.46f.



industries for which cross-section data is available for 1963. The
detailed estimates of these coefficients are reported in the Appendix

to this Chapter, Table 5.A2, Table 5.3 presents the results of signi-
ficance tests upon the estimated values of the elasticity of substitution.
Approximately forty per cent of the industries have estimates which are
not significantly different from zero. If we are prepared to accept

the existence of a C.E.S. production function on a priori grounds, the
number of insignificant coefficients would imply that something over one-
third of the industries covered in this study (and thus one-sixth of all
U.K. manufacturing industries), produce under conditions of fixed

coefficients, (o = 0).

Non-Constant Returns to Scale

If returns to scale are not constant then output per unit of labour
is not only dependent on the capiteklabour ratio, but also on the level
of output.

The estimating equation should therefore be;
1g (/) =lea+b, Lgw+ by Lg Y (5.16)
It has been demonstrated1 that given a production function of the
form
_v/
Y=Y[K-p+(1-a) L'°] p
the coefficient (b3) in equation (5.16) may be written as;

£ (1 - c){v - 1)

3 v

where: o = b2 = elasticity of substitution;

]

v = the homogeneity parameter.

1. J.K. Katz, [*) CCit‘, pp.70-2.
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Table 5.3

Significance tests on the estimate_of o . (%,)

MLH Industries (1963)1

Value of | No. %

o=1 30 52

Total 58 | 100

1. The 5 per cent level of significance is used throughout.
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One estimating equation which allows for the possibility of non-

constant returns to scale is;
V' A W A
lg (/) =1ga,+b, Lg (/) +b; 1g V (5.17)
Given that the remaining assumptions of the model still hold, and

that prices are constant between regions, the degree of returns to scale

(v) can be calculated as follows;

Both Dhrymesl and Feldstein2 have shown that it is possible to
estimate a transformation of equation (5.16).

Lg Y Lg Y

Lg L = Lg a,

Subtracting Lg Y from both sides gives;

+ b2 Lg w + b3

- Lg L =Lg a, + b2 Lg w + b3 Lg Y - 1g ¥

and thus;
LgL=-lga, -b, Lgw+ (1-b;) Lg ¥ (5.18)
where: b2 =0
and s (1 - b3) . - ov(v - 1)
Equation (5.18) is estimated as;3
gL =-1g 8, -%4 Lg (%) +“1‘>5 Lg V (5.19)

where: b5 (1 - b3)

]

o
]
od)
]

Q

4 = %2

1. P.J. Dhrymes, op.cit., passim.

2. M.S. Feldstein, op.cit., p.387f.

3. This is notwithstanding the absence of any explicit reference to the
degree of monopoly in the estimating equation.
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The degree of returns to scale is calculated as;

Y g‘":’%‘ (5.20)

Both equations (5,17) and (5.19) were estimated. The estimated
coefficients were, as expected, the same. Because equation (5.19)
allowed the homogeneity parameter (v) to be computed more easily, results
will only be reported for this estimating equation.

The estimated equations for total manufacturing in the U.,K. in 1958

and 1963 were;

(1958): Lg L = -0.982 - 1.439 Lg (w/L) + 1,025 Lg V 2
(0.138)** (0,015)** R® = 0,999

(1963): Lg L = -0.888 - 1,221 Lg ("/L) +1.025 Ig V &
(0.148)** (0.016)** R® = 0.999

The implied values of the homogeneity parameter are;

(1958) v = 1.060

(1963) v=1,25

There is thus some evidence of increasing returns to scale in the
aggregate.

Estimates of the elasticity of substitution and the degree of
returns to scale (v) are reported for SIC orders in the years 1958 and
1963, in Tables 5.4 and 5.5. When an allowance is made for non-constant
returns to scale, the instability in the estimates of the elasticity of
substitution, noted earlier, reappears.

Nerlove, in his survey of the field, states that: "The major finding

of this survey is the diversity of results: Even slight variations in

the period or concepts tend to produce drastically different estimates

1. Using equation (5.20).
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Table 5.4
Estimates of the Elasticity of Substitution (% ) and the Degree
of Returns to Scale (9): S.I.C. Orders ITI-XVI{ U.K. 1958!
a 1
; Sﬁi:c'l %4 gs.e.%42 %5 s.ef%s R2 v3
e dll —1.0366§ 0.5256 | 0.9491| 0.0428 | .989 | 1.097 b
IV +o.2155§ 0.3125 | 0.9097 | 0.0311** | ,997 | 1.075 b
v -0.0451§ 0.2263 | 0.8801 | 0.0216** | ,998 | 1.138 b
VI -1.5595% 0.5972*% | 1.0223 | 0.0307** | ,998 | 1,042 a
VII -2.9593§ 0.9452% | 1,0505 | 0.0196** | ,998 | 1,027 a
VIII -2.12842 0.1814%* | 0,9945 | 0,0288%* | ,997 | 0,995 a
IX -o.6994§ 0.2257* | 1.,0295 | 0.0214** | ,997 | 0.913 a
X | -1.4338 | 0.2538%% | 1.0092 | 0.0356%* | .991| 1.022 a
XTI -0.8892| 0.3742% | 0.9340 | 0.0360%* | ,989 | 2.473 a
i XII = -0.9120 | 0.1823** | 0.9727 | 0.0238%* | .99 | 1.450 a
| XIII i -0.7900 | 0.2165% 0.98602 0.0294** | ,993 | 1.071 a
CXIV | +0.4050 | 0.3385 | 0.8908 | 0.0434%* | .994 | 1.064 b
; XV -0.9630 | 0.1608%* | 1,0228 | 0.0166** | 999 | 0.619 a
XVI | -1.4310| 0.3964%% | 1,0707 | 0.0599** | .993 | 1.196 &
ﬁ::fl ~1.4392 | 0.1384%* | 1.0248 | 0.0154** | ,999 | 1.060 a

1. Estimation is described in equation (5.19).

2. See note 3 to Table 5.1.

3.

'v! is calculated as described in the text,

pp.193-4.
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Table 5.5

Estimates of the Elasticity of Substitution (% ) and the Degre

of Returns to Scale (9): S.I.C. Orders III-XVI? U.K. 19631

|s.nc.| b A ) A 2

| No. 4 s.e.b4 5 s.e.b.5 | R v

I
IIT | -0.5450 | 0.5273 | 0.9727 | 0.0146%* | ,989 | 1,039 b
IV | -1.7113 | 0.6196* | 0.9969 | 0.0362** | ,990 | 0.996 a
v -0.6268 | 0.3153 | 0.9982 | 0,0139%* | .999 | 1.019 b
VI | -0.6446 | 0.8133 | 1.0042 | 0.0477%% | .994 | 1.020 b
VII | -1.3781| 0.3386%* | 1,0679 | 0.0232%* | .997 | 1.219 a
VIII | -0.6894 | 1.5649 | 0.9567 | 0.1121%* | ,981 | 1.074 b
IX | -1.6709 | 0.3245%* | 1,0435 | 0.0147%* | .999 | 1,069 a
X | -1.8729 | 0.3435%* | 1,0557 | 0.0433** 988 | 1.068 &
XI | -1.0883 | 0.3932% | 0.9335 | 0.0405%* | ,986 | 0.570 a
XIT | -1.1194 | 0.2491%* | 1.0242 | 0.0346** ,993 | 1.254 a
XIIT | -1.1941 | 0.1876%* | 0,9999 | 0.0186** | ,997 | 1.000 a
XIV | -0.7636 0.2817% | 0.9833 | 0.0174** .999 | 1.063 a
XV | -1.3750 | 0.3373%* | 1.0304 | 0.0290%* | .997 | 1.088 a
XVI | -1.1765 | 0.3663% | 0.9919 | 0,0386%* .995' 0.956 a
poval| _1.2211 | 0.1483%% | 1.0245 | 0,0156%* | .999 | 1.125 &

See notes to Table 5.4.



of the elasticity."l It is difficult to rationalise the instability

of the estimates. Between 1958 and 1963 the percentage of the work
force unemployed rose in almost all industries, yet some of the estimates
are higher, some lower. There seems to be no consistency in the
direction of movement of the estimates over the period.

The coefficient of rank correlation between the estimates of (%4)
for 1958 and 1963 is -0,100, which is not significantly different from
zZero. The estimate of elasticity of substitution for Vehicles (SIC
VIII) again falls from greater than unity in 1958, to zero in 1963; a
similar change occurs for Textiles (SIC X). The results of significance
tests on the elasticity of substitution coefficient, as estimated in the
multiple regression, are given in Table 5.6.

The homogeneity pargmeter (v) was calculated by two different
methods.

(a) If both coefficients in equation (5.19) were significant, v was

calculated by the formula;

l- 0 4 = %$
B -0~ B -7,

(b) If the estimate of the elasticity of substitution C%4) was not
significantly different from zero (at the 5 per cent level), the
model interprets this as indicative of fixed coefficients. In this
event the equation should be re-estimated with the variable Lg (H/L)
deleted from the regression. In other words the degree of returns
to scale (v), in the presence of fixed coefficients, is determined

by the magnitude of the elasticity of output with respect to labour

(1/ (@x/ d—g)). If the elasticity of substitution (b 4) was not

1. M. Nerlove, op.cit., p.58.
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Table 5.6

Significance tests on the estimate of o . (‘54)
1958 and 1963.

SIC Order (:‘rroups1

Value 1958 1963 Total

0% No.| % |No.| % |No.| %

o=0| 4 29| 4 29| 8 29
c<1l| O 0| © oj O 0
o=1| 9 64| 9 64| 18 64
o> 1] 1 714 T 2 7

Total | 14 | 100| 14 | 100| 28 | 100

1. Confidence Limits are at the P, ¢ 0.05 level throughout.
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significantly different from zero, v was estimated as the coefficient
A in the equation;
g V=4 i Ig L

Significant economies of scale appear to rule in most industries,
although there is considerable instability in the estimates. Three
industries deserve special mention. Vehicles (SIC VIII), contrary to
a priori exPectations,1 does not appear to be experiencing significant
increasing returns to scale; indeed, on the basis of 1958 data,
decreasing returns appear to rule, Leather, Leather Goods, and Fur
(s1C XI), which was experiencing considerable increasing returns to
scale in 1958 (v = 2.473), had somehow altered its production surface
in the intervening years such that by 1963 it was experiencing significant
(and severe) decreasing returns to scale (v = 0.570). A similar, although
less spectacular, reversal occurred in Other Manufacturing Industries (SIC
XVI). The coefficient of rank correlation for the estimates of v, in
1958 and 1963, is =-0.360, which is not significantly different from zero.

The estimating equation (5.19) was also fitted to the fifty-eight
MLH industries for which sufficient data is available. The detailed
results for each MLH industry in 1963 are reported in the Appendix to
this chapter, Table 5.A3.

The estimates of the homogeneity parameter (v) are all quite close
to unity, although it should be noted that four industries appear to be
experiencing considerable decreasing returns. These are: Bricks, e tc.
(MLH 461), Timber (MLH 471), Furniture and Upholstery (MLH 472) and

General Printing, Publishing etc. (MLH 489).

1. See C.F. Pratten, Economies of Scale in Manufacturing Industry,

(Cambridge, C.U.P., 1971), pp.132-149.
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Table 5.7 presents the results of significance tests upon the
estimated value of the elasticity of substitution. Approximately sixty
per cent of the industries present estimates which are not significantly
different from zero in the multiple regression. If we are prepared to
accept the existence of a C.E.S. production function on a priori grounds,
the number of insignificant coefficients would imply that something over
one-half of the industries covered in this study (and thus one-quarter
of all U.K. manufacturing industries), produce under conditions of fixed
coefficients (c = 0). Since the model is constructed under the assumption
of a 'representative' isoquant, this implies that the technique of produc-
tion in all regions is exactly the same in these industries. This rather
startling conclusion must lead us to reconsider the validity of the
exercise,

In particular, we must question whether the interpretation of insig-
nificant estimates as indicative of fixed technical coefficients (i.e.
identical capital-labour ratios in all regions), is warranted. It can
only be assumed that fixed technical coefficients is the correct inter-
pretation provided that two prior conditions are satisfied, These are;

(i) That there are substantial a priori grounds for believing that

a single production function is a valid interpretation of
prevailing technology in those industries; and that the
industries operate in a neoclassical environment.

(ii) That there is minimal variation in output per man, within

these industries, aside from that which could be expected to
result from variable returns to scale or from measurement
error. If there really exists fixed coefficients, we should

find that different factor price ratios are associated with

the same technique, and therefore the same output per man
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Table 5.7

Significance tests on the estimate of o . (34)1
MLH Industries 1963

Value of | No. | %

Total 58 100

1. Confidence Limits are at the P ¢ 0.05 level throughout.
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(i.e. (V/L) or Lg (V/L) is a constant for those industries).

If the fixed coefficients interpretation is correct we would expect

to find (given the variation in the wage rate), that the variation in
Lg (Y/L) is significantly less in those industries for which the implied
elasticity of substitution is zero, than in the industries where the
elasticity of substitution is significantly different from zero.

To test for this 'fixed coefficients' effect, the mean, median, and

standard deviation of the variance in Lg (V/L), were computed for the

twenty-four MLH industries which exhibited an implied elasticity of
substitution (%1) of zero. These were then compared with the mean,
median and standard deviation of the variances in Lg (v/L), for the
thirty-four MIH industries which exhibited an implied value of the elas-
ticity of substitution (%l) greater than zero.

Mean variance is calculated for each group as;

nlm (X.. - X, )2
ij ;|
mean var = L | L
ild
n-1

where: Xij = Logarithm of output per man in industry il

(i=1,2... n), in region j (j =1, 2 ... m);

P

Mean of the observations of the Log. of output per

ij
man in each industry,
m Xi’

L m
J

il

The results of this exercise are set out, for each group separately,

in Table 5.8 below.
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Table 5.8

Results of the test for fixed coefficients

~

6‘:0 g >0

Mean of variances 0.0383 | 0.0352
Median of variances | 0.0230 | 0,0200

S.D. of variances 0.0390 | 0.0388

There is no significant difference in the mean variance of Lg (Y/L)
between the two groups. Indeed, although the standard deviations of the
variances are almost identical, the mean and median of the variances in
the 'fixed coefficients' group (o = 0), are greater than the associated
statistics for the variable technique group (o > 0).

It would seem on the basis of this test, that the insignificant
coefficients in Table 5.A2 are a reflection, not of the absence of
variation in output per man (i.e. fixed technical coefficients) but, of
an absence of co-variation between the variables Lg (Y/L) and Lg (W/L)'
across regions in those industries.

Given that the estimation procedure is incapable of accurately
detecting the industries with fixed coefficients, the use of this
procedure to estimate the value of the elasticity of substitution, when
technical coefficients are not fixed, must be questioned.

It must be admitted however, that for some industries at least the
results are in accord with a priori expectations. But once the
operation of the neoclassical forces is denied, it becomes necessary to
offer an alternative rationalisation of the 'successful' cases. This

is the task of the final section of this chapter.
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Interpretation of the Results

In a recent paper Franklin Fisherl has demonstrated some disturbing
propositions, especially as regards the fitting of aggregate production
functions to national (time series) data. Fisher's claims are based on
simulation experiments. In the present section we attempt to prove his
results using the CES estimating relationship, thus revealing, for this
method of estimation at least, the logic of his claim.

Whilst many economists have long held that the concept of an
aggregate production function could not be carried over to real world
situations, many authors justified their use of such a concept by the
apparent success of the aggregate Cobb-Douglas function to account for
the 'constancy' of labour's share in National Income. Indeed this
success has often been cited as the only evidence in favour of the
marginal productivity theory of wage determination. It now appears as
a result of Fisher's simulation experiments that not only the recipe,
but the (as if) pudding, is incapable of providing such a proof.2

One of the main conclusions of his recent paper is that: "An
aggregate Cobb-Douglas only works well so long as labour's share is
roughly constant."3 Again: "The suggestion Z;f the simulation
experiment§7 is clear, however, that labour's share is not roughly

constant because the diverse technical relationships of modern economies

1. F.M, Fisher, op.cit., passim; F.M. Fisher, "The Existence of
Aggregate Production Functions", Econometrica, Vol.37, 1969,
pPp.553-577; Joan Robinson, "Comment", and F.M. Fisher, "A Reply",
both to be found in Econometrica, Vol.39, 1971, p.405.

2. P.A. Samuelson, op.cit., p.l194, n.2.; M, Friedman, Essays in
Positive Economics (Chicago, University of Chicago Press, 1953),
pp.3-43. ;

3. F.M. Figher, "A Simulation Experiment . . .", op.cit., p.307.



are truly representable by an aggregate Cobb-Douglas, but rather that
such relationships appear to be representable by an aggregate Cobb-
Douglas because labour's share happens to be roughly constant."1 He
also indicates that these conclusions mey be extended to apply to the
CES production function,

There are two logically distinct, though related, issues here.

One issue refers to the validity of interpreting reduced equations
(side—relations) as estimating, or being evidence for the existence of,
a production function and its associated parameters.

If we accept that the coefficients (estimated from side-relations)
are production function parameters, the second issue is concerned with
explaining why, given that labour's share is roughly constant, such
estimates appear to indicate that the implied production function is
Cobb-Douglas in form,

Attention will be confined initially to the latter claim, based on
simulation experiments, that if labour's share is constant the implied
production function will be Cobb-Douglas in form, This can be demons-
trated with the aid of CES side-relations which we have used to estimate
the elasticity of substitution (Equation 5.11).

Consider the estimating equation used to derive values of the

elasticity of substitution;

1g (*/,) = 1g a+ b Lg (V/}) (5.11)
where: Y = Value Added;
L = Total Labour Input;
W = Total Wage Bill.

As we have shown, under neoclassical assumptions the implied value

1. Ibid., p.325.
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for the elasticity of substitution is equal to the value of the regression
coefficient (b) in equation (5.11).

We note first that if the wage share is constant then;

Subtraction of (g%) from both sides of the above, yields an equivalent
condition for the constancy of shares,

df 4L _dv _dL

Y- LS wW- L (5.21)

We may rewrite the estimate of the elasticity of substitution (b)

in (5.11), as;

X a1e (/)
Ca1e (/)
a (/) A D
TV AT
L L
4y _ 4L
b = (_é - d_L’j (5.22)
W L

If labour's share is constant, then the R.H.S. and L.H.S. of (5.21)
are equal; but note that this equality also implies that the numerator
and denominator of (5.22) are equal (i.e. b = 1). If shares are
constant, the regression coefficient in the estimating equation (5.11)
will have a value of unity, and thus the implied value of the elasticity
of substitution will be unity. If shares are not constant, the
numerator and denominator of (5.22) are not equal, and thus b ¥ 1.

In terms of this formulation of the problem, Fisher is correct in
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his assertions that the implied value of the elasticity of substitution,
and thus the form of the production function, depends on the observed
constancy, or otherwise, of labour's share. This conclusion can be
generalised to the CES class of production functions, both aggregative
and dis—aggregative.l

The first issue raised by Fisher is whether we can interpret the
coefficients in the estimating equations (5.13) and (5.19), as produc-
tion function parameters. In this section it will be argued that we
cannot, both because the notion of a single production function may be
invalid for our observations, and because it is unlikely that if such a
function did exist, the parameters would be identified in the estimating
equations,

If the world was severely neoclassical, and if the dramatic
reversals in the estimates which we discovered in the preceding section
could be rationalised in terms of technical factors, then it may be
possible to consider the estimates presented earlier as parameters of
the production function. The world, however, is not in accord with
neoclassical assumptions, and the diversity of results cannot be
rationalised in terms of technique decisions.2

Even if all the neoclassical behavioural assumptions were satisfied,
it would still be difficult to consider the results as parameters of the
production surface in each industry. The simple explanation is, that

the observations do not reflect a production surface; nor is it likely

1. This discussion also implies that tests of the CES estimate, based
upon the comparison between observed and predicted wage shares (such
as Ferguson's 'largely independent' test), are in fact not independent
in the least. Cf. C.E. Ferguson, op.cit., p.309.

2. Cf. M. Nerlove, op.cit., pp.58-82.



- 208 -

that the observations within each industry come from the same production
surface. The two basic assumptions on which the model is based are
violated. It is also highly unlikely that the observations are generated
by firms using optimal input combinations given the ruling factor prices.
Once we admit, as we must, the existence of time and uncertainty, vintages
and non-malleability, the concept of a single ex-post production function,
is invalid.l Given uncertainty and non-malleability, it would only be
by chance that the values of the coefficients in the estimating equations
correspond to parameters of the production surface. We cannot throw
light upon a concept that does not exist.

An additional reason for these negative conclusions is that the
assumption, that the wage rate is exogenous, is also likely to be violated.
Given the widespread use of payment by results in U.K. industries, in
addition to more general productivity agreements, the statistical
procedure is incapable of separating out the effects of changes in the
wage rate (and thus technique) on average product, from the effects of

changes in average product on the wage rate.2

E pur si muove

Leaving questions of 'existence' aside, there are also problems of

'identification'. If it can be demonstrated that the estimating

1. W.E.G. Salter, Productivity and Technical Change, 2nd edition
(Cembridge, C.U.P., 1966), pp.13-26; J.A.S. Schumpeter, History of
Economic Analysis (London, George Allen and Unwin, 19545, p.1038.

2. R. Agawala and G.C. Goodson, "A Study of Earnings from Employment
in British Industries, 1958-1966", Bulle tin of Economic Research,
Vol.23, 1971, pp.35-41l; J.R. Crossley, 'Collective Bargaining,
Wage Structure and the Labour Market in the U.K.', in E.M. Hugh-
Jones (ed.), Wage Structure in Theory and Practice (Amsterdam,

North-Holland, 1966), pp.157-235.




equations we have used are consistent with alternative models containing
wage and productivity variables, it may be concluded that the side-
relation of the production function has not been identified.

The untransformed version of our estimating equation (5.11) is;
Y, =a (VP (5.23)
There appear to be two alternative rationalisations of this relation-
ship. One is as a wage determining equation; the second is a profit or
price determining equation.
(a) Wage determination.

We may rewrite (5.23) as follows;l
W, 1,Y
/L= a ( /L) (5-24)

Given that ?/L is exogenous, equation (5.24) becomes an expression
for wage determination,

Kuh found some evidence for the existence of such a relationship in
the U.S. He states that; "Quite apart from its relation to marginal
productivity, average productivity placed in a bargaining framework could
explain wage movements."2

The logarithmic function we have estimated is consistent with this
hypothesis.for many industries in the U.K. The finding that the
coefficient (b) approximates unity may be indicative of the observations
being generated, not by production function relationships, but rather by

a wage-determination model.

1. The exponent has been set equal to unity, as is the case with the
'implied' Cobb-Douglas results.

2. E, Kuh, "A Productivity Theory of Wage Levels - an Alternative to the
Phillips Curve", Review of Economic Studies, Vol.34, 1967, p.337.
See also R. Agawala and G.C. Goodson, op.cit., passim,




(b) Profit or Price determination.

Alternatively, the relationship can be derived from a pricing theory
based on prime costs plus margins. The particular alternative discussed
in this section considers margins to be calculated on a 'wage-cost plus'
basis, rather than on a 'full prime-cost plus' basis.l

Price per unit of output (p) is made up of, the unit wage cost plus

unit materials cost plus unit profit, i.e.;

=w2+nls
p - W'O ‘o ™

wage rate;
0 = quantity of output;
m = price per unit of raw materials;
M = quantity of raw materials.

Let profit per unit (v) equal wage cost, times some mark-up (t) for

overheads and earnings,

The value of gross output (p.0) will be equal to;
p.0 = O[w.%')' (1 +71) + m.%—l

and p.0 = w.L (1 +1 ) + m.M
Value added equals (p.O - m.M), and thus;
p.0 - mM =V =w.L (1 + 1)

Dividing both sides by the number of workers yields;
v W

This pricing, or distribution, equation (5.25) is also consistent

1., A. Silberston, "Surveys of Applied Economics: Price Behaviour of
Firms", Economic Journal, Vol.80, 1970, pp.511-582.
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with the form of the CES estimating equation.l

It is difficult to discriminate between these alternative rational-
isations of the data, and in this light there are serious problems of
identification. It must be concluded, therefore, that the results of
estimating the CES side-relation, where they are in apparent agreement
with a priori beliefs, cennot automatically be interpreted as production
function parameters. Given these important qualifications, the results
(interpreted as production function parameters), are not only reasonable
in themselves, but may act as a basis for further research into produc-

tivity differences between regions.

1. i.e.; Lg (V/L) =Lg (1+ 1) + A Lg (W/L).
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Appendix 5.A1

List of Industries Considered1

11T Food, Drink and Tobacco
Bacon Curing, Meat and Fish Products
Milk Products

Fruit and Vegetable Products

Animal and Poultry Foods

Starch and Misc. Foods

Brewing and Malting

239(2 & 3)Soft Drinks, British Wines, Cider and Perry

263
271(3)
272(1)

274

311
313

321 & 322

331
332
333
336
337
339
341
349

Iv Chemicals and Allied Industries
Lubricating Oils and Greases

General Chemicals

Pharmaceutical Preparations

Paint and Printing Ink

\') Metal Manufacture
Iron and Steel (General)
Iron Castings (etc.)

Non-ferrous Metals

VI Engineering and Electrical Goods
Agriculturel Machinery (except tractors)
Metal-working Machine Tools

Engineers Small Tools and Gauges
Contracts, Plant and Quarrying Machinery
Mechanical Handling Equipment

Misc. (Non-Electrical) Machinery
Industrial Plant and Steel Work

General Mechanical Engineering
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351 Scientific, Surgical and Photographic Industries etc.
361 Electrical Machinery
364 Radio and Other Electronic Apparatus
396 Miscellaneous Electrical Goods
VIII Vehicles
381 Motor Vehicle Manufacturing
IX Metal Goods n.e.8.
394 Wire and Wire Manufactures
399 Misc. Metal Manufactures
X Textiles
414 Woollen and Worsted
417 Hosiery and Other Knitted Goods
421 Narrow Fabrics
XI Leather, Leather Goods and Fur
431 Leather (Tenning and Dressing) and Fellmongery
XII Clothing and Footwear
442 Men's and Boys Tailored Outwear
443 Women's and Girls Tailored Outwear
444 Overalls and Men's Shirts, Underwear, etc.
445 Dresses, Lingerie, Infant Wear, etc.

449(1,3 &4)Corsets, and Misc. Dress Industries

450 Footwear

XIII Bricks, Pottery, Glass, Cement, etc.
461 Bricks, Fireclay and Refractory Goods
463 Glass

469(2) Misc. Building Materials, etc.



471
472
473
474
475
479

481
482
483
486
489

491
493
494
496
499

—gi4 ~

XIV Timber, Furniture, etc.
Timber

Furniture and Upholstery
Bedding and Soft Furnishings
Wooden Containers and Baskets
Shop and Office Fittings

Misc. Wood and Cork Manufactures

XV Paper, Printing and Publishing

Paper and Board

Cardboard Boxes, Cartons and Fibreboard Packing Cases
Misc. Manufactures of Paper and Board

Printing and Publishing of Newspapers and Periodicals

General Printing, Publishing, Bookbinding, Engineering, etc.

XVI Other Manufactuiing Industries
Rubber

Brushes and Brooms

Toys, Gemes and Sports Equipment
Plastics Moulding and Fabricating

Misc. Manufacturing Industries.

1. Source: Board of Trade, op.cit., p.251f.
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Appendix Table 5.A2

Estimates of the Elasticity of Substltutlon (® )
MLH Industries 19631

;Lygd %1 s.e.%l R2 Iﬁf. %l s e.%l R2
214 | 0.4150| 0.4987 | .080 337 | 0.5318| 0.5247 | .128
215 | -0.0393 | 0.3383 .002 339 1.0033 | 0.7764 173
218 | 1.2942 | 0.3346%* | 652 341 | 1.4432 | 0.3746%* | .650
219 | -0.4704 | 1,0295 | .025 349 | 1.1623 | 0.4592% | .445
229/2| 1.5037 | 0.3518%* | 723 351 | 0.5433 | 0.2580 397
231 | 0.8785| 0.6963 | .185 361 | -0.1043 | 0.3693 | .011
222?2 1.3418 | 0.3478%* | 650 364 | 1.3832 | 0.3724%* | .663
263 | 0.4792 | 0.6512 | .083 369 | -0.0041 | 0.8834 | .000
271/3| 1.0791| 0.8383 | .175 381 | 0.0866 | 1.5469 | .000
272/2 | 1.9746 | 0.3083%* | ,872 394 | 1.3535| 0.5232% f .489
274 | 0.7879| 0.3918 | .366 399 | 1.0245 | 0.4430% i .401
311 | 0.2737 | 0.2523 | .144 414 | 1.9562 | 0.4902%* | 666
313 | 0.7858 | 0.1703** | ,780 417 | 0.7752 | 0.8960  .111
?;2;& -0.6534 | 0.9390 | .065 421 | 0.2504 | 0.6749 | .022
331 0.0343 | 1.0276 | .000 431 | 0,9469 | 0.4173* 424
332 2.4543 | 0.7308%* | .585 442 | 0.7123| 0.4271 | .258
333 0.5970 | 0.2087* | .557 443 | 1.1769 | 0.3512% }.652
336 1.1103 | 0.6111 | .292 | 444 | 0.7197 | 0.2566% | .496

(contd.)



Appendix Table

5,42 (contd.)

I%Iff. %1 s.e."‘t:1 R2 1]\:12?’ %l s.e.%:L R2
445 | 0.6494 | 0.2589% | ,440 479 | 0.5971 | 0.2103* | .502
;fz/i -0.1723 | 0.4772 | .021 481 | 1.8541 | 0.3709% | .838
450 | 1.7162 | 0.4837** | .611 48 | 0.9081 | 0.4568* | .361
461 | 1.0151 | 0.2540%* | 727 483 | 2,0261 | 0.5757** | .608
463 | 0.9343 | 0.3889* | .419 486 | 0.7423 | 0.1544%* | 743
469/2| 0.8906 | 0.6318 | .176 489 | 1.2249| 0.1489** | 894
471 | 1.2773 | 0.3303** | 651 491 | 0.9832 | 0.2725%* | .619
472 | 1.4084 | 0,2770%* | ,764 493 | 0.8452 | 0.2744% | 575
473 | 0.2117 | 0.2431 | .087 494 | 1.7361| 0.5207* | .581
474 | 0.6043 | 0.3197 | .338 496 | 1.1666 | 0.2775%* | .716
475 | 1.0292 | 0.3371* | .571 499 | 1.0149 | 0.3497* | .559

1. See notes to Table 5.1.
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Appendix Table 5.A3

Estimates of the Elasticity of Substitution (B
Returns to Scale (v
MLH Industries 1963

4) and the Degree of

IT\LI:K}' %4 S.e. %4 °b5 s.e. %5 R2 v
214 | -0.3306 | 0.6541 | 0.9873 | 0.0572%* | ,984 | 1.0136 b
215 | +0.2037| 0.3759 | 1.0508 | 0.0507** | ,987 | 0.9492 b
218 | -0.7177| 0.4047 | 0.9240 | 0.0378%* | ,994 | 1.1304 b
219 | -0.042 | 0.6394 | 0.8025 | 0.0515%* | ,973 | 1.2115 b
229/2 | -2.0572 | 0.3228%* | 1,1939 | 0.0705%* | ,981 | 1.1583 a
2351 | -0.8842| 1.0903 | 1.0009 | 0.1337** | .944 | 1.0164 b
332/3 -0.8769| 0.4027 | 0.9092 | 0.0507** | .985 | 1.1640 b
263 | -0.7022 | 0.4569 | 0.8381 | 0.0588** | ,978 | 1.1326 b
271/3 | -0.7678| 0.8546 | 0.9412 | 0.0508%* | ,981 | 1.0566 b
272/1| -1.9719 | 0.5524* | 0.9996 | 0.0648** | ,989 ' 1.0000 a
274 | -0.8725| 0.4509 | 1,0182 | 0.0380%* | ,993 | 0.9983 b
311 | -0.5086 | 0.3562 | 1.0341 | 0.0362%* | ,996 | 0.9967 b
313 | -0.5859 | 0.1123%* | 0,9672 | 0.0090** | ,999 | 1.0860 a
721 &1 40,8866 | 1.0547 | 0.9803 | 0.0321** | .995 | 1.0039 b
331 | +0.4176 | 1.0845 | 0.8973 | 0.0909%* | ,951 | 1.0433 b
332 | -2.4057 | 0.5965%* | 0.9382 | 0.0276%* | ,994 | 0.9579 a
333 | -0.6946 | 0.2361% | 1.0155 | 0.156%* | ,999 | 0.9550 a
336 | -0.8857 | 0,6951 | 0.9159 | 0.1115** | .913 | 1,0444 b
337 | =0.5245 | 0.4937 | 0.9532 | 0.0338** | ,992 | 1.0401 b
339 | -1.0621| 0.8313 | 1.0136 | 0.0321** | ,993 | 0.9849 b
341 | -2.1350 | 0.6417* | 1.0627 | 0.0483%* | ,994 | 1.0585 a
349 | -0.4908| 0.3615 | 0.9956 | 0.0131** | ,999 | 1.0559 b
351 | -0.3869| 0.3697 | 0.9786 | 0.0348%* | ,995 | 1,0428 b
361 | -0.1799 | 0.4546 | 1.0468 | 0,0443%* | .993 | 0.9578 b

(contd.)
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II\TI;?’ %4 8., %4 %5 s.e."\ob. R2 v

364 | -1.3612 | 0.5252% | 0,9960 | 0.6122** | ,984 | 0.9890 a
369 | +0.1634 | 0.8231 | 0.9591 | 0.0342%* | ,991 | 1.0324 b
381 | -0.0990 | 2,7934 | 1.0011 | 0.2018%* | ,908 | 0.9126 b
394 | -1.3517| 0.5598 | 1.0115 | 0.0336** | ,993 | 0,9886 a
399 | -1.5108| 0.6422 | 1.0256 | 0.0246%% | ,998 | 0.9472 b
414 | -1.9322 | 0.5181%* | 1,0171 | 0.0357** | ,992 | 1.0186 a
417 | -0.8425| 1.0002 | 0.9825 | 0.0601** | ,983 | 0,9864 b
421 | -0.1380| 0,7765 | 1.0494 | 0.1200%* | ,947 | 0.8952 b
431 | -0.7429| 0.6042 | 0.9690 | 0.0625%* | ,985 | 1,0710 b
442 | -0,1900| 0.4183 | 0.9245 | 0.0427** | ,991 | 1,0834 b
443 | -1.2531| 0.4067* | 1.0175 | 0.0357** | ,994 | 1.0743 a
444 | -0.5185| 0.3572 | 0.9620 | 0.0458%* | ,991 | 1.0776 b
445 | -0,1926 | 0.3844 | 0.9478 | 0,0343%* | ,996 | 1,0661 b
§42/i +0.1932 | 0.5537 | 0.9851 | 0.1313%* | ,929 | 0.9267 b
450 | -1.6405| 0.4973% | 0.9746 | 0.0285%* | ,994 | 0.9618 a
461 | -1,0095 | 0.2936* | 0.9966 | 0,0568%* | ,984 | 0,7364 a
463 | -0.6699 | 0.5781 | 0.9762 | 0.0372%* | ,995 | 1,0511 b
469/2 | -0.3900 | 0.7749 | 0.9638 | 0.0382%* | ,992 | 1.0413 b
471 | -1.1311| 0.2850%* | 0.9587 | 0.0196%* | ,997 | 0.7604 a
472 | -1.1289 | 0.3219%* | 0,9852 | 0.0285** | .995 | 0.7751 a
473 | -0.2116 | 0.2493 | 1.0600 | 0.0771%* | ,964 | 0.9063 b
474 | -0.6344 | 0.3424 | 1.0243 | 0.0461** | ,988 | 0.9715 b
475 | -1.3131 | 0.4963* | 1.0394 | 0.0494%* | ,992 | 1.1440 a
479 | =0.3923 | 0.3317 | 0.9615 | 0.0475%* | .992 | 1.0784 D
481 | -1.6546 | 0.2514%* | 0.9614 | 0,0160%* | ,998 | 0.9443 a
482 | -1.3520 | 0.5096* | 1,0985 | 0.0645%* | ,984 | 1.3886 a

(contd.)
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Appendix Table 5.43 (contd.)

m | et | B |eet, || v
483 -2.0129 | 0,6089% | 1.0222 | 0,0537** | ,982 | 1.0224
486 -0.4911 | 0.2790 0.9638 | 0.0336%* | ,997 | 1,0892
489 ~-1.0422 | 0,2236%* | 0,9828 | 0,0157** | ,999 | 0.7104
491 -1.0349 | 0.4944* | 1.0047 | 0.0363%% | ,996 | 1.1556
493 -0.9033 | 0.3503* | 1.0274 | 0.0899%* | ,961 | 0.7792
494 -1.7680 | 0.5386%* | 0.9641 | 0.0494%* | ,983 | 0.9553
496 -1.1544 | 0.3063%* | 0.9955 | 0.0245%* | ,996 | 0.9717
499 -1.3836 | 0.6011* | 1.0877 | 0.1230%* | ,959 | 1.2964

1. See notes to Table 5.4.
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Chapter Six

Inter-Regional Differences in the 'Efficiency' or
'"Technological' Parameters : 1958 and 1963

Whereas Chapter Four dealt with the sources of regional productivity
differences over time, this chapter attempts to examine the source of
inter-regional differences in productivity, at a point in time. In
particular, the chapter is concerned with estimating regional *efficiency
parameters'l using a Constant Elasticity of Substitution Production
Function. It is necessary, as a preliminary to the main sections of
this analysis, to demonstrate the specific interpretation which can be

placed upon the estimates obtained in the preceding chapter.

Derivation of the CES side-relation

Assuming constant returns to scale, the CES production function may

be specified as;2

Y=y [csx"" +(1-8) L'°J -l/p (6.1)

where: Y= (neutral) efficiency parameter;

1. The 'efficiency parameter' of the CES production function is similar
to the 'technological parameter' (A) in the Cobb-Douglas function.
Changes in the 'efficiency parameter! give rise to an equi-
proportional increase in output, for any given quantity of inputs.
See D.F. Heathfield, Production Functions (London, Maecmillan, 1971),
p.56; M. Brown, On the Theory and Measurement of Technological
Change (Cambridge, C.U.P., 2nd edition, 1968), p.54.

2. Derivations of the CES function may be found in K.J. Arrow,
H.B. Chenery, B.S. Minhas amd R.M. Solow, "Capital-Labor Substitution
and Economic Efficiency", Review of Economics and Statistics, Vol.43,
1961, pp.225-250; M. Brown and J. de Cani, "Technological Change and
the Distribution of Income", International Economic Review, Vol.4,
1963, pp.289-309; M. Brown, op.cit., pp.43-62; C.E. Ferguson, The
Neoclassical Theory of Production and Distribution (Cambridge, C.U.P.,
1969). For an application of the CES function to U.S. regional data
see E, Olsen, International Trade Theory and Regional Income
Differences (Amsterdam, North-Holland, 1971).
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o
]

distribution parameter;

substitution parameter.

i

P

Output per unit of labour may be expressed as;

-1
Y K
fy=v[s®)® v -], (6.2)
Raising both sides of equation (6.2) to the power p, and dividing

through by v°, gives;

- -1

Y, K

/1y =[<s( /)7 + (1 - a)] (6.3)
To establish the marginal product of labour, assumed to be equal

to the wage rate, we partially differentiate equation (6.1) with respect

to labour, to yield;
Yy
A _ K/ y=p /
v-Zeva-ofe@pTtea-n], (6.4)
Substitution of (6.2) into (6.4) gives;
-1
w=/ (-8 |8 /)P + (- 6):] (6.5)
Substitution of (6.3) into (6.5) yields;
-0
Y Y, 0
w="/, (1-8) 7/ (6.6)
It follows from (6.6) that;

(Y/L)l+p -1 0

w(1-68)"y (6.7)

i

Taking logarithms of both sides and dividing through by (1 + o) gives;l

Lg (Y/L) =7 i = Lg v (1- 5)-§] + 7 1 . Lg w (6.8)

1. Alternative proofs may be found in; C.E. Ferguson, "Time series
Production Functions and Technological Progress in American Manu-
facturing Industry", Journal of Political Economy, Vol.73, 1965,
pp.135-137; J.M. Katz, Production Functions, Foreign Investment
and Growth (Amsterdam, North-Holland, 1969), p.43.




- 222 -

In the previous chapterl we saw that the ratio

Y
2 Lg /
T gy =8 (6.9)
where: o is the elasticity of substitution between capital
and labour.

It follows that;

o =T (6.10)
Equation (6.9) may therefore be rewritten as;
Y 0 -1
Le (/) =cle|y (1=8)" |+olew (6.11)

Equation (6.11) is of the same form as the estimating equation

used in the previous chapter, i.e.
Y |
Lg (/) = a; +b; Lg (/) (6.12)

It follows that the coefficients, a and b (in equation 6.12), may be

interpreted as;

]

ay estimate of ¢ Lg l-yo (L -6 )_l:l

°1

The relationships expressed in equations (6.11) and (6.12) form

estimate of o.

1l

the basis for the estimates of the following section of this chapter.

Inter-Regional Differences in the Efficiency Parameter

Assuming that the distribution parameter (6) and the substitution
parame ter (o) are constant between regions, the logarithm of output per

; . 2
worker, in any region (j), may be expressed as;

1. Chapter Five, pp.l77-181.

2. From equation (6.11).
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Y -1 W
te (V) =ote[y, (1= ]+ o (). (6.13)
J J
This may be expanded as follows;
Y W
Lg (/). =00 lgy, -0 le (1-6) +o Lg (/). (6.14)
L J L’
and then rearranged to provide an expression for the efficiency parameter
in any region (Yj);

g (/) -o1e (/) +o01e(1-56)

Lg (Yj) = . = - (6.15)

Data for output per worker and earnings per worker are available
for the regions from the Census of Production.l Estimates of the
elasticity of substitution and, by implication, the substitution para-
meter were derived earlier.2 Without data on the distribution parameter
there are still two unknowns (y and &) in equation (6.15). If the
distribution parameter is constant between regions, it is possible to
obtain a solution for the efficiency parameters.

The logarithm of the efficiency parameter, for any region, when the
distribution parameter is a constant, may be expressed as;3

Y W
Lg ( /L). -0 Lg ( /L)j e (1 -

J
Lg (v ) = T + - (6.16)

Similarly for the U.K. as a whole the logarithm of the efficiency

parameter will equalj;

e (/) -0 18 (/)
UK
Lg (Y)UK = 71 = -

K . lﬁLi%—:Lﬁl (6.17)

1. Board of Trade, Report on the Census of Production 1963 (London,
H.M.S.0., 1970}, Part 133.

2. Chapter Five, pp.186-187.

3. Since s = T i ~ (6.10), it follows that op = 1 - o.



Subtraction of (6.17) from (6.16) yields;

(1 (’f/L>:j - L (Y/L>UK> - o (Lg ("/I)j -1 (/) )

Le (v3) - Lg (v)yg = g

let: 5 16 (/) = 16 (V) - Ls (Y/L)UK

%) W
2 1¢ () =18 (V) -1e (V)
L L, L
J 3 UK
Equation (6,18) may then be rewritten as;

r e (/) -on1e (V)

1e () - s < (6.19)

Given the assumption that the substitution and distribution parameters
are constant,l it is possible, given estimates of the elasticity of sub-
stitution and data on output, wages and employment in each region, to
estimate the value of the 'relative efficiency parameter! (Yj/iux) as
the anti-logarithm of the estimate obtained in (6.19).2

There is a less tortuous way of arriving at this result (equation
(6.19)), although it is correspondingly less rigorous. In the previous
chapter, it was shown that the ratio of the growth rates of average and
marginal products (wage rate) is equal to the value of the elasticity

of substitution;

a1g (/) =0a1e (V) (6.20)

Turning our attention to the determinants of the growth in average,

1. ACMS also make use of this assumption; K.J. Arrow et al, op.cit.,
Pp.233-6.

2. This is an interesting situation for it means that the assumption
that a parameter is of constant value, without actually specifying
at which value it is constant, is equivalent in outcome to being
able to specify its actual value.

L1 (6.18)
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and marginal, products, it is clear that they are related in some way

to the rates of technical progress and capital deepening. That is;

a1e (/) =atey+o, (a1e (7)) (6.21)

and,

a1g (V) =a1ey +o, (a1 (7)) (6.22)

il

Applying the 'chain-rule',l it follows from (6.20) and (6.22) that;

21e (/) s 1e (V) 2 1e (V)
e () s 1e (V) s 1e (/)

=00, (6.23)

Equation (6.23) may be substituted into (6.21) and rearranged, to yield;

d1gy =d 1g (*/,) - oo, (d Lg /) (6.24)

From equation (6.22) we see that;

]

0, (a1g (/) =a1e (/) -d1gy

Substitution of the above into equation (6.24) gives;
Y W
dlgy=a1g (/) -0 (a1e (/) -dLley)
This may be simplified to yield;

Y W
dLgy::dLg(/L) dLg(/ﬁ (6.25)

l-o0

If the variables in equation (6.25) are treated, not as rates of
growth over time,2 but rather as differences in the logarithm of (Y/L)

between regions at a point in time,3 equation (6.25) immediately becomes

1. R.C.D. Allen, Mathematical Analysis for Economists (London, Macmillan,
1938), p.298f.

2. ice. alg (/) =1e (/) -1e(Y/),

3. deen b 1g (Y1) = 16 (/) - e (/)
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equation (6,19), i.e.;

A Lg (Y/L). -0 A Lg (V/L)
3 d

Alg = T (6.19)

Equation (6.19) makes explicit use of the fact that if the elas-
ticity of substitution (o) is not equal to unity, capital deepening
will effect average and marginal products differently. This may be
used to isolate the 'deepening component' of productivity differences
and, given that technical progress is Hicks neutral, enable the rate
of technical progress to be calculated as a residual. If the production
function is Cobb-Douglas in form, the rates of growth in the average and
marginal products will be identical (i.e. d Lg (Y/L) =d Lg (?/L));
hence knowledge of these two rates of growth is not sufficient to
determine the rate of capital deepening.

It is of particular interest that this approach enables an evaluation
of the source of inter-regional differences, at a point in time, The
model, and its counterpart the Cobb-Douglas production function, have
usually been restricted to examining the sources of productivity differ-
ences over time, There is no reason in principle, why models of
'economic growth' should not be seen as relevant to the 'cross-sectional!
situation, especially given the existing deficiency of consistent
regional data over any length of time.1 Surely it is as interesting
and important to understand the sources of differences in regional
productivity at a point in time, as it is to understand the sources of

productivity growth, in any given region, over time.

1. Olsen's analysis in particular suffers from a paucity of observations
for each region; but could well be carried out on an inter-regional
basis with the data he has available. E. Olsen, op.cit., pp.103-160.
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Estimates of the Relative Efficiency Parameter for Regional Manufacturing
in the years 1958 and 1963.

It has been demonstrated above that the efficiency parameter in each

region, relative to the nation, may be calculated as;

A Ig <Y/L>j - o 1g (/)

i
T (6.19)

'Y-
1g (—4) =
YUK

Data for output per worker and average earnings is available for
1958 and 1963, and is reported in the Appendix to this chapter, Table
6.A1, The estimates of the elasticity of substitution, derived in
Chapter Five, are;l |

~

1958:

Q
l

~

1963: ¢ = 1.089

"

Table 6.1 reports the estimates of the Relative Efficiency Parameter
calculated under the assumption of constant returns to scale for the
manufacturing sector of the regions in 1958 and 1963, using the formula
presented in equation (6.19).

As a comparison Table 6.2 reports indices of labour productivity
in the manufacturing sector of the regions, in 1958 and 1963.2 Wales
is perhaps the most interesting region, with labour productivity well
above average in both years, but presenting evidence of an efficiency
parameter which is well below average. This implies that the level,
and/or effectiveness, of the capital stock is relatively high in this

region.3 The reverse appears to be the case with the West Midlands

1. Chapter Five, p.186.
2. U.K. = 1.000.
3. Support for this hypothesis may be found in E., Nevin, A.R. Roe and

J.I. Round, The Structure of the Welsh Economy, Welsh Economic
Studies, No.4 (Cardiff, University of Wales Press, 1966), pp.2-6.
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Table 6.1

Estimates of the Relative Efficiency Parameter in the Manufacturing
Sector of U.K. Regions: 1958 and 19631

Region | 1958 | 1963

N 0.937 | 0.668
YH 0.939 | 1.180
EM 1.600 | 1.120
EA 0.863 | 0.540
SE 1.080 | 0.817
SW 1.010 | 0.885
WM 1.270 | 2.340
NW 0.922 | 1.030
W

0.786 | 0.632

(€3]

0.942 | 0.668

=i

1.030 | 0.935

UK 1.000 | 1.000

1. Calculated using equation (6.19) from the data reported in
Appendix Table 6.Al.
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Table 6.2

Indices of Labour Productivity in Manufacturing:l 1958 and 19632

Region | 1958 | 1963

N 1.090 | 1.050

YH 0.945 | 0.915

&3]
=

0.928 | 0.912
EA 0.975 | 0.992
1.079 § 1.105
1.000 | 1.022
0.970 | 0.960

0.943 | 0.963

= E 28 8B

1,182 11.135

w

0.965 | 0.978

=i

0.678 | 0.760

UK 1.000 | 1.000

/)
l. Index = —§———i
(*/,)

UK

2. Calculated from data in Appendix Table 6.Al.
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region which has efficiency parameters well above average, but labour
productivity which is a little below average. The rank correlation
coefficient between the values of the Relative Efficiency Parameter and
the labour productivity indices in 1958, is =0.400; a value which is
not significantly less than zero at the 5 per cent confidence level.
For 1963, the rank correlation coefficient is -0.650, which is signifi-
cantly different from zero at the 5 per cent confidence level.1

It appears that whilst there are significant differences in the
magnitude of the efficiency parameter between regions, differences in
this parameter are being offset by differences in the level and effect-
iveness of capital per worker.

A transformation of equation (6.2) into logarithms, yields an
expression for the logarithm of labour productivity in each regionj

e (/) =levyy -, 1efs (/7 + (-0 (6.26)
J L J

Similarly, for the nation;2
4 i i K -
g (/.) =1lgvy -7/ Lgls (/)P + (1 -5) (6.27)
Lok W Y

Subtraction of (6.27) from (6.26) yields;’

v 1g (/) =8 Tgv, + s g (o(/}) ) (6.28)
J J

heres; A , = -
L Lg Y Lg Y Le vyx

1. The coefficient of rank correlation between the estimates in 1958
and 1963 is +0.640, which is significant at the 5 per cent level.

2. Retaining the assumption that the substitution and distribution
parameters are constant between regions.

3. Since the substitution and efficiency parameters are assumed to be
constant, the source of differences in the last term on the R.H.S.
of equation (6.22) will be that of variations in the capital-labour
ratio itself.
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16 (o)) - Y, 18 is(K/I);p ca-a] .

Y e s/ -8
p UK

- B

The last term on the R.H.S. of equation (6.28) expresses the
relative importance of differences in the capital-labour ratio between
regions, as a source of differences in labour productivity. Since we
have estimates of (A Lg (¥/L)j)’ reported in Table 6.2, and estimates
of (A Lg yj), reported in Table 6.1, the last term on the R.H.S. of

equation (6.28) may be calculated as;

b 1g (4(7/) ) = s 1e (/) - s1e v, (6.23)
J J

Since equation (6.28) is explicitly expressed in the form of
deviations from the national average, it is possible to ascertain the
importance of the terms on the R.H.S. of that equation in determining
differences in labour productivity between regions. Squaring both
sides of equation (6.22) and summing over regions, yields an expression
for the inner product of productivity differences in terms of its

1
sources;
4 2 2 K 2
(e (/) )7 =5 (a1ev )+ (o 1g (6(7/) N +
J J (6.29)

2 5 (s g v,)(a Le <¢<K/L>j>)

Equation (6.29) decomposes the variation in the logarithm of labour
productivity between regions into three components; that part which is
due to differences in the efficiency parameter between regions; that

part which is due to differences in capital intensity; and that part

1. The method for the decomposition of the inner product has been
discussed in Chapter One, pp.10-14, and Chapter Four, pp. 156-159.
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due to the interaction between these factors.l

The results of these calculations are reported in Table 6.3, for
the years 1958 and 1963. In both years, differences in capital
intensity were more important than differences in the efficiency para-
meters in determining variations in labour productivity between the
regions. The residual, or interaction, term is quite high in both
years. Perhaps more important than its size is the negative sign of
this term, indicating that differences in capital intensity tend to
offset, or more than offset, differences in the efficiency parameter
between the regions.

It must be emphasised that these results depend crucially upon
the assumption that the efficiency parameter does not vary systematically
with the wage rate.2 If in fact it does, then part of the contribution
of the efficiency parameter to labour productivity, will be reflected in
the magnitude of the estimated elasticity of substitution and thus
included in the contribution of capital deepening. In short, the
analysis presented above is likely to underestimate the contribution of
'efficiency' differences to productivity differences, although the
relative magnitudes of the efficiency parameters should be a reasonable
approximation.

An additional defect of the analysis presented above, is that it
is premised on the assumption of constant returns to scale. It may be
that this factor is an important source of inter-regional differences

in labour productivity.

1. This will also include a random component.

2. Chapter Five, pp.183-4.
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Table 6.3
Components of Inter-Regional Differences in Labour Productivity:

1958 and 1963

Component 1958| 1963

g (s Ig yj)z 0.154| 1.738

z K 2
; (aLg (o /L)j)) 0.451] 2,123

Residual

(Interaction) -0.396 |-3.740

5 Y, o2
; (a Le ( /L);.) 0.209| 0.121
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The C.E.S. Production Function with an Allowance for Increasing Returns
to Scale.

If returns to scale are not constant the CES Production Function

will take the form;l
X
Y=y [cx"’ o+ (3 i) L"’] g (6.30)

where: v = homogeneity parameter.
Differentiation of equation (6.30) with respect to labour yields
an expression for the marginal product of labour (assumed to equal the

wage rate);

X

=v y(1l - 8) i [5K~p +(1-29) L-p] ; (6.31)

|

W=a

| o

Substitution of (6.30) into (6.31) yields;

-1
v a i gy [ax"’ + (15%9) L'°:| (6.32)
From equation (6.30) we also find that;
o/ o/ =1
5 5 ¥ Y ¥ =[6K-p + (1 - 6) L-p] (6033)
Equation (6.32) may therefore be rewritten as;
+/ e/
vew (Rl T g Y (6.34)
Multiplying both sides by (YP) gives;
7 /
- P
pr - v (1 & 6) L—(1+0) Y1+O Y v (6.35)
Rearranging and dividing both sides by Y yields;
£/ (°/ )=0
ves Nfaw) (CALYE 277 (6.36)

1, M, Brown and J. de Cani, op.,cit.; M. Brown, op.cit., pp.45-60;
J.M. Katz, op.cit., pp.70-3; J.M. Katz, "Verdoorn Effects', Returns
to Scale and the elasticity of factor substitution", Oxford Economic
Papers, Vol.20, 1968, pp.343-353; P.J. Dhrymes, "Some Extensions and
Tests for the CES Class of Production Functions", Review of Economics
and Statistics, Vol.47, 1965, pp.357-366.
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It follows that;
P

/ o
(/¥ =y Vv (1= o) () (6.37)
Now;
1 -
o=, =01 -7 = p(JL:;AL)
Teking logarithms of equation (6.37) and dividing through by

(l + p) gives;

p
Lg(Y/L>=lipLg[v V(x-é)'lv'l}lipng+<3-;L;><";1> ?gar)
6.38

1
1+ 9p

Since ( ) is equal to the elasticity of substitution (equation

(6.10)), the above may be rewritten as;l

R
Lg(Y/L)=ch[y v(l—d)—l v-l:l+ong+£—l—-——°Mv—_—l)-LgY (6.39)

v
The efficiency parameter (Yj) for any region may therefore be

2
expressed as;

(1-o0)(v-1) Le Y.
M J+LSV+LM(6.40)
°/

Lg ‘Y/I)j - o Lgwy -

Lg Yy = o Q/v ]
In the previous section of this chapter the national efficiency
parameter was taken as the base for the measurement of the relative
efficiency parameter for each region, This approach cannot be adopted
in the present section owing to the appearance of the scale term (Lg Yj)

in equation (6.40). If the national parameter were taken as the base,

the 'scale deflator' would be;

1 -0)(v-1)
{ = (Lg Y, - Lg )

1. This is equivalent to the estimating equation (5.16) used in the
previous chapter.

2. The assumption that the distribution, substitution and homogeneity
paramenters do not differ between regions, is maintained.



Since the nation is the aggregate of all regions, this expression is

always negative. This would result in extremely high values of the
relative efficiency parameter for all regions. To counter this effect
the mean of all regions is taken as the relevant benchmark, Sub-
traction of the 'mean' efficiency parameter from the efficiency
parameter for each region, assuming that the distribution parameter is
identical in all regiomns, will yield;1

r1g (/) -on1g (V)

o al
lg vy~ Llg vy = A5, -(v-1) gy,  (6.41)
v

where: A Lg (Y/L)_
J

ug (/) - 1e (/)
J : &

]

» e <“/L>j Le (Y/I)J - 16 (/)

A Lg Yj = Lg Yj - Lg Yx
The use of regional means facilitates the calculation of an
'Ad justed Relative Efficiency Parameter',2 for each region.
Estimates of the elasticity of substitution and the degree of

returns to scale were reported in Chapter Five, for the years 1958 and

1963.3 These were;
1958: ¢ = 1.439
v = 1,060
1963: o = 1,221
v = 1.125

1, Where the (x) subscript indicates the mean value for all regions.

2, 'Adjusted' for the effects of increasing returns to scale.

3. Chapter Five, p.194.



Table 6.4 reports estimates of the adjusted efficiency parameter

for each region (relstive to the mean values for all regions) in 1958
and 1963, using the estimates of the production function parameters
reported above. Again there is little gssociation between the
estimates of the efficiency parameters and labour productivity indices,
in each year. The coefficients of rank correlation between the
estimates of the adjusted relative efficiency parameters and produc-
tivity indices in 1958 and 1963, are -0.150 and -0.452 respectively.l’ .
As was the case with the constant returns formulation, it is
possible to estimate the importance of the different sources of produc-
tivity growth, as determinants of variations in labour productivity

between regions. The deviation of the logarithm of labour productivity

in any region (j) from the mean of all regions, may be expressed as;

b 1g (/) =0 legvy+a 1e (/) ) +se Le (1) (6.42)
J J

where: g = elasticity of labour productivity with respect
to output.3
The second term on the R,H.S. of equation (6.42), which measures

the effect of differences in capital intensity, is calculated as;
K Y
ALg W(/.))=01g (/) -2 Lg(y), -2g Lg (Y),
L j L 3 J J

Squaring both sides of equation (6.37) and summing over regions

1. Neither is significantly different from zero at the 5 per cent
confidence limit,

2. The rank correlation coefficient between the estimates reported in
Table 6.1, and Table 6.4 are; 0,985 in 1958, and 0.970 in 1963.

3, From equation (6.33) it will be seen that;

a-0)(v-1)

v

g:
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Table 6.4‘

Estimates of the Relative Efficiency Parameter in each Region
with Adjustments for Returns to Scale: 1958 and 19631

Region | 1958 | 1963
N 0.991 | 0.931
YH 0.934 { 1.040
EM 1.050 { 1.060
EA 0.969 | 0.895
SE 1.010 | 0.828
SW 1,050 | 1.070
WM 1.180 | 1.470
Nw 0.913 | 0.946
W 0.907 | 0.970
S 0.943 | 0.832
NI 1.040 | 1.040

1. Calculated using equation (6.41),

Table 6.Al.

from the data in Appendix



yields an expression for the total sum of squares in labour productivity;

Zate (/) )¥=2(r1e )2+ (s1e W) N2+ (he g (1).)2 + R
J L j J J J L j J J
(6.43)
where: R = interaction terms (co-variances) together with
a random component,

The components of the total sum of squares in labour productivity
are reported, for 1958 and 1963, in Table 6.5. It appears that
differences in the scale of output account for a very small part of the
differences in labour productivity between regions. Differences in
capital intensity between regions remains the major single source of
differences in labour productivity between the regions.

Regional Efficiency Parameters and the Doctrine of General Locational
Disadvantage

It is clear from the form of the CES Production Function that the
efficiency parameter (y) determines the 'position', or distance from the
origin in the production surface, of a representative isoquant for each

region. If we compare the CES function

Y=y ESK"’ + (1 - 8) L"’] -l/p (6.1)

with the Cobb-Douglas function,
Y = akPr” (6.44)
it is easily seen that the efficiency parameter (y), in the CES Function,
performs a role analogous to that of the 'technological parameter' (A),
in the Cobb-Douglas Function.1 Expressed in terms of labour productivity

rather than output, we find for the CES function that;

1. C.E. Ferguson, The Neoclassical Theory of Production and Distribution,
(Cembridge, C.U.P., 1969), p.103; D. Heathfield, op.cit., p.56, and
M. Brown, op.cit., p.54.
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Table 6.5

Decomposition of the Total Sum of Squaresof the Logarithm of

Labour Productivity: 1958 and 1963

Component 1958 1963
3 (A Lg yj)z 0.066 | 0.242
3 (A Lg (q,(K/L)J.))2 0.352 | 0.484
T 2
3 (A g Lg (Y)j) 0.002 | 0.010
R -0.220 | -0.616
z Y 2
3 (s Le ( /L)j) 0,198 | 0.110




w BEL

_¥/
Y K/, \v= + (1 -
/= [e®rper G=o] % (6.45)
Inter-regional differences in the efficiency parameter will be

reflected, ceteris paribus, in inter-regional differences in labour

productivity.

In this section of the chapter it will be argued that differences
in the efficiency parameter between regions, reflect the general
environment of production within each region. To the extent that
there are ", . . significant differences between the economy of a
region . , . and the whole of the United Kingdom as environments of
manufacturing industries . . .",l these differences should be reflected
in the magnitude of the regional efficiency parameters.

The notion that the 'efficiency' of production is relatively lower
in the peripheral regions,2 and that this in turn reflects general or
locational disadvantages specific to that region, will be referred to
as 'the doctrine of inherent, or locational, disadvantage'.3 This
doctrine has had an important influence upon economic policy, in that

the application of the 'Regional Employment Premium' presumably reflects

at least in part, this notion.4

1. P.E. Hart amd A.I. MacBean, "Regional Differences in Productivity,
Profitability and Growth: A Pilot Study", Scottish Journal of Political
Economy, Vol.8, 1961, pp.l-1l.

2. In particular: Northern Ireland, Scotland, Wales and the North.
Although these do not correspond exactly with the 'development areas'.

3. A stimulating discussion of these views may be found in: G. McCrone,
Regional Policy in Britain (London, George Allen and Unwin, 1969),
pp.169-180; G. McCrone, "The Location of Economic Activity in the
United Kingdom", Urbsn Studies, Vol.9, 1972, pp.369-375.

4, Department of Economic Affairs and H.M. Treasury, The Development Areas:
A Proposal for a Regional Employment Premium (London, H.M.S.0., 1967);
A.J. Brown, H. Lind and J. Bowers, "The 'Green Paper' on the Develop-
ment Areas", National Institute Economic Review, No.40, 1967, pp.26-33;
N. Kaldor, "The Case for Regional Policies", Scottish Journal of
Political Economy, Vol.l7, 1970, pp.337-348.
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Specific references to the doctrine of locational disadvantage are
often found, not in studies explicitly of a 'production function' genre,
but rather in 'Shift and Share' analyses.1 It is often claimed for
example that, ", . . the generally poorer industry-by-industry perform-
ance [;is-i-vis employmen t growt§7of the development areas in comparison
with the country as a whole reflects general locational disadvantages . . .".2

General locational disadvantages may reflect many factors including
perhaps climate, transport costs, labour quality, managerial ability, the
age and quality of capital equipment, and many oth.ers.3 Provided that
these factors do not vary systematically with the wage rate between
regions, the estimates of the efficiency parameters derived above, should
refglct the operation of these factors within the regions.

Referring to the estimates of the 'relative efficiency parameter',
reported in Table 6.1, it will be seen that there is some evidence that
the peripheral regions (N, W, S and NI) do exhibit relatively low
efficiency parameters. Similarly as inspection of the estimates of
the 'adjusted efficiency parameter', reported in Table 6.4, indicates

that even when returns to scale are taken into account, the peripheral

1. A.J. Brown et al, op.cit., passim; A.J. Brown, "Surveys of Applied
Economics: Regional Economics, with Special Reference to the United
Kingdom", Economic Journal, Vol.79, 1969, pp.T765-768; T.W. Buck,
"Shift and Share Analysis - A Guide to Regional Policy?", Regional
Studies, Vol.4, 1970, pp.445-450; F.J.B. Stilwell, "Further Thoughts
on the Shift and Share Approach", Regional Studies, Vol.4, 1970,
Pp.451-458; G. McCrone, op.cit., pp.169-180.

2. A.J. Brown et al, "The 'Green Paper' on the Development Areas",
National Institute Economic Review, No.40, 1967, p.29.

3. P. Hart and A.I. MacBean, op.cit., p.2. Their analysis has been
critically discussed in R.L. Smyth, "A Note on Regional Differences
in Productivity, Profitability and Growth", Scottish Journal of
Political Economy, Vol.8, 1961, pp.246-250; G. Fisher, "Further
Calculations on Regional Differences in Profitability and Growth",
Scottish Journal of Political Economy, Vol.9, 1962, pp.l147-158.




regions (with the exception of Northern Ireland) continue to exhibit a

relatively low estimate of the efficiency parameter, This is particu-
larly true of Scotland.

It is also of interest to consider how other regions, in particular
the 'intermediate areas',l fare in this regard. If returns to scale
are disregarded, the NW, YH and the SW show a relatively low efficiency
parameter in only one, of the two years studied.2 If returns to scale
are included explicitly in the analysis, as in the case with the
estimates reported in Table 6.4, the South West exhibits an above
average efficiency parameter in both years. Yorkshire and Humberside
remains below average in one year and above average in the other, The
North West, on the other hand, exhibits an efficiency parameter which
is well below average in both years. There is little to distinguish
between regions which are representative of the development aeas, and
the intermediate areas, in this regard. Taken together, most of these
regions tend to exhibit 'low' efficiency parameters relative to the
average. This is not to say that the causes, or effects, of the
relatively low efficiency parameter may not differ between the two
regional groupings, or even between regions within a given grouping.
This result would seem to indicate the need for a flexible regional
policy consisting of a spectrum of policy instruments, rather than a

rigidly discriminatory policy based upon only two or three regional

1. In particular, North West, Yorkshire and Humberside, and the South
West. Department of Economic Affairs, The Intermediate Areas:
Report of a Committee under the Chairmanship of Sir Joseph Hunt,
Cmnd.3998 (London, H.M.S.0., 1969), p.l.

2. The estimates are reported in Table 6,1.
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groupings.l

Some idea of the relationship between the 'differential' ('rate')
component of Shift-Share studies, and the relative levels of the
efficiency parameter for each region, may also be established. In
Chapter Three one measure2 of the differential, or rate, component of
employment growth was discussed, and estimates of this component were
reported for each industry in each region, over the period 1958 to

1963.°

The estimates totals of this component for each region are
reported in Table 6.6, To the extent that the sign and magnitude of
the differential component reflects general locational factors, we
would expect to find some association between the values of the
differential component between regions, and the corresponding values
of the regional efficiency parameters. The particular hypothesis to
be considered is, that there is a positive rank correlation between
the regional ordering of the estimated efficiency parameters in 1958
and the ordering of regions according to the magnitude of the
differential component of their employment growth over the period.4

Neither of the estimates of the efficiency parameter, reported in

Tables 6.1 and 6.4, are positively correlated with the differential

1. A.J. Brown, 'Note of Dissent', in Department of Economic Affairs,
The Intermediate Areas, op.cit., pp.155-165; H.W. Richardson, "The
Hunt Report", Yorkshire Bulletin of Economic and Social Research,
Vol.22, 1970, pp.54-64.

2. There are a number of alternative measures depending upon the weighting
system used. The estimates referred to in Chapter Three used regional

weights in the calculation of the differential component.

3. The estimation procedure is discussed in Chapter Three, pp.90-93, and
the results are reported in an Appendix to that chapter, Table 3.A2.

We are interested only in the total for each region,

4. Both ranked from highest to lowest.
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Table 6.6

The Differential Component of Regional Employment Grow th:
1958-19631

Region | Component
N -0.57
YH 0.26
EM 0.33
EA 2.26
SE 0.21
SW 0.05
WM 0.00
NW -0.70
W 0.72
S ~-1.14
NI 0.95

1. Source: Chapter Three, Appendix Table 3.A2.



component of employment growth. The coefficient of rank correlation
using the Relative Efficiency Parameters (Table 6.1) is -0.090; using
the Adjusted Relative Efficiency Parameters (Table 6.4), it is -0,014.
Neither of these coefficients differs significantly from zero. It is
interesting to note, that those regions which exhibited a negative
differential component over the period1 also exhibited an efficiency
parameter which was below average. To this extent at least, general
locational disadvantage appears to be associated with the differential

component of employment growth.2

Conclusion

An attempt has been made to demonstrate that economic models which
are usually contemplated in the context of change through time, may
also be applied to the analysis of regional differences at a point in
time, The relationship between regional efficiency parameters and
labour productivities has been elucidated with the aid of the CES
production function. The relationship between regional variations in
efficiency (and thus labour productivity) and employment growth has
been touched upon, but this is properly the subject of a separate

chapter.

1. That is: North, North West, and Scotland.

2. Alternative estimates of the differential (rate) component, for each
region, are discussed in Chapter Seven. The above conclusions are
also applicable to the alternative measures.
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Appendix Table 6.A1

Output per Worker and Average Earnings in the Manufacturing Sector
of U.K. Regions: 1958 and 1963. (&'s).

Net Output per Workerl Average Earnings2
{ Region

1958 1963 1958 1963
N 1095 1425 597 725
YH 955 1245 538 670
EM 937 1240 546 665
EA 985 1345 540 675
SE 1090 1495 615 770
SW 1010 1390 571 725
WM 980 1305 590 741
NW 953 1310 540 695
W 1195 1540 615 775
S 915 1350 547 680
NI 685 1035 427 556
UK 1010 1362 573 718

1. Net Output in each region divided by total employment.

2. Total wages and salaries divided by total employment.

Source: Board of Trade, Report on the Census of Production 1963, (London,
H.M.S.0., 1970), Part 133, p.6f.




Chapter Seven

The Proximate Determinants of Employment Growth
in Regional Manufacturing

The concern of this chapter is with explaining the determination
of regional employment growth. This is of particular interest since
variations in regional unemployment rates are directly related to the
growth of labour demand, together with the growth of the regional work
force.

In the first section of the chapter a 'shift-share' analysis of
employment growth is undertaken. This facilitates an assessment of
the relative importance of changes in the composition, rather than in
the level, of output as a determinant of employment growth. The
remaining sections of the chapter adopt a macroeconomic viewpoint,
concentrating directly upon explanatory relationships derived from the

mainstream of economic theory.

Shift and Share Analyses of Employment Growth

Shift and Share studies of employment growth attempt to isolate at
least two components of regional, vis-8-vis national, growth rates.
These may be referred to as the 'rate' (differential growth) component,
and the 'composition! (mix) component.1 The rate component indicates
that regional employment may grow faster than national employment, even
if it possesses the same industrial structure as the nation, because

employment in each industry expands at different rates between regions.

1. In this chapter we will adopt the self-explanatory nomenclature of
Harris and Thirlwall. See C.P. Harris and A.P. Thirlwall, "Inter-
regional Variations in Cyclical Sensitivity to Unemployment in the
U.K. 1949-1964", Bulletin of the Oxford University Institute of

Economics and Statistics, Vol.30, 1968, pp.55-66.
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Alternatively, industries may grow at the same rate in all regions but,
depending upon the proportion of each region's work force engaged in
each activity, these individual rates of growth will imply differing
rates of growth in the aggregate.l It is possible to derive a number
of alternative measures of these components.

For each region (j), total employment will equal the sum of employ-

ment in each of the industries (i) in that region;

L, = FLs 5 (7.1)

where: Lij = employment in industry (i) in region j;
Lj = total employment in region j.
Similarly for the nation (all regions taken together);

o e _ X
L=l =30, = 53k (7.2)
where: L = total national employment;
L, = total employment in industry ().

The ratio of regional to national employment in any period will equal;
z

L. iLi'
El = —Z—‘l (7-3)
iy

Totally differentiating equation (7.3) yields an expression for

the change in the ratio of regional to national employment;

. 1_ M50
A =0T - FT T (7.4)

Dividing both sides by the ratio of regional to national employment,

yields an expression for the relative rates of employment growth;2

1. Cf. the discussion in Chapter Three, pp.90-93.

L; . L.
2. Multiplying each of the terms on the L.H.S. by E_J and Ll,

respectively. iJ



A (%i)

I Yo T W T R
T i L,. L, i .
J 1) J i

i 4
L

AL.
SR
L,

o=

AL, L.
> (7.5)

t*Lf*

Equation (7.5), which expresses the difference in the aggregate
growth rates in terms of differences in the weighted sums of the

industry growth rates, is the basic starting point of a shift-share

enalysis.
5 ALi Li
If we arbitrarily add and subtract the term i'-i—"-ii from the
i

R.H.S. of equation (7.5), we find (after rearrangement) that;

AL . L; ., AL AL, AL, L,. L

_.1_.4\_1_1=2__i.1(___1k‘1_._1)+2._1(_1.1__1) (7.6)

L L iL, L. . L, i L, L, L °
J J 1J R 1 J

This is the expression for relative employment growth used by
Perloff1 and his associates, and Thirlwall.2 The first term on the
R.H.S. of equation (7.6) is a measure of the 'rate! (differential
growth) component, and the second term is a measure of the 'composition!
(mix) component.

These components of employment growth were calculated for the
manufacturing sector in each region, over the period 1958 to 1963.3
The components are reported in Table 7.1.4 It is possible, using the

technique for the 'evaluation of inner products', to obtain some idea

of the importance of these components as determinants of inter-regional

1. H.S. Perloff et al, Regions, Resources and Economic Growth (Baltimore,
John Hopkins Press, 19605, P.71n.

2. A.P. Thirlwall, "A Measure of the Proper Distribution of Industry",
0xford Economic Papers, Vol.,1l9, 1967, pp.46-58.

3. Data refers to the SIC order level, Board of Trade, Report on the
Census of Production 1963 (London, H.M.S.0., 1970), part 133.

4. The components are measured as annual average rates of growth.
Base year weights are applied throughout.




Estimates of the Composition and Rate Components of Employment
Growth, U.K. Regions: 1958-19631

Region Comgzzznt ggﬁg?iiiion THEAL
N -0.57 -0.53 -1.10
YH 0.26 -0.66 -0.40
EM 0.33 -0.23 0.10
EA 2.26 1.14 3.40
SE 0.21 0.19 0.40
Sw 0.05 0.05 0.10
WM 0.00 0.50 0.50
NW -0.70 -0.20 -0.90
W 0.72 0.38 1,10
S -1.14 -0.46 -1.60
NI 0.95 -1.85 -0.90

1. Estimated from equation (7.6)

Lo ALy ALy
_ o ij ij i
2. Rate component = I T L.)
J 1J 1
T ALi Li' L1
3. Composition component = —Z; (ETA _-i—)




differences in employment growth.

Equation (7.6) may be rewritten as follows;

A% . = RRC, + NCC, .
3 f‘, 3 (11
AL,
where: AL. = —d - 'AL";
J L, L
J
RRC = Rate component estimated using regional weights;

NCC

Squaring both sides of equation (7.7) and summing over regions,
yields an expression for the total sum of squares of regional growth

rates of employment;

z SR 2y 2
. (AL =7 RCG, + 7, NCC.,” + R 8
where: R, = interaction and random components.

3

The values for each of the terms in equation (7.8) were calculated
from the data contained in Table 7.1, and are reported in Table 7.2.
The results indicate that inter-regional differences in the growth rates
of individual industries are the major source of differences in the rate
of aggregate employment growth between regions.

It should be noted however, that equation (7.6) was derived quite
arbitrarily from equation (7.5). Instead of introducing the term

Ale' L AL

5 h Fi

£ 3. -3'-‘.1) we could add and subtract X. 4.4 from the R.H.S. of
J Li L 3 Lij L

equation (7.5). This will yield an alternative expression for the rate

and composition effects;l

L. Lo<AL,. " AL AL, L, L
e_J_Aé:Z_L(__li o=dy o b Ad cdd 4y (7.9)
Lj s T T Lij Li - i Lij Lj L :

This expression is similar to equation (7.6), except that national

1. N.J. Cunningham, "A Note on the 'Proper Distribution of Industry'",
Oxford Economic Papers, Vol.2l, 1969, pp.l22-127.

Composition component estimated using national weights.




Source of Inter-Regional Differences in Employment Growth Rates:

1958-19631

Source of | Sum of Proportion
Variation | Squares | of TSS (%)
z 2

3 RRC 8.87 47.5

z

; noc? 6.18 33.0
Residual 3.70 19.5

g (Azj)2 18.75 100.0

1. Calculated from equation (7.8) using the (mixed weight) estimates
reported in Table 7.1.




weights are now used to calculate the 'rate' effect, and regional

weights are used to calculate the 'composition' effect. The values
of the rate and composition effects for the period 1958-1963, using
this alternative weighting system, are reported in Table 7.3. The
extreme values for East Anglia are due mainly to the rapid growth of
employment in Vehicles (SIC VIII) in that region. Similarly the
estimate for the West Midlands reflects the expansion of Shipbuilding
and Marine Engineering (%) in that region.l A comparison between
Tables 7.1 and 7.3 reveals striking dissimilarities in the estimates
of the rate and composition effects. These dissimilarities arise
solely from the use of alternative weighting systems.

The contribution of the rate and composition effects to inter-
regional differences in employment growth, may be assessed in a manner
analogous to that conducted earlier.

Equation (7.9) may be rewritten as;

A% . = NRC, + RCC, 7.10
J J J ( )

where: NRC = Rate Component calculated using national weights;

RCC

Composition Component calculated using regional
weights.

Squaring both sides of equation (7.10) and summing over regions,
yields an expression for the total sum of squares of regional growth;

Iveel+Zrecl 4 (7.11)

I 2
J (Alj) eh Jj J Jj 2

The sources of inter-regional differences in aggregate employment

growth, using this method of computation, are reported in Table 7.4.

1. A.J. Brown, "Surveys of Applied Economics: Regional Economics, with

Special Reference to the United Kingdom", Economic Journal, Vol,79,
1969, p.780.




Alternative Estimates of the Composition and Rate Componen ts
of Employment Growth, U.K. Regions: 1958-19631
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Table 7.3

Region | gopponont? | Gonponents | T0H43
N 0.23 -1.33 -1.10
YH -0.06 -0.34 -0.40
EM 0.93 -0.83 0.10
EA 7.48 -4.08 3.40
SE 0.34 0.06 0.40
SwW 0.45 -0.35 0.10
Wi 1.06 -0.56 0.50
Nw 0.05 -0.95 -0.90
'} 1.70 -0.60 1.10
S -1.10 -0.50 -1.60
NI 1.34 -2.24 -0.90

1. Estimated from equation (7.9)

L. - Al .
L. i il
2, Rate Component = i1 ( Lij

3. Composition Component =

z

i

L

AU TOIUR
—a (Elﬂ - -

13 L

)
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Table 7.4

Sources of Inter-Regional Differences in Employment Growth Rates:
1958-1963

Source of | Sum of | Proportion
Variation | Squares | of TSS (%)
g NRCj2 64.21 354.0
Lrec.® | 26.19 | 138.0

J J

Residual | -71.65 -392.0

L (a2 | 18 100.0

3 Agj oD "

1. Calculated from equation (7.11) using the (alternative mixed weight)
estimates reported in Table 7.3.



Whilst the residual (interaction) term is large, the results are similar

to those for the alternative weighting system (Table 7.2), in that
differences in the growth rates of individual industries between regions
dominate over structural differences, as a source of variation in
aggregate employment growth,

It is clear, however, that the choice of weighting systems is
quite arbitrary and in addition the use of mixed weights (as in
equations (7.6) and (7.9)) introduces an element of inconsistency.
Several authors have shown that a consistent weighting system yields a
third component of employment growth, which may be of particular interest
in itself.l Applying regional weights to both the rate and composition
terms we find an alternative expression for the relative rate of aggregate

employment growth;

AL, L.. AL,. AL, AL.. L.. L,
i _AL _Z 7ij . —" I L _7ij (=dd _ 4y o
L. L i L, § g L, i By L L
dJ J 1J 1 1J J
s | ALy; ALy L. Ly
S Rt wiS puld o) (7.12)
1] S -

The interaction term (the last term on the R.H.S. of the above
equation) will reflect any correlation between rate and composition
differences.2

Table 7.5 reports the value of these components of relative employ-
ment growth for each region over the period 1958 to 1963. Only one

region, the South East, demonstrates positive values for both the rate

1. A.J. Brown, op.cit., p.766f; N.J. Cunningham, op.cit., pp.122-127;
C.P. Harris and A.P. Thirlwall, op.cit., p.56f; A.P. Thirlwall,
"Weighting Systems and Regional Analysis: A Reply to Mr. Cunningham",
Oxford Economic Papers, Vol.21, 1969, pp.128-133.

2. The interaction term is identical to Cunningham's 'rho!'.
N.J. Cunningham, op.cit., p.124.
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Table 7.5

Estimates of the Rate, Composition and Interaction Comgonents of
Employment Growth in U.K. Regions: 1958-1963

. Rate , [Compositign [ teraction
L Component™ | Component Co?p?nen§ Tonad
minus
N -0.57 -1.33 -0.80 -1.10
YH 0.26 -0.34 0.32 -0.40
EM 0.33 -0.83 -0.60 C.10
EA 2.26 -4,08 =5.22 3.40
SE 0.21 0.06 -0.13 -.40
SW 0.05 -0.35 -0.40 0.10
WM 0.00 -0.56 -1.06 0.50
NW -0.70 -0.95 -0.75 -0.90
W 0.72 -0.60 -0.98 1.10
S -1.14 -0.50 -0.04 -1.60
NI 0.95 -2.24 -0.39 -0.90

1. Estimated from equation (7.12), using regional weights.

2. Rate component =

3. Composition component =

4.

Interaction term =

z
i

g Lig (ALu ) ALi)
1T, VT "I
i i3 i
AL, . L..

=t R
7L, T
ij 73

by
)

AL ALk, L.. L
( Li:.' o L].L)(Ll.J ’fi):l

ij i

J



and composition components. Of those regions where the aggregate

relative employment growth was negative, three exhibit negative values
for the rate and composition components. Each region with a negative
total effect showed evidence of a negative, and sizeable, composition
component.

It is clear from the specification of the interaction term in
equation (7.12) that the sign, and magnitude, of this component may be
interpreted as a reflection of trends in regional specialisation.l
The interaction component will be negative if regions are tending to
expand faster in those industries in which they are least specialised,
vis-a-vis the nation. In other words, the interaction component will
be negative if there is some tendency for regional industrial structures
to converge. This has indeed been the case in most regions; as the
measures of specialisation change discussed earlier in the thesis
indicate.

It is possible to assess the importance of each of these components
in determining the variation in aggregate employment growth between
regions. Equation (7.12) may be rewritten as;

A% . = RRC, + RCC, = o . .1
3 p 3P (7.13)

where: 04 = interaction term in equation (7.12).

Squaring both sides of equation (7.13) and summing over regions,
yields an expression for the total sum of squares in regional employment
growth;

2 z 2 z 2

5 2
- ) =mrel+Zrecl+o 4 .1
g (82,)% =5 HRGS™ + 'y ROC," + 0 " + By (7.14)

l. N.J. Cunningham, op.cit., p.125; A.P. Thirlwall, op.cit., pp.129-131.

2. Chapter Two, pp.31-34.
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Estimates of these components are reported in Table 7.6. In this
formulation the importance of rate differences as a source of variation
in aggregate growth of employment, is very slight. The importance of
differences in industrial structure as a source of variation in employ-
ment growth is enhanced.

It has been argued that the interaction term, or 'joint particle',
should not be considered as a component of employment growth in its own
right, but rather should be assigned equally to the rate and composition
components.l This is especially desirable when the sources of inter-
regional differences in aggregate employment growth are being considered.

If the joint particle (in equation (7.12)) is distributed equally
between the rate and composition components, the new rate term (.J'RCJ,)

will become:

S TS PRSI I SR F's A )
mey =iz R E)ri|Gl-p)Es - (719
j ij i ij i

Expanding the last term on the R.H.S., equation (7.15) may be rewritten

as;
AL, AL L AL, AL, AL
P 5. W ¥ iy o4z dd (i) _ 4 DR S 5 R §
L L At At il S i 0l S s )
: 3 ij 1 J ij ij 1
Simplifying the above yields;
: Li' Li ALi. ALi
mey=dy | (G - (7.26)
3 ij i
This may be rewritten as;
; Li' Li ALi, ALi
- 1 (=il . L)y (—2d _ 1L

Assigning part of the joint particle to the rate component is

1. C.P., Harris and A.P. Thirlwall, op.cit., p.57; A.P. Thirlwall, op.cit.,
P.129.
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Table 7.6

Sources of Inter-Regional Differences in Employment Growth Rates:

1958-19631

Source of | Sum of | Proportion
Variation | Squares | of TSS (%)
b 2

. RRC . 8.8 "

j 3 7 47.5
Lree® | 26.19 138.0

J J

4 2

- 1, 169.4

j oJ 31.33 9
Residual | -47.64 -254.9

; (Agj)2 18.75 100.0

1, Estimated from equation (7.14), using estimates presented in
Table 7.5.
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therefore equivalent to calculating the rate component using the mean
of regional and national weights.1
If a similer operation is carried out on the composition component

of equation (7.12), we find that;

5 ALy ALy Lyy Iy
Jeey =3 (% ( oy )G - 1) (7.18)

The total difference between the regional and national growth rates

of aggregate employment becomes;

AL,
—d _aL_
T, " JRC 5 + JCC (7.19)

The estimates of each of these components for regional manufacturing
over the period 1958-1963, are presented in Table 7.7.

Since almost all of the interaction terms were negative, the sub-
traction of part of this term from the original rate components (the
majority of which are positive), tends to increase the size of the rate
component. Similarly, since most of the original composition components
were negative, the subtraction of negative interaction components results
in a reduction in the (absolute) size of the composition component.

These changes are reflected in the evaluation of the sources of
regional differences in employment growth. Squaring both sides of
equation (7.19) and summing over regions, yields an expression for the
total sum of squares of regional employment growth rates;

pX 2

T 2 X 2
(AL, =, JRC.” + . JCC.” + R 7.20
3 ( J) J J J J 4 ( )

The estimates of these components are reported in Table 7.8. If
these results are compared with those presented in Table 7.6 it is seen

that the assignment of the joint particle results in an increase in the

1. A.P. Thirlwall, op.cit., p.129.
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Table 7.7

Estimates of the Rate and Composition Componints of Regional
Employment Growth: 1958-1963

ROEL01 | Goppoment? | Component3 | P01
N -0.17 -0.93 -1.10
YH 0.10 -0.50 -0.40
EM 0.63 -0.53 0.10
EA 4.87 ~-1.47 3.40
SE 0.28 0.12 0.40
SwW 0.25 ~0.15 0.10
WM 0.53 -0.03 0.50
NW -0.33 -0.57 -0.90
w 1.21 -0.11 1.10
S -1.12 -0.48 -1.60
NI 1.14 -2.04 -0.90

1. Estimated from equation (7.19), assigning the joint-particle
equally between rate and composition components.

o[ Big o iy AL aL, |
2. Rate Component = %i (L. + ETQ(—izg - i;_)

g ALi. ALi Li. Li
3. Composition Component = %i (—E_J + —E-)C—EJ --i—)
13 i J
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Table 7.8

Sources of Inter-Regional Differences in Aﬁgregate Employment
Growth Rates: 1958-1963

Source of | Sum of | Proportion
Variation | Squares | of T3S (%)
5

jJchz 28.70 | 149.7
L2

.JCC . 8.%2 6.

3 j 3 46.9
Residual -18.27 -96.6
E(Azj)z 18.75 100.0

1. Calculated from equation (7.20) using the estimates reported in
Table 7.7
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importance of rate differences, over composition differences, as a source
of inter-regional differences in employment growth.

In concluding this section it must be emphasised that the analysis
has been confined to a relatively high level of industrial aggregation.
Since the results are likely to be sensitive to the level of aggregationl
the main conclusions of this study must be concerned with the techniques
of decomposition, rather than with the'specific estimates obtained for
particular regions.

It has been demonstrated that the use of different weighting schemes,
at times yields very different results. It has also been demonstrated
that the technique for the evaluation of inner-products may be usefully
combined with the shift and share equations. When this is done it is
apparent, in the majority of formulations, that the major source of
inter-regional differences in the rate of aggregate employment growth
lies in inter-regional differences in the growth rates of individual
industries, and not in differences in industrial structure between regions.

To some extent the size and importance of the composition component
is a measure of the 'aggregation problem', which would be present if an
analysis of employment growth were to neglect the influence of industrial
structure.2 The evidence of this section is that composition effects,
whilst not the most important source of employment differences, are
sizeable. In other words, an aggregation problem is likely to be

present if the analysis is conducted in entirely macroeconomic terms,

1, T.W. Buck, "Shift and Share Analysis - A Guide to Regional Policy?",
Regional Studies, Vol.4, 1970, pp.445-450,

2. B.F. Massell, " A Disaggregated View of Technical Change", Journal of
Political Economy, Vol.69, 1961, p.549f.
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without explicit reference to structural change.

A Macroeconomic View of Employment Growth

The major shortcoming of the Shift and Share analysis of employment
growth is, that it does not consider deterministic relationships derived
from the main body of economic theory. Rather, it is an exercise in
classification with little analytical content. In the following
sections of the chapter emphasis will be placed upon the economic deter-
minants of employment growth.

There are three propositions, or principles, which together shape
the analysis of employment growth. The first notion, which is both
ancient and respectable, is that the demand for labour is a derived demand
in that ". . . labour is a factor of production, and is thus demanded (as
a general rule) not because the work to be done is desired for and by
itself, but because it is to be used in the production of some other thing
which is directly desired."l

In an industrialised society the essential productive function of
labour lies in its complementary relationship with capital equipment:
labour is essentially used to 'man' capital. This is the second propos-
ition, which will become clearer as the analysis proceeds.

Finally, the demand for labour and the level of unemployment cannot
be completely understood without reference to the tools of economic
growth. As Domar says: "One does not have to be a Keynesian to believe
that employment is somehow dependent on national income, and that
national income has something to do with investment. But as soon as

investment comes in, growth cannot be left out, because for an individual

1. J.R. Hicks, The Theory of Wages (London, Macmillan, Second Edition
1963), p.l.




- 267 -

firm investment may mean more capital and less labour, but for the economy
as a whole (as a general case) investment means more capital and not less
labour. If both are to be properly employed, a growth of income must
take place."l

It is the aim of the remaining sections of the chapter to investigate
the major 'economic' determinants of the rate of growth of manufacturing
employment, in the regions of the U.K. over the period 1958 to 1968. The
main variables considered are Harrod's ". . . three fundamental elements,
viz. (1) man power (2) output or income per head and (3) quantity of
capital available."2 Structural change and the effect of the initial
industrial structure upon employment growth will be neglected. Since the
ultimate objective is to explain why the rate of unemployment in particular
regions increased or decreased over the period, the importance of structural
change in reducing the level of employment is not directly relevant. What
is relevant however is to explain why changes in the level of unemployment
due to composition effects, were not offset or reabsorbed by growth effects.
This is not to deny that the structural characteristics of the unemployed
may have an important bearing upon the extent of rea.bsorption.3 The mere
existence of a 'composition effect' does not, by itself, preclude a macro-
economic analysis of employment growth in the region as a whole.

It is implied in the above quotation from Domar, that once accumulation

1. E.D. Domar, "Capital Expansion, Rate of Growth and Employment",
Econometrica, Vol.l4, 1946, p.1l47.

2. R.F. Harrod, Towards a Dynamic Economics (London, Macmillan, 1948),
P.20,

3. For an analysis of regional unemployment in terms of ‘'structural' and
'‘demand-deficient' components see A.P. Thirlwall, "Types of Unemploy-
ment: with Special Reference to 'Non-Demand Deficient' Unemployment
in Great Britain", Scottish Journal of Political Economy, Vol.16, 1969,
Pp.20-49,
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and technical progress are present, growth in labour productivity takes
place. It is important to realise that output per worker (labour produc-
tivity) is simply the inverse of labour input per unit of output (unit
labour requirements). An increase in labour productivity necessarily
implies a decrease in unit labour requirements. To prevent a decline in
employment in an economy experiencing productivity growth, the level of
output must expand at least in proportion to the growth in labour produc-
tivity.

Given the above, the clearest formulation of the determinants of
employment growth may be developed either in terms of labour-output
relationships (the requirements approach), or in terms of labour-capital
relationships (the manning approach).

In terms of the labour requirements approach, the demand for labour
is viewed simply as being determined by the level of output, in conjunction

with the average product of labour. That is;

L=(L)O=1/AP 0 (7.21)
J 0 i3 Lj~3 ’
where: Lj = employment in region j;
Oj = output in region j;
APLj = Average Product of Labour in region j.

In terms of a Cobb-Douglas production function (with constant returns

to scale) this becomes;

21, -8
L. = A, . 0. 22
3 5 (xJ) 3 (7.22)

where: Aj technological parameter;

]

xj = capital-labour ratio;
Bj = elasticity of output with respect to capital.
Totally differentiating equation (7.21), and dividing through

by the level of employment, yields an expression for the rate of growth



of employment;

or;
2 = i 02
§omw - ¥ (7.23)
where: zj = rate of growth in employment;
gj = rate of growth in output;
rj = rate of growth in labour productivity.

In a sense, the model us 'demand driven' in that the rate of growth
of aggregate regional demand (and thus the rate of growth of output)
determines, via technical conditions, the rate of growth in labour
demand.1 The model is 'Keynesian' in that the rate of growth of the
demand for labour is the dependent variable.

Equation (7.23) is similar in form to Harrod's conception of the
'natural rate of growth' (gn) which he defines as, ". . . the maximum
rate of growth allowed by the increase of population, accumulation of
capital, technological improvement and the work-leisure preference
schedule, supposing that there is always full employment in some sense."2

Harrod's equation for the full-employment growth rate of output may be

1. In terms of the Cobb-Douglas production function, the rate of growth
in employment may be expressed as;

8. ~-B.k. - a,
o e Sl (7.24)
J “j

rate of growth in capital stock;
elasticity of output with respect to labour.

h T
where j

J

2. R.F. Harrod, "An Essay in Dynamic Theory", Economic Journal, Vol.49,
1939, p.30.
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expressed as;

g, =n+r (7.25)

where: n = rate of growth of the work force.

The similarities between equations (7.23) and (7.25) are readily
apparent; although in equation (7.25) the rate of growth of the work
force is an independent variable.

It should be borne in mind that the rate of productivity growth may
be thought of as the 'rate of labour saving'. This term will include
the effects of technical change (which means that less inputs are required
to produce a given output), and also the effects of the substitution of
capital for labour.

Table 7.9 reports the rates of growth of output, employment and labour
saving in the mamufacturing sector of U.K. regions over the period 1958 to
1968, Since the original data was expressed in current prices, rather
than in real terms, the rates of growth of output and of labour produc-
tivity have been adjusted to allow for this factor. As regional price
indices are unavailable it is assumed that the rate of inflation was the
same in all regions, and consequently the ‘'money' growth rates were
deflated by the national rate ofprice increase over the period.1

In all regions which experienced a rate of growth of manufacturing
employment below the national average over the period 1958—1968,2 employ-

ment declined in absolute terms. The North West in particular experienced

1. The estimated annual average rate of increase in the wholesale price
of all manufactured items was 2.2% over the period.

2. The beginning (1958) and terminal (1968) years are similar in that in
both years unemployment was high and rising, although the level of
unemployment was higher in 1968 (2.5%) than in 1958 (2.2%). The two
years do seem to represent similar positions in the business cycle.
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Table 7.9

Average Annual Growth Rates of Employment, Output and Labour
Productivity in the Manufacturing Sector of the Regions:
1958-19681s 2

Region 2. g. r,

h| J i
N -0.113.713.8
YH -0.113.8 3.9
EM 1.3 18.5 7.2

EA 3.4 19.2}5.8
SE 0.6 | 5.5 14.9
SW 1.416.0 (4.6
WM 0.85.4]4.6
NW -0.914.4 15.3
W 1.6 15,3 | 3.7
S -0.2 | 4.6 | 4.8

NI -0.1|7.1|7.2

1. Source: Board of Trade, Report on the Census of Production 1963
(London, H.M.S.0., 1970), Part 133.
Board of Trade, "Area Analyses of the Provisional Results
of the Census of Production for 1968", Board of Trade
Journal, Vol.199, 1970, pp.488-496.

2. Price deflator obtained from: London and Cambridge Economic Service,
The British Economy: Key Statistics 1900-1970 (London, Times News-
papers Ltd., 1972), p.8.
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a relatively heavy fall in employment over the period. In five regions,
which together account for over four-tenths of the total manufacturing
employment in the U.K., the rate of labour saving was in excess of the
rate of growth of output. 1In a study of the fortunes of the peripheral
areas over the nineteen-fifties and sixties, McCrone also found this to
be the case. He remarks that; "It is in many ways ironic to find that,
during a period when the United Kingdom as a whole was suffering from
labour shortage so that the growth of output had very largely to come
from productivity increases, the regions with surplus labour resources
actually achieved faster productivity growth."l

It is not immediately apparent from the data presented in Table 7.9
that the major source of inter-regional differences in the rate of employ-
ment growth lies in differences in the rate of labour saving. Nor is it
obvious that high rates of labour saving are incompatible with high rates
of growth of employment. An 'evaluation of inner products' may provide
some insight into these questions. An equivalent expression for employ-
ment growth to that presented in equation (7.23) will apply to the nation;

i.e.;

R,U_K = gU_K — rUK (7-26)
An expression for the deviations of regional employment growth rates
from the national rate may be obtained by subtracting equation (7.26)

from (7.23), to yield;

AL 5 = Agj - AJ:"_j (7.27)
where: Azj = zj - QUK;
Agj = Ej i gUK;
Ar:j = rj - rUK'

1. G. McCrone, op.cit., p.160.



Squaring both sides of equation (7.27) and summing over regions, yields
an expression for the total sum of squares of regional employment growth;
S o? = ag)? e L orp? m2s[ag)or)]  (r.20)

Table 7.10 reports the magnitude of the components of the total sum
of squares using the data presented in Table 7.9. The most important
single source of inter-regional differences in employment growth was that
of differences in the rate of growth of output. The interaction between
output growth and rates of labour saving served to reduce the differences
in employment growth between regions. This implies that relatively high
(low) rates of labour saving tend to be positively associated with
relatively high (1ow) rates of output growth.l This positive association
between output and productivity growth has become known as 'Verdoorn's
Law'.2 Kaldor describes Verdoorn's Law as, ". . . the empirical relation=-
ship between the growth of productivity and the growth of production."3
The relationship between these two phenomena in the U.K. has been investi-

gated by a number of writers, especially Salter4 and Beckerman.5

1. The negative sign of the interaction term indicates that the terms
inside the square brackets of equation (7.28) are positively correlated.

2, P.J. Verdoorn, "Fattori che regolano lo sviluppo della produttivitad del
lavoro", L'Industria, Vol.l, 1949, pp. 45-53.

3. N. Kaldor, Causes of the Slow Rate of Economic Growth of the United
Kingdom (Cambridge, C.U.P., 1966), p.10.

4, W.E.G. Salter, Productivity and Technical Change (Cambridge, C.U.P.,
1960; Second Edition with an Addendum by W.B. Reddaway, 1966).

5. W. Beckerman, The British BEconomy in 1 , N.I.E.S.R. Economic and Social
Studies XXIII (Cambridge, C.U.P., 1966;. See also J.M. Katz, "'Verdoorn
Effects', Returns to Scale and the Elasticity of Factor Substitution",
Oxford Economic Papers, Vol.20, 1968, pp.342-352; N. Kaldor, "The Case
for Regional Policies", Scottish Journal of Political Economy, Vol.l7,
1970, pp.337-348; K.A. Kennedy, Productivity and Industrial Growth
(Oxford, Clarendon Press, 1971), pp.105-115, 154-222.
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Table 7.10

Sources of Inter-Regional Differences in Employment Growth:

1958-1968
Source of Sum of | Proportion
Variation Squares | of TSS (%)
g (Agj)2 36.41 237.5
L (ar,)? 15.40 96.7
3 J
z
-2 j[:(Agj)(Arj)] -35.86 -234.,2
g (Azj)2 15.95 100.0




The importance of the 'Verdoorn effect' for employment growth depends

not upon the mere existence of a relationship between r and g, but upon
the precise magnitude of the relationship. To the extent that increasing
returns exist, this implies that the rate of labour saving is positively
related to the growth of output. If a given proportional increase in
output yields a greater than proportional increase in labour productivity,
then the absolute level of employment will decline. If the 'Verdoorn
coefficient' is less than unity this need not be the case.

The Verdoorn relationship may be specified as;

ry= T+ xgj (7.29)

il

where: ra rate of 'autonomous' productivity growth;
A = Verdoorn coefficient, assumed to be the same in
all regions.
Substitution of equation (7.29) into (7.23) yields an expression for
the rate of growth in employment;

L.=g. =T . = A&,
3T €5~ Tay ~ &y

g, (1w 1) = Tos (7.30)

or:. £
J

The absolute level of employment will increase or decrease depending

> 0.

upon whether g (1 -~ 1) - r, 3

The importance of the magnitude of the Verdoorn coefficient (A) is
easily demonstratedl by assuming that the 'autonomous' rate of productivity
growth is zero (ra = 0). In that event;

L, = {1 = &) g; (7.31)

and lj 3 0; as (1 - A) 3 0.

l. Assuming that A, r, g > O.



Employment will rise, as a consequence of increased output, if the Verdoorn

coefficient is less than unity.1 The level of employment will fall (1.9
lj < 0) if the Verdoorn coefficient is greater than unity.

It is also possible to examine the relationship between the Verdoorn
coefficient and the degree of returns to scale in a Cobb-Douglas production
function. It was demonstrated earlier,2 that if the production function
is not homogeneous of degree one, then the rate of growth of output may be
specified as;

g5 =a+ sj (k - 2) + v (7.32)

where: aj = rate of neutral technical progress;
v = degree of returns to scale.
Assuming that 'autonomous' productivity growth is equal to the rate
of technical progress plus the effects of capital deepening, and that

these are equal to zero, equation (7.32) simplifies to;

= vl
gj j
-l
and Zj = gj (7.33)

Comparing equation (7.33) and (7.31) yields a relation between A\ and
v, such that;

(1 -2) ='% and therefore; A = 1 - 1/ (7.34)

v
If technical progress and capital deepening were autonomous, and there
were constant returns to scale (v = 1), then the Verdoorn coefficient

would be zero. The coefficient () would be unity if the degree of

1. It would, however, rise less than if there were no association between
productivity and output growth.

2. Chapter Four, p.151l.



returns to scale were infinitely large (as v > w; A + 1) or if part of
technical progress and capital deepening were induced. Most empirical
studies of the Verdoorn coefficient yield an estimate of ) in the region
of 0.4 to 0.5. For this to be due solely to the influence of increasing
returns to scale, the homogeneity parameter (v) would have to assume a
value between 1.66 and 2.0. These values are unrealistic, It follows,
that the Verdoorn coefficient cannot be interpreted simply as increésing
returns to scale in the conventional sense, but must also include the
effectsrof induced technical progress and capital deepening.1

If autonomous productivity growth is positive, and output is
increasing, then employment will increase or decrease according to whether
(g -r) -2830; or(g-r) ¥ ie.

Kaldor has estimated, for the manufacturing sectors of twelve 0.E.C.D.
countries, that;2

r. =°1,04

a

A 0.48

This implies that the average rate of growth of output necessary to
prevent employment from falling, is (setting zj = 0);

g (0.52) - 1.04 =0

; e
e o g S 0.52 gl 200

The actual growth rate of output for the U.K. over the period

considered by Kaldor, was 3.2 per cent per annum,

1. This is the interpretation adopted by Kaldor; N. Kaldor, op.cit.,
pp.8-14; N. Kaldor, "The Irrelevance of Equilibrium Economics",
Economic Journal, Vol.82, 1972, pp.1237-1255.

2, N. Kaldor, op.cit., p.l2. It is interesting in the light of the

present discussion, that he finds for t he agricultural sector that
A = 1,04; r, = 2.70. 'N. Kaldor, op,eit., p.37.

5. 1bid., p.l12.
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Using regional data for the U.K. the estimate of the Verdoorn
coefficient (equation (7.29)) is;1

rj = 2,116 + 0.512 gj
(0.147)%* R% = 0.573

There is evidence of a Verdoorn effect, as the coefficient on output
growth is significantly different from zero at the 1 per cent confidence
limit. The coefficient is also significantly less than unity at the
1 per cent confidence limit. It is interesting to note that the (average)
rate of 'autonomous' productivity growth (ra) is estimated as 2,12% per
annum, The national rate of productivity growth in manufacturing over
the period, was in the order of 4.90% per annum.2 This implies that
approximately one-~half of national productivity growth is autonomous, and
one-half is induced by the growth in output. In an earlier chapter we
estimated the components of national productivity growth to be;3

r=2a*+8m+ (v-1)2 (7.35)

and a¥* = 2,42

gm = 2,45
(v-1)y = 0.03

That part of productivity growth attributable to increasing retumms
(in the production function sense) is clearly an induced component of
productivity growth, implying that the autonomous component is concealed
in the joint effects of technical progress and capital deepening. Since

these terms together account for a rate of growth of labour productivity

1. Using the data on gj and r'j from Table 7.9.
2. Cf. Chapter Four, p.l74.

3. Chapter Four, p.160.
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labour productivity of 4.87% per annum, this implies that just under
one-half of the rates of technical progress and capital deepening are
'autonomous', and over one-half is induced by the growth of output.l

It follows from the above, that the contribution of inter-regional
differences in the rate of growth of output is likely to be more impor-
tant, as a source of inter-regional differences in the rate of employment
growth, than the calculations of Table 7,10 would suggest. This is
because part of the variation in productivity growth, which is treated
there as a separate component, should be attributed to the variations
in output growth. A 'deterministic' equation for employment growth in
each region would therefore be;2

L. =g. -1 .-2g, (7.36)

T ; ;
aj J J
And, for the nationj

L =

UK = 8k (7.37)

a ~ A8k
The values of the components of equations (7.36) and (7.37) are
reported in Table 7.11. Since an expansion of output now induces some
labour saving, the contribution of output growth to the growth of employ-
ment is correspondingly reduced.
The contribution of each of the components, to inter-regional
differences in the growth of employment, may be assessed by applying

the technique for an evaluation of inner products. Subtracting equation

r

a )___2.12

1. The autonomous proportion is equal to (a# s -

= 0.44.

2. Assuming that the 'Verdoorn coefficient' (A) is the same in all
regions,
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Table 7.1l

The Determinants of Employment Growth in U.K. Regions

with an explicit allowance for the 'Verdoorn Effect': 1958-1968
(% per annum)

Region gj(l-k) raj 2j2
N 1.8 1.9 | -0.1
YH 1.9 2.0 | -0.1
EM 4,2 2.9 ] 1.3
EA 4.6 1.2 ]| 3.4
SE 2.7 2.1 0.6
SW 3.0 1.6 1.4
WM 2.6 1.8 0.8
NW 2.2 3.1 1-0.9
W 2.6 1.0 1.6
S 2.3 2.5 |-0.2
NI 3.5 3.6 | -0.1
UK 2.5 2.2 0.3

1. Calculated from the data reported in Table 7.9.

2. 2. =g (l=A) -1
JgJ()

aj

1
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(7.37) from (7.36) yields an expression for deviations of regional data
from the national average;

AL = Ag. — Ar . - \Ag. .38
3 ™ 8y aj 4 (7.38)

where: Mg. = A\g. - A -
AgJ gJ 8k

Squaring both sides of equation (7.38) and summing over regions, yields

an expression for the total sum of squares in employment growth rates;

z 2 _ % 2 ¢ 2,z 2
3 (Azj) = (Agj) * 5 (Araj) * (AAgj) +R (7.39)

5
where: R5 = Residual and Interaction Terms.
These estimates are reported in Table 7.,12. The inclusion of an
allowance for the 'Verdoorn effect'! enhances the contribution of

differences in output growth to inter-regional differences in employment

growth, compared with the estimates of Table 7.10.

The 'Manning Ratio' approach to the demand for labour

In adopting this view of labour demand, we are proposing that employ-
ment should be viewed as the use of labour to operate, or 'man', capital
equipment, The demand for labour is therefore determined by the

capital stock in use and the 'manning ratio', i.e.;

L
K K, (7.40)

where: Ka = actual capital stock in use.
Expressed in terms of relative rates of growth, equation (7.40) may

be rewritten as;

i = -n. ;
p k5 = my (7.41)

where: mj = rate of growth in the capital-labour ratio.

In Chapter Four we derived estimates of the contribution of capital

deepening to productivity growth, anmd also (using estimates of the
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Table 7.12

1958-19681
Source of Sum of Proportion of
Variation Squares ss (%)
g (Agj)z 36.41 237.5
5 2
- (\rg.) 8.80 55,3
J J 45.21 292.8
5 2
3 (Araj) 6.45 40.5
Residual -35.71 -233.3
v 2
; (Azj) 15.95 100.0

1. Calculated using equation (7.39) from the data reported in

Tables (7.10) and (7.11).
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elasticity of output with respect to capital) estimates of the rate of
capital deepening in each region.1

To use these estimates in the present context we must accept that
the estimated rates of capital deepening reflect the rate of growth of
the 'active' capital stock, and not the rate of growth of the available
capital stock. It is usual in studies of economic growth for the
capital data to refer to the quantity of capital in existence. As a
result, it is common practice to find the capital data being ad justed
by some index of capacity utilisation to arrive at estimates of the
'active' capital stock. Estimates of the rate of capital deepening
were derived earlier, from data referring to the actual values of output
per worker and the actual share of capital. Since the estimates were
derived from observations of actual, and not potential, output, the
estimated rates of capital deepening refer to the actual rate of growth
of capital per worker in use. It is this estimate, rather than an
estimate of the growth of the existing capital stock, which is relevant
to the determination of the level of employment. Given these estimates
of the rate of capital deepening, together with the rate of growth of
employmen t, the rate of growth of the 'active' capital stock may be
calculated, as;

, = . R‘- 02
kg =mg+ 4 (7.42)

These estimates are presented in Table 7.13.
It is interesting to note that the estimated national rate of

growth in the active capital stock is 3.3 per cent per annum, The

1. Chapter Four, pp.136-138. This is an additional advantage of using
the 'progress constant' formulation of Johansen's technique. An
alternative approach may be found in J. Taylor, "A Surrogate for
Regional Estimates of Capital Stock", Bulletin of the Oxford
University Institute of Economics and Statisties, Vol.29, 1967,
PP.289-299.
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Table 7.13

Estimated rates of capital deepening, growth in the Active Capital
Stock and Employment: 1958-1968

Region |m. | | o
0 b R aj J

YH 0.9 0.8 |-0.1

EM 8.019.3 1.3

SE 2.9 |3.5 0.6
Sw 2.6 | 4.0 1.4
WM 2.6 |3.4 0.8
W 3.812.9 |-0.9
W

0.4 12.0 1.6

w

2.712.5 |-0.2

NI 8.0 709 "'0.1

1. Obtained from Chapter Four, Table 4.2, p.137

2. k,mm, b
aj ~ 3"
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'Blue Book® estimates of the value of the capital stockl in manufacturing
in the U.K. yield an average annual rate of growth of capital of 3.2 per
cent, over the period 1958-1968.2 In this light the estimates of the
rate of growth in the capital stock (in Table 7.13) may be regarded to
be a reasonable approximation.3
Another question is whether the estimates provide a reasonable
approximation to the relative ranking of regions according to their
rates of capital accumulation, The best available 'proxy' for the
utilised capital stock is probably that of electricity consumption by
industrial users, in the Electricity Generating Board Regions.4 The
ranking of regions according to the rate of growth in electricity
supplied to industrial users over the period 1960-68, was compared with
the ranking of regions according to the estimated rate of growth of
their active capital stock (1958-68). Excluding Northern Ireland the
rank correlation coeffieient is (+)0.650; with Northern Ireland
included the rank correlation is (+)0.545; both coefficients are
significantly greater than zero at the 5 per cent confidence level.

In the absence of 'hard' data on regional capital stocks, the estimates

1. At 1963 prices.

2, Data was obtained from London and Ceambridge Economic Service, The
British Economy: Key Statistics, 1900-1970 (London, Times Newspapers
Ltd.,, 1972), p.l2.

3. Matthews gives a figure for the average annual rate of growth of the
capital stock in manufacturing (1948-1962) of 3.1%. R.C.0. Matthews,
op.cit., p.91. Feinstein's data indicates that the capital stock
(in manufacturing and construction) increased at a rate of 33% per
annum, over the period 1955-1965. C.H. Feinstein, National Income
Expenditure and Output of the United Kingdom 1855-1965 (Cambridge,
C.U.P., 1972), Table 44, p.T100.

4, The data refers to Electricity Board Areas which, even after aggregationm,
only approximate the New Standard Regions. Data for Northern Ireland
included both commercial and industrial users. Department of Trade
and Industry, Digest of Energy Statistics (London, H,M.S.0., 1971).
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again seem to provide a very good approximation.

The estimates reported in Table 7.13 indicate that in five regions
the fall in the menning ratio (IVK) more than offset the employment
creating effects of an increase in the active capital stock. This was
particularly the case in the North West.»

The relative importance of differences in the proportional rate of
change in the manning ratio and the growth of the active capital stock,
as a source of inter-regional differences in the rate of growth in
employment, may be judged from an evaluation of inner products.

Given the relationships between capital deepening, capital
accumulation and employment growth expression in equation (7.41), it

follows that;

AL, = Ak . = Am, .
3 " mJ (7.43)

where: Akaj = kaj - kaUK;

Am, = m, - .
J J mUK
Squaring both sides of equation (7.43) and summing over regions,

yields an expression for the total sum of squares of employment growth

rates;

’; (Mj)2 - 3 (Ak&j)2 + § (Amj)z -2 g[(Akaj)(Amj):l (7.44)

Table 7.14 reports the estimates of the components of equeation
(7.44). It is evident from the table that differences in the rate of

growth of the active capital stock and of the manning ratio, served to

1. This may be a reflection of regional policy which discriminated in
favour of more capital intensive techniques. A.J. Brown, ‘'Impact
of Investment Grants on Capital-Intensive Industry', in Department
of Economic Affairs, The Intermediate Areas, Cmnd.3998 (London,
H.M.S.0., 1969), Appendix J, p.237f.
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Table 7.14

in terms of 'Manning Ratios': 1958-19681

Source of Sum of | Proportion
Variation Squares | of TSS (%)
3 2
C Ak . 6.0 607.0
; (a aJ) 96,03 7
E lam)® 70.95 |  446.0
J J
z
2, k . . -151.0 - +0
5 [(axy ) (am) ][ 152,05 | 953
3 (Azj)2 15.95 100.0

1. Calculated from equation (7.44) using the data reported in

Table T7.13.
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meke for extensive differences in the rate of employment growth between
regions. The single most important source of variation was the inter-
action component. The negative sign of this component indicates that
the term within the square brackets of equation (7.44) is positive.
This implies that relatively high (low) rates of accumulation were also
associated with a relatively excessive ('deficient') switch to capital
intensive techniques. Capital accumulation was undertaken primarily
as a substitute for, rather than a complement to, employment growth.l
As a result the expansion of employment in rapidly accumulating regions
was lower, and in slowly accumulating regions it was higher, than might
otherwise have been the case.

The absolute level of the capital stock in use is determined by the
level of output and the capital-output ratio. The rate of growth in

the active capital stock may therefore be expressed as;

where: daj = rate of growth in the actual (as distinct from
the desired) capital-output ratio.
The rate of growth in the (actual) capital-output ratio may be
estimated as;

=k . - g. .46
A5 = K5 - & (7.46)

Table 7.15 reports the estimates of the determinants of the rate
of capital accumulation over the period 1958-1968. It is interesting
that the rate of growth of the capital-output ratio is negative in many

regions, but positive in the East Midlands and Northern Ireland.2 In

1. In other words, accumulation was primarily 'deepening', rather than
‘widening', in form.

2. As we shall see in the next chapter, the behaviour of the capital-
output ratio over time is an important indicator of macroeconomic
conditions.
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Table 7.15

Growth Rates of the Active Capital Stock, Output and the Capital-
Output Ratio, U.K. Regions: 1958-1968

Region g, ajl i
N 3.7T]1-3.2] 0.5
YH 3.81-3.0]0.8
EM 8.5| 0.8]9.3
EA 9.2 | -1.2 | 8.0
SE 5.5 -2.0 | 3.5
SW 6.0(-2.0]4.0
WM 5.4 | -2.0| 3.4
W 4.4 1 -1.5|2.9
W 5.3 | =3.3 | 2.0
S 4,6 | -2.1]2.5
NI T:X1-0.817.9
UK 5.2 | =1.9| 3.3
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most regions the presence of technical progress apparently more than
offset the tendency for diminishing returns to set in, as a result of
deepening. In the East Midlands and Northern Ireland, the tendency
for diminishing returns, as a result of capital deepening, was not
entirely offset by technical progress. Alternative explanations, in
terms of biased technical progress or differences in the utilisation
rate, may also account for these results.

It has been demonstrated that inter-regional differences in employ-
ment growth have resulted mainly from differences in the rate of growth
of output, on the one hand, and from inter-regional differences in rates
of capital accumulation, on the other. These findings are not incon-
sistent, and imply that there is a close association between rates of
output growth and capital accumulation. This relationship will be
dealt with in the following chapter.

It remains to undertake two tasks; firstly, to relate the rate of
growth in employment, determined by the forces we have discussed above,
to the rate of growth of the work force. Secondly, to explain any
discrepancies between these two rates, and to account for the differing

experience of regions in this respect.

The Relationship between the Growth Rates of Employment and the Work Force

As a matter ofdefinition, the unemployment rate (U) may be expressed

as;
N-1L L
U="F—"=1-% (7.47)
where: L = Employment;
N = Work Force;
U = Proportion of the work force which is unemployed.

It follows that the rate of growth in the proportion of the work
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force unemployed, is determined by the relative growth rates of employ-
ment and of the work force. The rate of growth of the proportion of

the work force employed (1 - U) may be expressed as;

A(1-10)_ AL _AN _
—%—_—'ﬁ}-— L= g=*=n (7.48)

where: % = rate of growth of employment;

n

]

rate of growth of the work force.

The proportion of the work force unemployed will be steadily falling
over time, if the rate of growth of employment exceeds the growth in the
work force.

It is difficult to ascertain the particular relationships between
these variables over the period with anything approaching complete
accuracy. Data for the 'manufacturing work force' is unobtainable and
consequently, the 'work force' is defined as, the number of employees in
manufacturing plus the number ‘'unemployed in manufacturing'. In
addition to this problem, there was a change in regional boundaries over
the period and comparable unemployment estimates are unavailable for
many regions. This has been allowed for by using data pertaining to
years where the two systems of classification overlap.1 In addition,
the rates of growth were calculated using base (1958) and final (1968)
year estimates only. It is likely that some cyclical influences will
be reflected in the series.

The resultant estimates of the rates of growth in the work force,
employment, and the proportion of the work force employed, are presented
in Table 7.16. The largest disparities between the growth rates of

labour supply and of demand are apparent in the North and the West

1. Details of the sources and adjustment procedures are given in the
Appendix, Table T.A2.
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Table 7.16

Rates of Growth of Employment, Work Force and the Proportion
of the Work Force Employed, in the Manufacturing Sector of U.K. Regions:
1958-1968

1. Details of the calculation of the work force data are presented in
the Appendix (7.42) to this chapter.

A (1 -u
2.5, = 1y - ny = A=yl
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Midlands (rising unemployment), and in the North West (falling unemploy-
ment). It may be noted that all of these tendencies are evident in the
published data for the total registered unemployed (in all industries
over the period),1

It would appear that for the purposes of studying the relationship
between the growth rates of labour supply and of demand, the regions
fall into three groupings: firstly, those which exhibit growing
unemployment (N and HM); secondly, those which are experiencing growth
with 'steady' unemployment (YH, EA, SE, SW and S); and lastly, those
which are experiencing falling unemployment (EM, NW, W and NI). It
should be emphasised that these groupings cut across the conventional
'centrg/periphery' regional classification.

It is doubtful that any single explanation of regional economic
behaviour could account for the differing fortunes of the regions over
the period. This chapter has used 'tautological' or 'definitional'
statements to indicate the relationships between key economic variables
in the regions. The following chapter will seek to use the Harrod-

Domar growth model to explain these relationships.

1. Department of Employment and Productivity, British Labour Statisties:
Historical Abstract 1886-1968 (London, H.M.S.0., 1971), p.328f. The
estimates are also in broad agreement with Brechling's estimate of
the 'structural component of regional unemployment'. F. Brechling,
"Trends and Cycles in British Regional Unemployment", Oxford Economic
Papers, Vol.19, 1967, pp.1l1-16.
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Appendix Table T7.Al |

Net Output, Employment and Productivity Growth Rates in Manufacturing,
U.K. Regions: 1958-1968

o 1 2? P
egion | g r
N 5.9 | -0.1]6.0
YH 6.0 | -0.1 | 6.1

EM 10.7) 1.3 |7.4
EA 11.4 | 3.4 8.0
SE T.7] 0.6 7.1
SW 8.2 1.4 |6.8
WM 7.6 0.8]6.8

NW 606 -0.9 705

W 7.5| 1.6 | 5.9
S 6.8 -0.2]7.0
NI 9.3 -0.1]9.4

i & = average annual rate of growth of the value of net output.

2. ¥ = average annual rate of growth of employment.
3. r = average annual rate of growth of the value of net output per
employee.

Source: Board of Trade, Report on the Census of Production 1963, (London,

H.M.S.0., 1970}, Part 133, p.133/6f.




- 295 -

Appendix T7.A2

Calculations of the Work Force in Manufacturing in U.K. Regions:
1958 and 1968

(a) 1968

Total Registered as Unemployed in Manufacturing Industries
by Region: 1968 ('000's).1

N 16.6
YH 16.0
EM 7.6
1&SE°  23.1 ) (BA 3.0
E&S 13.3 ESE 33.5
SW 6.3
Wi 22.9
W 24.4
v 8.2
S 24.0
6B 162.4
4 8.2
UK 17006

1, Data for the regions of Great Britain are monthly averages
calculated from unpublished data assembled by Dr. A.P. Thirlwall.

2. Alterations to the geographical boundaries resulted in the area
made up of (01d Standard Regions) I&SE and E&S being appor tioned
between the New Standard Regions, EA and SE. The total number
unemployed in manufacturing in the 01d Standard Regions (36.5)
was distributed between the New Standard Regions in proportion
to their share of total unemployment in the two regions in 1968.
(Data for the total unemployed in that year was obtained from
Department of Employment and Productivity, British Labour
Statistics: Historical Abstract 1886-1968 (London, H.M.S.O.,
1971), p.329.)

3, The estimated total register for manufacturing (170.6) corresponds
favourably with D.E.P. estimates of the number wholly unemployed
in manufacturing in 1968 of 164.0 (D.E.P., op.cit., p.341).
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Appendix 7.A2 (contd.)

4, The total registered as unemployed in NI in all industries was
37.2 in 1968 (D.E.P., op.cit., p.329). In 1969 manufacturing
unemployment represented 25% of the total in that year. The
figure for manufacturing unemployed in NI in 1968 was calculated
as 22% of 37.2.

(b) 1958
For 1958 two direct sets of estimates are available; one set

refers to May and another to June of that year. This data is set
out below:l

May 1958 June 1958

N 9.3 10.4
EWR 19.0 g ( YH 22.8 21,3 ) ( YH 21.1
NM 15.1 ) E EM 11.3 10.5 % é EM 10.7
14SE® 22.2 g é EA 3.0 24.6 ) (EA 3.6
E&S 11.8 ) ( SE 31.0 11.6 3 E SE 32.6
SW 5.8 5.9
WM 15,2 17.6
NW 41.8 43.8
W 15,3 14.8
S 3.1 335

GB 186.0 194.,0
NI° 9.6 9.6

UK 197.6 203.6

1. Estimates for the regions of GB were calculated from unpublished
data assembled by Dr. A.,P. Thirlwall,

2. Estimates for the SE and EA were derived in the same manner as
for 1968. A similar adjustment was made to obtain YH and EM
from the total of EWR and NM.

3. NI was estimated in the same manner as for 1968 except that the
ratio of manufacturing to total unemployment in 1960 was used
to deflate the data for total unemployment in 1958,



Appendix 7.42 (contd.)

The estimate for the total register in the UK of around 200.0
is far greater than the D.E.P. evidence for wholly unemployed in
manufacturing in that year (145.0) would suggest (D.E.P., op.cit.,
p.337).

An alternative set of estimates was generated by accepting
that the total register in manufacturing in GB was around 150.0 in
1958. This total was then apportioned between the regions on the
basis of their share of manufacturing unemployment in June of that
year. This procedure yields the following set of estimates which

were used in the calculations of the work force;

N 8.2
YH 16.6
EM 8.2
EA 2.9
SE 25.4
Sw 4.5
WM 13.7
W 34.1
W 11.5
S 26.1
NI 9.6

UK 161.0
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Chapter Eight

The Growth Experience of the Regions, 1958-1968:
An Harrodian Interpretation

This chapter attempts to examine the growth rates of output and
employment, in the manufacturing sector of the regiomns, in terms of the
Harrod—Domar1 model of economic growth.

Harrod's analysis is concerned with the relationships between three
rates of growth of output: that rate of growth consistent with the full
employment of labour (gn); that rate of growth consistent with 'full
employment' of the capital stock (gw); and the actual rate of growth of
output which takes place (g). To understand the relationship between
the demand and the supply of labour over time, it is necessary to
examine the precise relationships between these three rates of growth;
the 'natural rate', the 'warranted rate', and the ‘actual rate'.

It is Harrod's contention that there exists no mechanism in the
private sector which will ensure that all of these growth rates
concide.2 A large portion of the theory of economic growth has been

concerned with this claim, and therefore with attempts to examine

1. R.F. Harrod, "An Essay in Dynamic Theory", Economic Journal, Vol.49,
1939, pp.l4-33; R.F. Harrod, Towards a Dynamic Economics ZLondon,
Macmillan, 1948); R.F. Harrod, Economic Dynamics (London, Macmillan,
1973); E.D. Domar, "Capital Expansion, Rate of Growth and Employment",
Econometrica, Vol.l4, 1946, pp.137-147; E.D. Domer, Essays in the
Theory of Economic Growth (New York, Oxford University Press, 1957);
R.F. Harrod, "Domar and Dynamic Economics", Economic Journal, Vol.69,
1959, pp.451-464.

2. "I am confident that the theory that the 'warranted' equilibrium
growth rate of laissez-faire capitalism, without management or inter-
ference, is unstable, stands firm; and that this is the fundamental
explanation of the business cycle." R.F. Harrod, Economic Dynamics
(London, Macmillan, 1973), p.45.




mechanisms which may ensure equality between two, or all three, of these
rates of growth. These theories may be broadly characterised as being
either neo-classical or Keynesian in outlook.1
Neo-classical models are primarily concerned with the relationship
between the warranted and the natural rates of growth.2 In these
models equality between the warranted and natural rates of growth occurs
through changes in the capital-output ratio, resulting from variations
in the rate of interest and the wage rate. The Cambridge, or Keynesian,

School3

has been more concerned with the relationship between the actual
and warranted rates of growth, and claims to demonstrate that ". . . when

a steady rate of growth is actually going on, the 'share' of saving

adapts to it."4 Keynesian models differ from neo-classical in that,

1. Excellent surveys of the field may be found in: F.H., Hahn and
R.C.0. Matthews, "The Theory of Economic Growth: A Survey", Economic
Journal, Vol.74, 1964, pp.782-811; A.K. Sen, 'Introduction', in
A.K., Sen (ed.), Growth Economics, Penguin Modern Economics Readings
(Harmondsworth, Penguin, 1970), pp.9-40; K.S. Frearson, "Recent
Developments in the Theory of Economic Growth", Australian Economic
Papers, Vol.3, 1964, pp.l-24; J.A., Kregel, The Theory of Economic
Growth (London, Macmillan, 1972).

2. T.W. Swan, "Economic Growth and Capital Accumulation", Economic
Record, Vol.32, 1956, pp.334-361; R.M. Solow, "A Contribution to
the Theory of Economic Growth", Quarterly Journal of Economics,
Vol.70, 1956, pp.65-94; J.E. Meade, A Neo-Classical Theory of
Economic Growth (London, George Allen and Unwin, Revised Edition,
1962); R.M. Solow, Growth Theory: An Exposition (Oxford, Clarendon
Press, Second Edition, 1971).

3. N. Kaldor, "Alternative Theories of Distribution", Review of Economic
Studies, Vol.23, 1955-56, pp.83-100; Joan Robinson, Essays in the
Theory of Economic Growth (London, Macmillan, 1962); Joan Robinson,
Economic Heresies (London, Macmillan, 1971), pp.109-125; Joan
Robinson, "Harrod After Twenty-one Years", Economic Journal, Vol.80,
1970, pp.731-7; R.F. Harrod, "A Comment", Economic Journal, Vol.80,
1970, pp.737-T41; Joan Robinson, "A Reply", Economic Journal, Vol.80,
1970, p.T41.

4, Joan Robinson, "A Reply", Economic Journal, Vol.80, 1970, p.74l.




", . . even if all the other conditions are fulfilled, growth at the

natural rate will not be realised if firms lack the energy to carry it
out. There is no law of nature that the natural rate of growth should
prevail."1

In the present context these models differ in their explanation of
the source and behaviour of unemployment over time. In a neo-classical
model unemployment would be explained either in terms of 'frictions',2
which prevent adjustment mechanisms operating, or in terms of the slow
speed of adjustment. Adoption of the Cambridge approach would imply
that the behaviour of unemployment should be explained in terms of
decisions to accumulate, subject to the constraints imposed by the supply
of labour and the real wage rate.3

The modern theory of economic growth regards the behaviour of output
and of unemployment over time as determined by two fundamental relation-
ships; the relationship between the warranted and natural rates, and the
(unstable) relationship between the actual and the warranted rate.
Since we are ultimately interested in the behaviour of unemployment, it
is convenient to begin the study with a description of the relationship
between the actual and the natural rates of growth.

The interpretation of this relationship depends, not only upon the
relative rates of growth of employment end the work force, but also upon
the initial conditions prevailing in the regions. Table 8.1 presents

some evidence on these initial conditions, derived from data referring

1. Joan Robinson, Economic Heresies (London, Macmillan, 1971), p.118.

2. M. Dobb, Political Economy and Capitalism (London, Routledge and
Kegan Paul, Second Edition, 1940), pp.185-222.

%. Joan Robinson, Essays in the Theory of Economic Growth (London,
Macmillan, 1962), pp.34-59.
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Table 8.1

Estimates of the Excess Supply of Labour1 and the Relative Growth
Rates of Employment and the Work Force: 1958-1968

. Excess Supply 3
Region of Tabourd (zj—nj)
N 1:3 -0.2
YH4 -0.3 0.0
EN° -0.5 0.1
EA )
-0.2 0.0
SE )
SW 0.0 0.0
WM6 -0.4 -0.1
W 0.5 0.2
w 1.5 0.1
S 1.6 0.0
NI’ - 0.1

1. Thirlwall's estimate of the average rate of 'Demand-Deficient!'
Unemployment in all industries. A.P. Thirlwall, op.cit., p.35.

2. Negative sign indicates an excess demand for labour.
3. Source: Chapter Seven, Table 7.16.

4, Data in the first column refers to the 0ld Standard Region, E and WR.

1 " n 1 " n n " " 1" "
5. ! ! , NM

6 " " " 1" n " n n " L " " M

7. Thirlwall does not provide estimates for this region.



- 302 -

to all industries, including manufacturing, over the period 1949-1966.1
Table 8.1 also reports estimates of the rate of growth in the proportion
of the work force employed. If the rate of growth of employment
exceeds that of the work force, this is an indication that the actual
rate exceeds the natural rate, and vice-versa. The relationships
between g and gn, implied by the estimates reported in Table 8.1, are
given in Table 8,2. .

It is apparent from Table 8,1 that the regions may be divided into
three groups, depending upon the behaviour of unemployment over time.
Firstly, those regions where employment is increasing faster than the
work force. With the exception of the East Midlands, these were all
regions with an initial reserve of unemployed labour. Mrs. Robinson
has dubbed a state such as this, a 'limping golden age'.2 The situation
of g > gn must be a transient phase, for either the 'animal spirits' will
be dimmed before full employment is reached, or the rate of growth of the
work force will become an effective constraint. Secondly, there are the
regions where the rates of growth of the work force and of employment are
roughly equal. Most areas in this category are experiencing a 'golden
age',3 by maintaining minimum unemployment rates over time. Scotland
is another example of a 'limping golden age' where, although employment
and the work force are falling at the same rate, there is a high level
of unemployment. Lastly, there are two regions where the unemployment

rate is rising over time. The North, where employment is declining

1. A.P. Thirlwall, "Types of Unemployment: with Special Reference to
'Non-Demand-Deficient! Unemployment in Great Britain", Scottish
Journal of Political Economy, Vol.l4, 1969, pp.20-49.

2. Joan Robinson, Essays (op.cit.), p.53.

5. Ibid., p.52f.
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Table 8,2

The Relationship Between the 'Actual' and 'Natural' Rates of
Growth in Regional Manufacturing: 1958-1968

| Region g 3 gnl
N g < &n
YH g=gn
EM g > 8n
EA g = gn
SE g =gn
SW g=ean
WM g < gn
W g > 8&n
W g > &n
S g =gn
NI g > 8&n

. actual rate of growth.

=
0]
il

= 'natural' rate of growth.

B
|
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faster than the work force, an example of a 'leaden age';l and the West
Midlands, where the excess demand for labour is slowly giving way to an
excess supply, another 'limping golden age'.

Whilst the unemployment experience of regions may be described in
this way, it cannot be explained solely in terms of the relationship
between the natural and actual rates. As we have already noted, the
decision to accumulate is of crucial importance in determining the
pattern of regional growth rates. To explain regional growth patterns
it is necessary to introduce the concept of a 'desired‘2 or 'warranted'3
rate of growth - for Harrod's model embodies the notion that it is the
relationship between the 'warranted' and actual rates, which ultimately
determines the path of employment growth.

Harrod defines the warranted rate of growth (gw) as ". . . that
overall rate of advance which, if executed, will leave entrepreneurs in
a state of mind in which they are prepared to carry on a similar advance".4
It is that rate of growth which maintains the equality between the growth
rates of output and capacity.

We may postulate an investment function of the form;

I = v (aY) (8.1)
where: I = current investment demand;
AY = change in output;
L desired or ‘optimum' incremental capital-output ratio.

1. Ibid., p.54.

2. Ibid., p.49.

3. R.F. Harrod, Towards a Dynamic BEconomics (London, Macmillan, 1948),
p.81f.

4'. Ibido ’ p0820
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and a 'net withdrawals' function of;
8§ -(X~N) =(s3)7 (8.2)

where: S

current savings;

I

X = exports;

M = imports;

s = propensity to save;
b = net 'balance of trade', expressed as a proportion of Y;
Y = output.

In equilibrium, desired withdrawals and injections are equalised, i.e.;
v.(aY) = (s =) ¥ (8.3)
It follows, that the equilibrium growth rate of output will equal;

A -
_Y__,:g.w:ﬁs—v_b.). (8.4)
r

The actual rate of growth (g) may be expressed as;l

(s -b) (8.5)

g = v
The relationship between the 'actual' and 'desired' I1.C.0.R. may
be expressed as;2

Vi v (8.6)

where (0) is a measure of capacity utilisation.

Given decisions to accumulate, if output growth is such as to
satisfy entrepreneurs, then capacity will be neither in excess nor
deficient (i.e. o = 1). If there is excess capacity, that is current

investment is 'too high', then v will be greater than Vo and 6 will be

1. Where 'v', measures the actual incremental capital-output ratio.

2. For an analysis of equilibrium growth with less than 'full capacity
working' see R, Eisner, "Underemployment Equilibrium Rates of Growth",
American Economic Review, Vol.42, 1952, pp.43-58.
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less than unity. If current additions to the capital stock are less
then desired (v < vr), 9 will exceed unity.

It follows from equation (8.6) that v =-%-vr. If this expression
is substituted into the equation for the actual rate of growth (8.5),

then;

g = B.M = Ogw (8.7)

W
r

If the actual rate of growth exceeds the rate warranted by thrifti-
ness and technical conditions, then capacity will be deficient (8 > 1),
expectations will be revised upwards, the rate of accumulation will
increase, and the actual rate of growth will rise. If the warranted
rate exceeds the actual rate, then excess capacity will build up (o < 1).
Instead of feeling that they were pessimistic in their previous expect-—
ations, entrepreneurs will feel that they were optimistic, expectations
will be revised downwards, and a further divergence from the warranted
rate will occur. These deviations are likely to be amplified by the
influence of the degree of capacity utilisation (6) upon investment
demand.,

There is a large body of empirical evidencel to support a theory
of investment demand which embodies a 'flexible' accelerator; that is,
the Capital Stock Adjustment Principle.2 In a situation of deficient
capacity, not only will expectations of output growth be revised upwards,

but the desired level of investment demand (relative to any expected rise

1. A.D. Knox, "The Acceleration Principle and the Theory of Investment:
A Survey", Economica, Vol.1l9, 1952, pp.269-297; D. Smyth, "Emprical
Evidence on the Acceleration Principle", Review of Economic Studies,
Vol.34, 1964, pp.185-202; M.K. Evens, Macroeconomic Activity: Theory,
Forecasting and Control (New York, Harper and Row, 1969), pp.80-86.

2. .C.O. Matthews, The Trade Cyecle (Cambridge, C.U.P., 1959), pp.40-43;
R.G.D. Allen, Macro-Economic Theory (London, Macmillan, 1967), pp.68-T3.
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in output) will also increase. This introduces more instability into
the system.1 When gw exceeds g the presence of excess capacity will
result in a reduction in the desired level of new investment, over and
above that reduction arising out of a downward revision of expectations.2
If we intend to explain the trends in regional unemployment over the
period, it is necessary to examine the relationship between gw and g.

Since we have no direct information on the warranted rate, we must
infer the relationship between gw and g either from indirect evidence,
or alternatively through the judicious use of assumptions.

We could assume that the warranted and actual rates are equal.

The Cambridge model suggests that any steady rate of growth will, after
a time, become warranted, but this rests upon adjustment mechanisms
which should themselves be subjected to test. Another possibility is
to assume that gw equals gn. Again this is an 'unwarranted' assumption
which should be subject to empirical verification.

Alternatively, it may be hypothesised that, in the event of a diver-
gence between g and gw some observable phenomena are effected in a
predictable direction, or that some adjustment mechanism comes into play.
Evidence on the affected variable, or on the adjustment mechanism itself,
could then be used to deduce the implied relationship between gw and g.
There are two possible sources of evidence, both based upon Harrod's
proposition that a divergence between gw and g will be reflected in

variations in the degree of capacity utilisation.

1' RoC-O. Matthews’ OQ=Cit., pp.237-2410

2. Harrod pays little attention to short-period variations in the
warranted rate, perhaps due to his assumption that technical progress
is neutral with respect to the capital-output ratio. See R.F. Harrod,
"An Essay in Dynamic Theory", Economic Journal, Vol.49, 1939, pp.26-29;
R.F. Harrod, Towards a Dynamic Economics (London, Macmillan, 1948),
p.83n.
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The theory of instability implies that if g exceeds gw there is
deficient capacity (6 > 1); if gw exceeds g there is excess capacity
(e <1). In terms of the distinction between the ‘'active' capital
stock (ka) and the capital stock in existence (ke), an inequality
between g and gw implies an inequality between ka and ke. That is, if
g exceeds gw then ka 'exceeds' ke,l and if gw exceeds g then ke exceeds
ka. If investment decisions do reflect the Capital Stock Adjustment
Principle, where the accelerator is flexible, this tendency should be
qui te marked.

In the previous chapter2 it was argued that our estimates of capital
accumulation refer to the active capital stock (Ka), rather than the
capital stock in existence (Ke). Various methods, which are commonly
used to derive estimates of the active capital stock from the estimates
of the existing capital stock, were mentioned in the previous chapter.

It may be that one of these methods could be used to adjust the estimates
of the active capital stock to arrive at estimates of the existing
capital stock. The two rates of growth could then be compared to
provide evidence on the relationship between gw and g.
The capitel stock in use at any moment in time may be defined as;
Ka = 0Ke (8.8)

where: ka

active capital stock;
]

Ke

utilisation coefficient;

existing capital stock.

The rate of growth of the aotive capital stock may therefore be

1. Assuming there is always some margin of excess capacity; cf.
J.R. Hicks, A Contribution to the Theory of the Trade Cycle (Oxford,
0.U.P., 1950), p.53; A.K. Sen, op.cit., p.13f.

2. Chapter Seven, pp.281-283.
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expressed as;

ka = ke + ¢

where: ¢ = A9

AKe -

ke Ko

It follows that;
ke = ka - ¢ (8.10)
The problem in estimating ke, given the estimates of ka, lies in
obtaining some proxy for the rate of change in the utilisation of
capital. One approach is to assume that capital is unemployed in the
same proportion as the labour force,l i.e.s
o = (1-u) (8.11)
where: u = proportion of the work force unemployed.
Given this assumption, equation (8.10) may be rewritten asj;

ke = ka - L -uu =ka - (g - n) (8.12)

Estimates of the rate of growth of the existing capital stock are
presented in Table 8.,5. The implied relationships between g and gw
are reported in Table 8.4.

If the rate of growth of the existing capital stock exceeds that
of the active capital stock, then this is indicative of excess capacity
and implies that g is less than gw. Similarly, an increase in the
degree of utilisation (ka exceeds ke) implies that g exceeds gw.

Assuming that the capital stock is under-utilised in the same

proportion as labour, is tantamount to assuming that the warranted rate

1. R.M. Solow, "Technical Change and the Aggregate Production Function",
Review of Economics and Statistics, Vol.39, 1957, pp.312-20; cf.
D.W. Jorgenson and Z. Griliches, "The Explanation of Productivity
Change", Review of Economic Studies, Vol.34, 1967, pp.249-283.
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Table 8,3

Hstimates of the Rate of Growth of the Existing Capital Stock (ke)
in Regional Manufacturing: 1958-1968

Region kal (g-n)z ke

N 0.5 —0.2 O-7
YH 0.8 0,0 | 0.8

EM 9.3 0.1 9.2

EA 8.0 0.0 |'8.0
SE 3.5 0.0 | 3.5
SwW 4.0 0.0 | 4.0
WM 3.5 -0.1 |3.6
Nw 2.9 0.2 | 2.7
W 2,0 0.1 ]1.9
S 2,5 0.0 ]2.5

NI 7.9 0.1 | 7.8

1. Average ennual rate of growth in the active capital stock (ka):
data obtained from Chapter Seven, Table 7.13,

2. Rate of growth in the proportion of the work force employed:
data obtained from Chapter Seven, Table 7.16.

3, ke = ka - (£ = n). (Equation (8.12) in text)
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Table 804‘
The Relationship Between the Warranted (gw) and Actual (g) Rates

of Growth Implied by the Estimates of the Proportionate Change
in Capacity Utilisationl

Region g

=
og
A

YH g

il

% 2
R ]
1] v
2 2 % ¥ 2% 8 % 8 F ¥ % %

B

(o2}
=
4]

]

=
L]
4]
v

1. Cf. Table 8,3.




of growth is equal to the natural rate of growth, That is, regions
with g greater than gn (Table 8.2) exhibit g greater than gw (Table
8.4).

The use of the proportion of the labour force employed as a proxy
for the utilisation of capital, may be criticised on a number of grounds.1
It is particularly hazardous where labour may be hoarded, which is likely
to be the case in many U.K. regions.2 In this event the proportion of
capital under-utilised will be under-estimated, particularly in areas
where labour is in short supply. Those regions with an excess demand
for labour on average (YH, EM, EA, SE, WM) would probably have experienced
a rate of growth in the existing capital stock greater than the estimates
of Table 8.3 imply. In other words, the tendency for gw to exceed g
would be greater than is implied in Table 8.4. (Although it should be
noted that this argument would not effect the estimate of the relation-
ship between gw and g for the West Midlands - it would only enhance the
inequality in the same direction.)

An alternative approach to obtaining an assessment of the relation-
ship between gw and g, is to examine the capital-output ratio. Once
Harrod's theory of divergent growth is accepted, it follows that
deviations of g from gw will be reflected, via the utilisation coefficient,
in variations in the Incremental Capital-Output Ratio (ICOR). If
capacity is deficient (g > gw) the actual ICOR should be relatively low.

If there is excess capacity (g < gw), the actual ICOR should be relatively

1. C. Kennedy and A.P. Thirlwall, "Surveys in Applied Economics: Technical
Progress", Economic Journal, Vol.82, 1972, p.29f.

2. C.P, Harris and A.P. Thirlwall, "Interregional Variations in Cyclical
Sensitivity to Unemployment in the U.K. 1949-1964", Bulletin of the
Oxford University Institute of Economics and Statistics, Vol.30, 1968,

P63,
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high.
Earlier in the thesis estimates were reported for the rate of

growth of the capital-output ratio (d) where;

_ (LKa _AY
d..(Ka— Y) (8.13)

If the rate of growth in the capital-output ratio is positive, then

(A%E) exceeds (A%); in other wards if 'd' is positive;
AKs | Xa (8.14)

Assuming that the extent of the divergence of the actual ICOR from
the Average Capital-Output Ratio, reflects variations in the degree of
capacity utilisation, these estimates may be used to obtain information
about the relationship between g and gw, within each region. Relatively
high values of 'd', as in equation (8.14) will reflect relatively high
values of the ICOR (v) and relatively low values of g. Relatively low
values of 'd' may reflect relatively low values of the ICOR, which could
be indicative of deficient capacity (i.e. g exceeds gw).

Table 8.5 reports the estimates for the rate of growth of the
capital-output ratio (d), together with the implied relationship between
gw and g.l It is interesting to note that in the two regions where the
unemployment rate is growing over time (N and HM), g apparently exceeds
aw. This does not augre well for the long term prospects of those
regions.

There are however, a number of problems with the approach adopted
above. To use a single 'benchmark' (the national rate) to measure

relatively high or low values of d, is to assume that the warranted rate

1. 'Excessive' or 'deficient' values of 'd' are judged with respect to
the national average, which was estimated as -1.9 over the period.
Cf. Chapter Seven, Table 7.15. ,
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Table 8.5

Estimates of the Rate of Growth in the Capital-Output Ratio

and the Implied Relationship Between the 'Actual! and
'‘Warranted' Rates of Growth

Region d1 g oW
N 3.2 g > 8w
YH -3.0 & > 8w
EM 0.8 g < gw
EA -1.2 g < 8W
SE -2.0 g > aw
SW -2.0 g > 8w
WM -2.0 g > gw
NW -1.5 g < 8w
W =33 g > gw
S 2.1 g > 8w
NI 0.8 g < &w

l. d = (A% - A%). Data was obtained from Chapter Seven, Table 7.15.
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is the same in all regions, Also, it may be argued that the use of a
single 'benchmark' does not take adequate account of those factors,
specific to each region, which effect the 'optimum' capital-output
ratio; such as technical progress, variations in techniques, etc.
'Excessive' or 'deficient' accumulation must be measured in terms of
deviations of the actual rate of growth of the capital-output ratio,
from that rate which would occur (in each region) when an allowance is
made for those factors.

For these reasons the above interpretation of inter-regional
differences in variations in the capital-output ratio must be rejected.
An alternative approach must take into account inter-regional differences
in the 'optimum' rate of growth in the capital-output ratio, and which
recognisés that the data for the rate of capital accumuletion refers to
the rate of growth in the active capital stock, and not to the desired
rate of accumulation.

This alternative approach rests on the assumption that initially
all regions were faced with excess capacity. This is a reasonable
assumption, given that the base year of this study (1958) was a recession
year. Given this, rates of growth of output in excess of the growth in
the active capital stock (d < O) reflect increasing degrees of utilisation,
and therefore a tendency for the actual rate to exceed the warranted rate.
An excess of the growth of the capital stock over that of output (d > 0),
will reflect growing excess capacity and thus gw in excess of g.

The relationship between the rates of growth of the capital stock
and of output has already been mentioned in Chapter Seven, where a high

positive correlation was observed between g and ka.1 This relation-

1. Chapter Seven, pp.288-290.



ship was also implicit in the discussion of the 'Verdoorn' coefficient.l
The importance of technical progress and input substitution in
determining the capital-output ratio, has been formalised by Professor
Kaldor in his 'Technical Progress Function'.2 This function may be
construed as establishing a relationship between the rate of capital
accumulation and the rate of growth of output; although in its latest
version the analysis is cast in terms of investment and output.3 The
relationship is such that increases in the rate of growth of the capital
stock are associated with increases in the rate of growth of output,
although at a diminishing rate. The Function is depicted graphically
in Pigure 8.1. At some rate of growth the capital-output ratio is
constant, and thus Harrod's requirement for steady growth4 is satisfied.
The economy will be in long period equilibrium at point P in the diagram.
At any other point on the curve the economy will be in short period
equilibrium,5 for, although the warranted rate of growth is not constant,
the capital stock is fully employed. Kaldor also indicates that, due
to lags in the adjustment of the capital stock in the short rum, ". . .

periods of accelerating growth are likely to be periods in which the

1. Chapter Seven, pp.273-278.

2. N. Kaldor, "A Model of Economic Growth", Economic Journal, Vol.67,
1957, pp.591-624; N. Kaldor, "Economic Growth and the Problem of
Inflation", Economica, Vol.26, 1959, pp.212-226 and 287-298;

N. Kaldor, 'Capital Accumulation and Economic Growth' in F.A., ILutz
and D.C. Hague (eds.), The Theory of Capital, I.E.A. (London,
Macmillan, 1961), pp.l77-222.

3. N. Kaldor and J.A. Mirrlees, "A New Model of Economic Growth",
Review of Economic Studies, Vol.29, 1961-2, pp.l174-190.

4, That is, a constant 'v_'. See H, Uzawa, "Neutral Inventions and
the Stability of Growth Equilibrium", Review of Economic Studies,
Vol.28, 1961, pp.ll7-124.

5. N. Kaldor, "A Model of Economic Growth", op.cit., p.609.
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Figure 8.1

The Relationship Between the Equilibrium Rates of Growth of
Qutput end the Capital Stock

45

’————————-—-—




capital/output ratio is falling, and periods of decelerating growth are

those in which the capital/output ratio is rising."l In other words

if g exceeds gw (accelerating growth) the output/capital ratio is likely
to be greater than that predicted by the Technical Progress Function.

If gw exceeds g (decelerating growth), the reverse will be the case.

If the Technical Progress Function for each region could be
observed, then the actual rate of growth of output could be compared
with that 'predicted' by the Function. This would enable us to infer
the relationship between gw and g. If output growth in any region was
greater than that 'predicted', this would imply accelerating growth,
and g in excess of gw.2 Similarly, if the rate of growth of output
was less than that predicted on the basis of the prevailing rate of
accumulation, then gw exceeds g in that region. This is the substan-
tive part of the argument to be adopted.

The problem is that, due to insufficient data, we cannot observe
the 'Technical Progress Function' for each region. To assume that the
Technical Progress Function is the same in all regions, would retain
the 'spirit' of the analysis presented in Chapter Four.3 It could then
be argued that each region, in the light of its own factor supplies and
quality of entrepreneurship, 'selected' a position on the common

'Technical Progress Function'.4

1. Ibid., p.623n.

2. Given the assumption of excess capacity initially in all regions, it
is possible for the growth rate of output to exceed the rate of growth
of capacity (g > aw).

3. Cf. Chapter Four, pp.125f, 134-139.

4, A Technical Progress Function is not necessarily inconsistent with the
assumption of a Cobb-Douglas Production Function. See H.A.J. Green,
"Growth Models, Capital and Stability", Economic Journal, Vol.70, 1960,
pp.57-73; J. Black, "The Technical Progress Function and the Produc-
tion Function", Economica, Vol.29, 1962, pp.l166-170; C. Kennedy,
"Induced Bias in Innovation and the Theory of Distribution", Economic
Journal, Vol.74, 1964, p.547.
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Given these assumptions, the Technical Progress Function was
estimated, in linear and non-linear form, for the U.K. regions over the
period 1958-1968. Whilst the results do not differ substantially, the
non-linear form is preferred on theoretical grounds.

The estimate of the (non—linear) Technical Progress Function is;1

g = 3.383 + 0.603k - 0.003k° ,
(0.304)* (0.029) R = 0.897

Although the estimate on the quadratic term (k2) is insignificant there
is a slight trace of diminishing returns in the function.

It has been argued that values of output growth (g) in excess of
that predicted by the function (gw), reflect rising profit rates as
capacity is more heavily utilised; and thus an excess of g over gw.
Actual growth rates of output less than that predicted by the function,
imply that gw is in excess of g. Table 8.6 reports the deviations of
the actual rate of growth of output from the predicted rate over the
period. If the interpretation of these deviations is correct, a
positive deviation is indicative of higher degrees of capacity utilisa-
tion, and that g exceeds gw. Similarly, a negative deviation indicates
a falling degree of capacity utilisation, and that gw exceeds g.

We would expect the observations for the regions with growing
excess capacity (g < gw), to lie closer to the hypothetical regression
line, than do the observations for those regions where g is in excess
of gw. This is because it is easier to operate on the function when
there is spare capacity, than it is when there is deficient capacity.
Thus, we expect the 'mean absolute value' of the negative deviations to

be less than the 'mean absolute value' of the positive deviations. The

1. Data was obtained from Chapter Seven, Table 7.15.
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Table 8,6

Deviations of the Actual Rate of Growth of Output (g) from that
Predicted upon the basis of the Technical Progress Function (2)

Region g > é g < é
N 0.02
YH -0.06
EM -0.24
EA 1.18
SE 0.04
SW 0.25
WM -0.05
NW -0.70
w 0.72
S -0.27
NI -0.86
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mean absolute value of the negative deviations is |0.363|, whilst for
the positive deviations it is | 0.442). On both theoretical and
empirical grounds, this approach appears to yield meaningful results.

The implied value of the relationship between the warranted and
actual rates of growth, using this method,1 are reported in Table 8.7,
together with the relationship between g and gn derived earlier,

The South East is appérently experiencing relatively steady growth
with warranted, actual and natural rates equal, and with minimum
unemployment on average. An example of a Robinsonian 'Golden Age' if
ever there was one! The North West and Northern Ireland have desired
and actual growth rates in excess of the natural rate. This phase can
only be transitory, for either the 'animal spirits' will be dimmed
before full employment is reached, or the constraints of full employment
will reduce the actual rate of growth. Scotland and Yorkshire and
Humberside appear to be experiencing growth at the natural rate, but
with an excess of the desired rate of accumulation over the actual rate.2
Apparently there are constraints, either in the form of structural factors
or in financing investment, which prevent growth from proceeding at a
higher rate. The constraint in Yorkshire and Humberside is likely to
be the labour supply. Scotland, however, has a chronic labour surplus
which indicates that the constraint is probably involved with the
financing of investment or with the structural characteristics of the
unemployed. The BEast Midlands and Wales appear to be experiencing a

transitory phase, with growth in excess of the natural rate, but less

1. Where the deviation did not exceed 0.05 the two rates were assumed
to be equal.

2. A 'restrained golden age' in Mrs. Robinson's terminology.
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Table 8.7

Estimates of the Relationships Between the 'Natural' (gn),
'Actual' (g) and 'Warranted' (gw) Rates of Growth

Region g ¢ gwl g gn2
N g = gw g <gn
YH g < gu g=gn
EM g < gw g > gn
EA g > aw g=gan
SE g = aw g = gn
SW g > gw g =gn
WM g = aw g<en
NW g < gw g > gn
L g > gw g >gn
S g < gw g=gan
NI g < gw g > gn

1. Obtained from Table 8.6: g > g implies g > gw.

2. Obtained from Table 8.,2.



than that warranted by thriftiness and technical conditions. East
Anglia and the South West are experiencing full employment (of 1abour)
growth, in excess of the warranted rate. In the North and the West
Midlands steady growth is proceeding at the warranted rate,l but at a
rate less than sufficient to maintain the work force fully employed.

The preceding analysis not only provides an interpretation of the
'growth experience' of any single region, but also enables us to estab-
lish a number of points about regional economic growth in general.
Firstly, it has been demonstrated that steady growth2 does not appear to
rule in any of the regions, although some appear to be operating in
conditions of short run producers equilibrium (g = gw). Secondly, in
many regions it is apparent that the rate of accumulation effectively
determines the rate of growth, and not the operation of bottlenecks
associated with labour supply.

If any single conclusion can be drawn, it is that the regions
exhibit a bewildering array of 'growth postures'. In particular the
contrast between the North and the West Midlands, and the southern
regions must be noted.

In the context of Harrod's model these differences are extremely
significant, for they demonstrate that short-term national economic
policy is bound to exacerbate the problems of particular regions. The
real dilemma of regional policy lies not in treating different areas
differently, whilst attempting to achieve national policy objectives in

the short term, but in recognizing the importance that short term policy

1. This finding that gw = g is interesting in the light of Thirlwall's
(unexpected) finding that the North is a 'eyclically insensitive!
region., A.P. Thirlwall, "Regional Unemployment as a Cyclical
Phenomenon", Scottish Journal of Political Economy, Vol.l3, 1966,
p.210f,

2, That is, with a constant capital-output ratio (vr).
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decisions may have for longer term regional economic growth and stability.
In bringing together the concepts of the 'Technical Progress Function'

and 'Verdoorn's Law', it is possible to formalise these contradictions in
the context of Kaldor's model of divergent regional economic growth.

The concluding chapter of this thesis will be concerned with a discussion
of Kaldor's model, and with highlighting the findings in this and the

previous chapters.,




Chapter Nine

Concluding Remarks

This chapter highlights some of the major findings of the thesis
with the aid of Kaldor's model of regional economic growth.l Since
this model has provided a theoretical basis (or justification) for
certain regional policies, it should prove a convenient vehicle for
drawing the main results together.

Kaldor's model is addressed to the problem of ". . . what causes
differences in regional growth rates".2 Kaldor contends that the
". . . principle of cumulative causation - which explains the unequal
incidence of industrial development by endogenous factors resulting
from the process of historical development itself rather than by
exogenous differences in resource endowment - is an essential one for
the understanding of the diverse trends of development as between
different regions."3’ 4

The centre of the argument is that the major exogenous component
of regional economic growth is the demand for exports. Regions which

gain an initial competitive advantage find that the operation of the

'Verdoorn effect' increases their competitive advantage still further.

Due to the mobility of labour and institutional factors, differences in

labour productivity between regions are not offset by differences in

l. N. Kaldor, "The Case for Regional Policies", Scottish Journal of
Political Economy, Vol.l1l7, 1970, pp.337-347.

2. Thid., ».537.
3. Ibid., p.343.

4, Cf. G, Myrdal, Economic Theory and Underdeveloped Regions (London,
Methuen, 19633.
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the wage rate. As a result of this process an initial competitive
advantage, or disadvantage, is continually reinforced.l Since
individual regions do not possess a mechanism for exchange rate adjust-
ment, national policies must be introduced to offset any competitive
advantage or disadvantage. One solution is to subsidise labour costs
in the lagging regions (equivalent to a devaluation). This has the
additional advantages of being financed mainly from outside the region
and of subsidising a factor in excess supply.2

The dynamic properties of Kaldor's model may be formalised with
the aid of difference equations. For any region we may specify four
'structural equations' which determine the growth rates of output,

exports, domestic prices and productivity.3

g = uXx (901)
X =np+ 2 + CCp (9.2)
P=WwW-T+7 (9.3)
r= I‘a + Ag (904)

where: y = elasticity of regional output with respect to exports;
n = price elasticity of the demand for exports;
r= 'cross-elasticity' of the demand for exports;
a» = 'Verdoorn' coefficient,
and all other variables refer to rates of growth;

g = regional output,

1. Similar views may be found in: N. Kaldor, "Conflicts in National
Economic Objectives", Economic Journal, Vol.81, 1971, pp.l-16;
E. Olsen, "Regional Income Differences within a Common Market",
Papers and Proceedings of the Regional Science Association, Vol.l4,
1965, pp.35-41.

2, Cf. R.G. McCrone, "The Location of Economic Activity in the United
Kingdom", Urban Studies, Vol.9, 1972, pp.369-375.

3. Assuming that the region may be treated ‘'as if' it were a single
fully-integrated firm,



X = exports,
P = prices,
z = index of world demand for the products of the region,

cp = competitor's prices,

=
il

wage rate,

H
I

productivity of labour,

1 = 'mark-up?,
.- autonomous productivity growth.
Equation (9.1) expresses the growth of (total) regional output as
a function of the growth in export production. Assuming that there is
excess capacity,l the rate of growth of export production will be deter-
mined by the growth in the demand for exports. The export demand
function is assumed to be multiplicative in form, which yields an
additive relationship when expressed in terms of growth rates (equation
(9.2)). Prices are assumed to be set by a mark-up on unit labour
costs.2 Equation (9.4) expresses the 'Verdoorn' relationship.3
Consider a simple dynamic process, where output responds to a change
in demand only after a lag of one period has elapsed, i.e.;
g, = UE,_, (9.5)
Given that all other variables respond instantaneously, equations
(9.2)-(9.4) may be substituted into (9.5), to yield an expression for
current output growth;

g =¥ [n (wer +1)+5+ ccp:l - uing, . (9.6)

1. N. Kaldor, op.cit., p.342.
2, Cf, Chapter Five, p.210.

3. Chapter Seven, pp.273-281.



Equation (9.6) is a 'first-order non-homogeneous difference equation',1
of the form;

€y = %84, t+ B (9.7)

The time path of the growth rate in any region depends crucially upon
the value of «, in equation (9.7).2 Since we would expect the product
of the coefficients y, A and n, in equation (9.6) to be negative, « will
assume a value greater than zero. The system will therefore be non-
oscillatory.

In the unlikely event that « equals unity, the growth rate will
increase at a steady rate over time. If « exceeds unity, the growth
rate will explode towards +» or —~, depending upon the initial conditions.
If the value of « lies between zero and unity, the growth path will
converge towards an equilibrium value (ge). The equilibrium path will

be determined as;

v (w-ra+r)+z+ccp___l

o 1+ pAn (9'8)

We would expect that this latter alternative (convergent growth) is
most likely to be the case, given reasonable values for ) and n. It
follows that to explain why there are ". . . persistent differences in

."3

growth rates . . between regions, we must explain why the 'equilibrium'

growth path will differ between regions. This will depend primarily upon

1. D.S. Huang, Introduction to the Use of Mathematics in Economic Analysis
(New York, Wiley, 1964), pp.147-151. W.J. Baumol, Economic Dynamics
(London, Macmillan, Third Edition, 1970), p.180f.

2, The discussion follows the mathematical format of D.S. Huang, op.cit.,
pp.148-151.

3. N. Kaldor, op.cit., p.337.
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two factors;l wage and price behaviour, and inter-regional differences
in industrial structure. As we have seen, Kaldor does attempt to
explain why wages rates will not differ substantially between regions.
Little attention, however, is devoted to price formation (t). The
structure of industry is likely to be important, not only in determining
the values'of the parameters, but also through its influence upon the
magnitude of z, the rate of growth in world demand for the products of
the region.

The model rests upon a number of propositions which warrant further
consideration. For example, it is hypofhesised: that growth is
'demand-led', rather than constrained by factor supplies; that export
demand is determined by relative prices, themselves determined by rela-
tive unit labour costs; and that productivity growth is endogenous,
determined according to 'Verdoorn's Law'.

Since the model may be characterised as one variant of theories
known as 'export-base' models,2 it is open to many of the criticisms of

3

such models. These are, that the growth process should be viewed in

terms of factor supplies rather than in terms of demand considerations;4

1. Assuming that B and cp do not differ substantially between regions.

2. D.C. North, "Location Theory and Regional Economic Growth", Journal
of Political Economy, Vol.63, 1955, pp.243-258.

3. C.M. Tiebout, "Exports aml Regional Economic Growth", Journal of
Political Economy, Vol.64, 1956, pp.l160-164; H.W. Richardson,
Regional Economics (London, Weidenfeld and Nicolson, 1969), pp.336-339.

4, This is the approach implicit in many works of regional economic growth:

G.H. Borts and J.L. Stein, Economic Growth in a Free Market (New York,
Columbia Universith Press, 1964); J.T. Romans, Capital Exports and
Growth Among U.S. Regions (Connecticut, Wesleyan University Press,
1965); H. Siebert, Regional Economic Growth: Theory and Policy
(Scranton, International Textbook Co., 1969).




- 329 -

and that exports are not the sole, or even the major, autonomous component
of regional demand.

The view that economic growth is constrained by factor supplies is
clearly not applicable to the lagging regions of the U.K. These areas
are characterised by an excess supply of labour and, in general, by excess
productive capacity.l The notion that a 'demand-constrained' model is
relevant for these regions is supported by research at the N.I.E.S.R.,
which demonstrates that to understand the regional problem, ". . .
differences in [¥h§7 pressure of demand are of key importance".2
Unemployment is high in certain regions ", . . basically, and predomi-
nately, because these regions suffer from a deficiency of effective
demand, which is persistent rather than periodic."3 Clearly, for these
regions, a model which emphasises the growth rate of demand, rather than
factor supplies, is the most relevant.4

A more substantial criticism refers to Kaldor's claim that ".
from the point of view of any particular region, the 'autonomous component
of demand' is the demand emanating from outside the region."5 The major

problem here would seem to be about the role of 'autonomous investment'.

1. Chapter Eight, pp.308-323.

2. A.J., Brown et al, "Regional Problems and Regional Policy", National
Institute Economic Review, No.46, 1958, p.42.

3. Ibid.’ p.45.

4., In Kaldor's world of 'increasing returns forever' it is doubtful if
factor supplies could ever provide an effective constraint: N. Kaldor,
"The Irrelevance of Equilibrium Economics", Economic Journal, Vol.82,
1972, pp.1237-1255.

5. N, Kaldor, "The Case for Regional Policies", op.cit., p.342.
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which is of great importance in Hicks' model of the trade cycle.
The notion that the term 'autonomous investment' is a misnomer has a
long history in Kaldor's writings,3 indeed the Technical Progress
Function may itself be construed as supplying Kaldor's reply to this
notion.4 It is implicit in Kaldor's model that capital accumulation
is endogenous to the system.5

Kaldor can be criticised for giving insufficient attention to the
role of the government and tertiary sectors. The neglect of the
government sector is explained largely in terms of thé methodology of
economic theorising in general, which concentrates upon behaviour in a
system without a government sector in order to contemplate better the
role of government policy. This neglect is also explained by the
belief, implicit in a major part of economic theory, that the behaviour
of the government sector cannot itself be explained in terms of
behavioural (causal) relationships. Given the absence of a satis-
factory theory of government behaviour, it is difficult to include this

sector in the model other than in the role of a 'deus ex machina'.

1. J.R. Hicks, "Mr, Harrod's Dynamic Theory", Economica, Vol.1l6, 1949,
pp.106-121; J.R. Hicks, A Contribution to the Theory of the Trade
Cycle (Oxford, 0.U.P., 1950).

2. It is interesting that a recent 'Hicksian' model of regional economic
growth does not include an 'autonomous investment' component;
L.M, Hartman and D. Seckler, "Towards the Application of Dynamic
Growth Theory to Regions", Journal of Regional Science, Vol.7, 1967,
Pp.167-173.

3. N. Kaldor, "Mr. Hicks on the Trade Cycle", Economic Journal, Vol.61,
1951, p.842.

4., Cf. Chapter Eight, pp.316-319; the estimate of the Technical Progress
Function for the regions indicates that ninety per cent of the growth
in the capital stock may be 'explained' by the growth in output.

5. N. Kaldor, "The Case for Regional Policies", op.cit., p.339.



The ebsence of an analysis of the tertiary sector is a reflection
of Kaldor's belief (substantiated by some evidence),l that ". . . the
prevailing distribution of real income . . . is largely to be explained
« « « Dy the unequal incidence of development in industrial activities."2
We turn now to a discussion of the 'Verdoorn effect'. It has been
emphasised that this relationship should be viewed in terms of a
'Technical Progress Function', given Kaldor's view that the growth in
the capital stock is endogenous. Earlier, a significant relationship
was established between the rates of growth of output and of productivity
in the regions,3 although there may be some argument over ‘identification'
and the direction of causation. Similarly, the estimates for the
'Technical Progress Function'4 end the Cobb-Douglas production relations,5
are consistent with the 'Verdoorn' hypothesis. Of particular importance
in this regard are the findings, that approximately one-half of produc-
tivity growth is autonomous,6 and that it is reasonable to assume that
neutral technical progress proceeds at roughly the same rate in all
regions.7 It has also been found that inter-regional differences in

the 'efficiency parameter' explain little of the variation in labour

1. N. Kaldor, Causes of the Slow Rate of Economic Growth in the United
Kingdom (Cambridge, C.U.P., 1966). Cf. G.C. Archibald, 'On Regional
Economic Policy in the U.K.', in M. Peston and B. Corry (eds.) Essays
in Honour of Lord Robbins (London, Weidenfeld and Nicolson, 1972),
PP.224-245,

2. N. Kaldor, op.cit., p.339.
3. Chapter Seven, p.278.
4, Chapter Eight, p.319.
5. Chapter Four, passim,

6., Chapter Seven, p.278f.

7. Chapter Four, pp.l1l25f, 134-139.
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productivity between regions.1 Taken together, these findings imply
that the 'position' of the Technical Progress Function, which is
indicative of the rate of disembodied technical progress, is roughly
the same for all regions. Differences in the level and growth of
productivity appear to be due mainly to the rate at which 'technical
progress' is embodied in capital equipment,2 which is primarily deter-
mines by the rate of output growth.3

The real advantage of adopting a 'growth-oriented' approach lies
in understanding the significance of the 'Verdoorn effect' for employ-
ment growth. From the point of view of productivity growth (and thus
the standard of living of the employed population), the aim of policy
must be to induce higher rates of labour saving. The effect of these
measures upon the rate of employment growth will depend upon the
particular slope of the Technical Progress Function, and the rate of
growth of output. The higher the rate of autonomous productivity
growth and the closer the 'Verdoorn coefficient' is to unity, the larger
will be the rate of labour saving. Output will have to expand proportion-
ately faster if growth at the natural rate is to be achieved. National
policies which aim for higher rates of disembodied productivity growth
may, in the absence of demand expansion in the lagging regions, have

serious effects upon employment prospects in the peripheral areas.

1. Chapter Six, passim,
2. Chapters Four and Six.,

3. Emphasis on the endogenous nature of observed productivity growth,
does not preclude the application of policy measures which aim to
'shift' or 'bend' the Technical Progress Function. This would be
in addition to policies aimed towards inducing a movement along the
function.
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These policies increase the rate of autonomous productivity growth
(labour saving) in all regions, without at the same time giving a
competitive advantage to the peripheral areas.l For growth with full
employment, the higher rates of labour saving must be matched by
policies to increase the demand for the products of the lagging regions -
in Verdoorn's world one must run in order to stand still!

It should be emphasised that up to this point, the discussion has
assumed that the rate at which productivity growth is induced (the
magnitude of the Verdoorn coefficient) is the same in all regions.

This may not be the case. To the extent that excess capacity, slow
growth, and the outmigration of labour and enterprise2 tend to diminish
technical dynamism, the cumulative process (outlined by Kaldor) will
become even more accentuated. Paradoxically these shifts in the
Technical Progress Function will act to reduce the rate at which labour
is saved, and thus (ceteris paribus) reduce the rate of decline in
employment.3

The extent of the change in output and employment associated with
an 'autonomous' change in demand, will depend upon three coefficients:
the initial multiplier effects of the change in aggregate demand upon
regional output; the size of the 'Verdoorn effect', which may induce
a further expansion of regional exports; and the rate of autonomous

productivity growth. If policy measures designed to effect the rate

1. This process may be exacerbated as (demand ) induced labour saving
in the rapidly growing regions is passed on autonomously (probably
in disembodied form) to producers in the lagging regions.

2. G. Myrdal, op.cit., p.27.

3. Chapter Seven, pp.279-282.
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of growth of demand combine with measures to increase the rate at which
technical progress is induced, then the cumulative forces will themselves
be strengthened. If this were adopted as a policy measure there may be
some conflict between the objective of rapid productivity growth and

that of increased employment, unless the rate at which demand expands

is sufficiently rapid.

It follows that the expansion of demand is of prime importance to
the lagging regions, although it must be remembered that the required
rate of demand expansion is, itself, dependent upon the rate at which
labour saving is induced by the expansion in output. Whether, as
Kaldor claims, the required expansion in demand may be brought about as
a result of subsidies is another matter.

As Kaldor recognises, the growth of exports depends upon two
factors, the rate of growth of world demand for the regions' products,
and on the 'competitiveness' of the region.l It is hypothesised that
'competitiveness' is determined by movements in the 'efficiency wage'
in the producing region, relative to other regions. Our earlier
analysis of the relationship between various measures of comparative
advantage and industrial gtructure, throws some doubt upon the hypothesis
that efficiency wages (operating through relative prices) determine the
patterns of regional specialisation.2 Contrary to this hypothesis, it
was found that specialisation tended to be related more to productivity
alone than to the efficiency wage.3

Some evidence was found to indicate that the industrial pattern of

1. N. Kaldor, "The Case for Regional Policies", op.cit., p.342.

3. Chapter Two, Tables 2.7 and 2.8.
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expansion is related, for some regions, to comparative unit labour costs.l
In particular, it was seen that the 'differential components' in each
region appear to be related to the pattern of comparative unit labour
costs.2 Although this may reflect the influence of growth upon produc-
tivity, rather than that of productivity upon exports, it does appear as
though changes in market shares are related to efficiency wage levels,

To the extent that the causal direction is from efficiency wage units to
market shares, a subsidy to labour will (cet.par.) effect the growth of
regional exports. This assumes of course that the subsidy is reflected
in price changes. To the extent that it is absorbed in increased
margins or wages, or its importance diminishes as inflation proceeds
(because the payment is fixed in money terms), it cannot e gin to have
the desired effect.3 It appears however, that changes in market shares
are of relatively minor importance as a determinant of output and employ-
ment trends. The 'rate component' in a 'shift-share analysis' may be
interpreted as reflecting the influence of changing market shares on
regional employment growth.4 In Chapter Seven we noted that this factor
has been dominated by the 'composition' and interaction components,
especially in determining growth differentials between regions.5 It is
unlikely, given the scale of payment, that the effect of the R.E.P. upon

market shares will offset the influence of trends in the size of markets

1. Chapter Three, pp.80-89.
2. Chapter Three, pp.89-95.

3. Cf., B, Moore and J. Rhodes, "Evaluating the Effects of British
Regional Economic Policy", Economic Journal, Veol,.83, 1973, pp.87-110.

4, Cf. H.S. Perloff et al, Regions, Resources and Economic Growth
(Baltimore, John Hopkins Press, 1960), pp.63-96.

5. Chapter Seven, pp.248-265.
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as a whole. It is here that structural factors are extremely important,
for an increased share of a declining market is likely to mean little in
terms of sustained regional growth. The major impact of the labour
subsidy is likely to be seen in a reduction in the rate atwhich labour
is made redundant, rather than in the generation of long term employment
prosPects.1 The subsidy itself does not discriminate in favour of
'growth industries', indeed it tends to favour relatively labour
intensive industries.2 If it were paid on a more selective basis, and
at a sufficiently high rate, it would serve (given Kaldor's assumptions)
to offset the deleterious influence of industrial structure.

Given the model outlined by Kaldor, there are three direct means of
inducing a higher rate of sustained growth.3 Firstly, labour subsidies,
which have already been discussed. Secondly, efficiency wages, and thus
exports, may be affected by increasing the rate of autonomous productivity
growth in the lagging regions. In Kaldor's model the effect of this
upon output growth will be the same as for a labour subsidy, although
the rate of labour saving will be increased and employment growth
correspondingly slower. A third measure, already discussed, would be
to increase the rate at which productivity growth is induced. This
will increase the rate of output growth, but will also tend to lower
the rate of growth of employment.

In practice the use of both the R.E.P. and differential allowances

to investment indicates that government policy is operating on all three

1. R.R. MacKay, "Employment Creation in the Development Areas", Scottish
Journal of Political Economy, Vol.1l9, 1972, p.288.

2. A latter-day 'transformation' problem!

3., Kaldor neglects policies for 'import substitution'.
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of these variables.l We have already seen that the substitution of
capital for labour was an important factor in explaining the relatively
low employment growth in many of the lagging regions.2

An additional criticism of Kaldor's model, and a feature implicit
in British regional policy, is that it views regional economic growth
as 'competitive'. The notion that growth may be induced by altering
market shares implies that growth in the lagging regions must be at the
expense of other regions.3 To some extent the prophecy is self-
fulfilling in that, mainly as a result of government policy, growth has
partly been at the expense of the (so-called) 'intermediate areas'.4
There is no evidence that this need be the case. Indeed there is no
evidence that growth of the (already) prosperous regions need be at the
expense of the peripheral regions.5 It should be the rﬁle of policy
to concentrate upon the 'spread effects'6 to ensure that growth is
transmitted and diffused throughout the system. If these policies do
not have the desired effect then fiscal policy, applied discriminatingly

between areas, should be resorted to.

1., The effect of government policy upon the 'capital-intensity' of
production is discussed in A.J. Brown, 'Impact of Investment Grants
on Capital-Intensive Industry', op.cit., pB7f.

2. Chapter Seven, pp.286-288.

3. Regional economic growth as a 'competitive' process is discussed in
J.H. Cumberland, Regional Development: Experiences and Prospects in
the United States of America (The Hague, Mouton, 1971), pp.135-145.

4. Department of Economic Affairs, The Intermediate Areas, Cmnd.3998
(London, H.M.S.0., 1969);D.F. Lomax, "Some Thoughts on Regional

Policy", National Westminster Bank Quarterly Review, August 1972,
p.49.

5. Cf. A.G. Frank, Capitalism and Underdevelopment in Latin America
(Harmondsworth, Penguin, 1971), pp.32-36.

6. G. Myrdal, op.cit.,, pPp.31-33.



'backwash' and 'spread' effects requires detailed empirical and
theoretical analysis. Without this information regional policy measures
may be self-defeating.

The major area for further work appears to involve the study of
labour demand, particularly in the context of growth models. The
significance of the 'Verdoorn effect' for understanding employment
growth, and for policies towards reducing unemployment, cannot be
questioned. It is undoubtedly in this area that further study is
likely to prove most beneficial, for the dynamic inter-relationships
between output and productivity growth are an important determinant of

employment prospects.
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