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A MODEL OF REGIONAL GROWTH-RATE
DIFFERENCES ON KALDORIAN LINES!

By R. DIXON and A. P. THIRLWALL

Proressor Kaldor has been a long standing critic of the application of
neo-classical modes of thought to the analysis of economic growth and
development. In recent years, in particular, he has followed the line of
Myrdal [1]in attacking the predictions of neo-classical theory that regional
(national) growth-rate differences will tend to narrow with trade and the
free mobility of the factors of production. The essence of the argument is
that once a region gains a growth advantage it will tend to sustain that
advantage through the process of increasing returns that growth itself
induces—the so-called Verdoorn effect [2]. The fullest statement of
Kaldor’s views at the regional level is contained in a lecture to the Scottish
Economic Society published in 1970 [3]. Unfortunately, the model he
presents is purely verbal and lacks the rigour and precision that one
normally associates with Kaldor. The purpose here is to attempt to
formalize the model in order to clarify its structure,? and to consider such
questions as: the role of the Verdoorn effect in contributing to regional
growth-rate differences; whether regional growth-rate differences will tend
to narrow or diverge through time; and how policies of regional ‘devalua-
tion’ can raise a region’s growth rate.3

1 We are grateful to Professor Kaldor, Professor G. Rosenbluth, Professor C. Kennedy,
Mr. I. Gordon, and Mr. J. Craven for critical comments and suggestions for improvement
on an early draft of the paper.

2 This would seem to be worth while especially in view of the confusion that already
seems to have arisen. For example, one author (Richardson [4], pp. 30-4) represents
Kaldor by specifying productivity growth as increasing at an increasing rate with respect
to the growth rate, and the efficiency wage decreasing at an increasing rate with respect to
the growth rate. This leads to the odd result that a region with a steeper productivity-
growth relation will end up with a lower equilibrium growth rate! TFurthermore, Richard-
son’s representation of Kaldor’s model lacks an explicit export demand function which is
the heart of Kaldor’s model. The price and income elasticities of demand for a region’s
exports turn out to be important determinants of its equilibrium growth rate (see later).

3 Kaldor, it will be remembered, has been credited with the invention of the Regional
Employment Premium which since 1967 has given a flat-rate subsidy per unit of labour
employed to employers in manufacturing industry in Development Areas. It should be
stressed, however, that local ‘devaluation’ can only raise permanently a region’s growth
rate if the export demand function is additive rather than multiplicative; that is, if the
demand function is such that the rate of growth of exports is based on absolute price
differences between domestic suppliers and competitors as opposed to the difference in
the rate of growth of prices between domestic and competitive suppliers. If the rate of
growth of exports is the dependent variable, a multiplicative export demand function is
much easier to handle, but, as we shall see, if it is employed, a flat-rate subsidy to labour
combined with ‘mark up’ pricing, cannot raise the equilibrium growth rate permanently.
The same is true of the effect of currency devaluation at the national level. For a fuller
discussion, see later.
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The model is difficult to formulate the way Kaldor describes it but we
can capture its essence relatively easily and bring out its important features.
Kaldor sets up the problem by assuming two regions, initially isolated from
one another, each with an agricultural area and an industrial and market
centre. Trade is then opened up between the two regions, and Kaldor
suggests that the region with the more developed industry will be able to
supply the needs of the agricultural area of the other region on more
favourable terms with the result that the industrial centre of the second
region will lose its market and will tend to be run down without any com-
pensating advantage in the form of increased agricultural output. The
way that we can capture the spirit of this idea is to model an individual
region’s growth rate and then to consider the sources of interregional
differences—stable or divergent—in terms of the parameters of the model.
For example, in the two-region case a necessary condition for the persistence
of stable regional growth rate differences is that the steady-state equili-
brium growth rates of the two regions differ. For the growth rates of two
regions to diverge a necessary condition is that the growth rate of one of
the regions diverges from its own equilibrium rate: It is also a sufficient
condition if the growth rate of the other region is stable or diverges from
equilibrium in the opposite direction. If Kaldor’s arguments are first used
to examine equilibrium growth in one region, therefore, the assumptions
implicit in the hypothesis that regional per capita incomes and/or growth
rates may diverge can then be readily seen. This is the approach adopted
here in an attempt to formalize the model without violating its spirit. His
more complex verbal argument is easily accommodated within the frame-
work outlined. The approach is essentially partial equilibrium in the sense
that each region is considered in isolation from all others, and interregional
relationships are not considered explicitly. Interregional relationships are
considered implicitly, however, since we argue that it is the Verdoorn
effect which can sustain high growth in one region once it obtains an
initial growth advantage, which then makes it difficult for other regions to
compete on equal terms.

In setting up the model we have five specific purposes in mind: First,
to make clear the role of the Verdoorn relationship as it affects regional
growth-rate differences; secondly, to suggest that while the model in theory
can generate divergent or convergent regional growth paths, in practice,
given reasonable parameter values for the model, regional growth diverg-
ence is not likely, as is sometimes implied by use of such phrases as ‘circular
cumulative expansion and contraction’ and ‘vicious spirals’,! and that the
model is best interpreted as predicting constant persistent regional growth-

1 Beckerman [5], in a model of export-led growth which bears many similarities to
Kaldor’s, and predates it, seems to be suggesting a divergent process at the national level.
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rate differences sustained by the Verdoorn effect;! thirdly, to bring out the
importance of regional structure in determining the equilibrium growth
rate, a feature of regional growth which Kaldor does not stress; fourthly,
to evaluate wage subsidies as a policy device for reducing persistent regional
growth-rate differences; and lastly, for interest, to see how close the model
comes to predicting the U.K. growth rate over the post-war years.?

The model3

The main thrust of Kaldor’s argument is Hicks’s view [6] that it is the
growth of autonomous demand which governs the long-run rate of growth
of output. Using the ‘super-multiplier’ Hicks showed that on certain
assumptions both the rate of growth of induced investment and the rate
of growth of consumption become attuned to the rate of growth of autonom-
ous demand so that the rate of growth of autonomous demand will govern
the rate of growth of the economy as a whole. Kaldor argues that in a
regional context the main autonomous demand factor will be demand
emanating from outside the region; that is to say, the demand for aregion’s
exports. According to Kaldor, regional growth is fundamentally deter-
mined by the growth of demand for exports, to which the rate of growth of
investment and consumption adjust. We can therefore write:

g0 = v(@) (13
where g, is the rate of growth of output in time ¢
x, is the rate of growth of exports in time ¢

1 Of course, even constant persistent growth-rate differences will be sufficient for regional
per capita income levels to widen if population growth is the same in each region.

2 Unfortunately the model is not operational at the regional level in the absence of
information on vital parameters and variables.

3 The basis of the model has also been presented and discussed in the context of regional
disparities and regional policy in the E.E.C. (see [13]).

4 Apart from the theoretical considerations underlying this specification there are a
number of practical considerations that make export demand for highly specialized regions
(or countries) extremely important. In most industries in a region, local demand is likely
to be trivial compared with the optimum production capacity of the industries. The
viability of regional enterprise must largely depend on the strength of demand from outside
the region. There are also a number of important reasons why export demand may be a
more potent growth-inducing force than other elements of demand, especially in open,
backward areas—either regions or countries. The first is that exports allow regional
specialization which may bring dynamic as well as static gains. Secondly, exports permit
imports and imports may be important in developing areas which lack the capacity to
produce development goods themselves. Thirdly, if the exchange of information and
technical knowledge is linked to trade, exporting facilitates the flow of technical knowledge
which can improve the growth rate.

5 In the short term, autonomous investment (e.g. originating from government) may
compensate for poor export performance. As far as the model to be developed is con-
cerned, however, the inclusion of two autonomous demand components leads to complica-
tions in deriving the equilibrium and dynamic solutions to the model since the weights
attached to the two components will vary with the growth rate. This, coupled with the
fact that the export component will ultimately dominate the other component if export
growth is faster than autonomous investment growth, has led us, like Kaldor, to ignore
investment demand in the model. All investment is induced.
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and y is the (constant) elasticity of output growth with respect to
export growth (=1 if exports are a constant proportion of
output).

Note that all the growth variables throughout the model are measured
in discrete time.

Now let us consider the determinants of export demand and the form of
the export demand function. Kaldor is not explicit on this point but seems
to be suggesting a multiplicative function such that the rate of growth of
a region’s exports will be related to the rate of change of ‘domestic’ and
‘foreign’ prices and the rate of growth of ‘world’ demand i.e.

X, = P1,P}(Z¢), (21

where X, is the quantity of exports in time ¢

Py, is the domestic price in time ¢

P;,is the competitor’s price in time ¢

Z, is the level of ‘world’ income in time ¢

7 is the price elasticity of demand for exports

3 is the cross elasticity of demand for exports
and ¢ is the income elasticity of demand for exports,

which, for discrete changes, gives the approximation?

o, = N(Pa)+O(ps)te(2), (3)
where lower case letters represent rates of growth of the variables.

The multiplicative demand function is easy to handle, but, as suggested
earlier, it leads to some difficulty if one wishes to interpret Kaldor’s model
as predicting that wage subsidies can raise permanently a lagging region’s
growth rate. On the other hand, there is no reason why Kaldor should be
interpreted in this way; he is (perhaps deliberately) vague on this point.
Presumably few people would want to argue that a once-for-all currency
devaluation, which is analogous to a continual wage subsidy at the regional
level, could raise a nation’s growth rate permanently. We return to this
point later. Returning to equation (3), the rate of growth of income out-
side the region (z) and the rate of change of competitors’ prices (p;) are
both taken as exogenous to the region. The rate of growth of domestic
(export) prices (p,;) can be derived from a mark-up pricing equation of the

form: (B = (W/R),(T), (4)?

1 Alternatively, X; = (Py/P))f Z}, which is frequently how the function is estimated,
which implicitly assumes that n» = 3. E.g. see Houthakker and Magee [7].

2 i.e. excluding interaction terms.

3 Since we specify (in keeping with Kaldor) the mark-up to be on unit labour costs,
and not on total prime costs (which include raw material costs), any change in imported
raw material costs will be included in the last term of equation (5).
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where Py is the domestic price in time ¢
W,is the level of money wages in time ¢
R, is the average product of labour (in the export sector) in time ¢

and T, is 14 9%, mark-up on unit labour costs in time .
From equation (4) we can write the approximation
(®a) = (W)—()+(7), (3)
where the lower case letters stand for discrete rates of change of the
variables.

The third proposition in Kaldor’s model, which is the linchpin of the system,
is that the growth of labour productivity is partly dependent on the growth
of output itself (Verdoorn’s Law), i.e.

= f3(9) fs>0 (6)

or 7= 7,+A9g), (T

where 7, is the rate of autonomous productivity growth and A is the
Verdoorn coefficient.

Equation (7) provides the link between exports and growth via productivity
growth and prices. Combining equations (1), (3), (5), and (7) to obtain an
expression for the equilibrium growth rate gives:

[n(wt_'ra‘l‘ 7 z)+5('Pf)t+€(z)t] 8)
1+ynA

Remembering that 5 << 0, the growth rate is shown to vary positively with
Tqs 25 €, 0, Py, and A, and negatively with w and .2

Note that the Verdoorn effect is a source of regional growth-rate differ-
ences only to the extent that the Verdoorn coefficient (A) varies between
regions or initial differences exist with respect to other parameters and
variables in the model such that 0 << A < 1 serves to exaggerate the effect
of the differences. In other words, the dependence of productivity growth
on the growth rate per se is not sufficient to cause differences in regional
growth rates unless the Verdoorn coefficient varies between regions or
growth rates would diverge for other reasons anyway.

It is equally clear, however, that it is the Verdoorn relation which makes
the model circular and cumulative, and which gives rise to the possibility
that once a region obtains a growth advantage, it will keep it. What this

=

1 Relating productivity growth in the export sector to the rate of growth of total output,
as opposed to the rate of growth of exports, is to treat the economy as if it were a single
fully integrated firm in which it is impossible to distinguish between production runs for
export and production runs for domestic consumption. On the assumption that g = =,
however, the equilibrium growth rate is unaffected.

2 The effect of  is ambiguous since it appears in both the numerator and the denominator
of the equation. Whether growth varies positively or negatively with the absolute size of 9
depends on the other variables and parameters. To determme the effect of variations in 9
numerical analysis would have to be resorted to.
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means is that the Verdoorn relationship plays a sustaining role in the
regional growth process, and a sustaining role in the persistence of regional
growth differences once they have arisen due to initial differences in the
other parameters of the model.

Suppose, for example, that a region obtains an advantage in the pro-
duction of goods with a high income elasticity of demand (e) which causes
its growth rate to rise above that of another region. Through the Verdoorn
effect, productivity growth will be higher; the rate of change of prices
lower (assuming w and 7 are the same in both regions), and the rate of
growth of exports (and hence the rate of growth of output) higher and so
on. Moreover, the fact that the region with the initial advantage will
obtain a competitive advantage in the production of goods with a high
income elasticity of demand will mean that it will be difficult for other
regions to establish the same activities. In models of cumulative causation,
this is the essence of the theory of divergence between ‘centre’ and ‘peri-
phery’ and between industrial and agricultural regions. This is also the
essence of Kaldor’s view that the opening up of trade between regions may
create growth differences which are sustained or even widened by the
process of trade.

Notice that an autonomous shock which raises a region’s growth rate is
not sufficient for its growth advantage to be maintained through the
Verdoorn effect unless the autonomous shock affects favourably the para-
meters and variables of the model (or is a sustained shock). This con-
sideration is important when we come to consider the role of wage subsidies
as a device for affecting the growth rate of a region.

The dependence of the equilibrium growth rate on the parameters of the
model, and the sustaining role of the Verdoorn effect, is illustrated in
Fig. 1 below. For illustration, but without discussion for the moment, the
growth rate is shown converging to its equilibrium rate. The disequilibrium
behaviour of the model is considered explicitly in the next section.

The distance of the curves from the origin reflects factors affecting each
variable other than the variable specified in the functional relation. Fig. 1
shows clearly the link that the Verdoorn relation provides between exports
and growth via productivity and prices, and its sustaining influence. The
steeper the slope of the Verdoorn relation (i.e. the higher A), the higher the
equilibrium growth rate will be and the greater the divergence between
regional growth rates for given differences between regions in other variables
and parameters.

Divergent or convergent growth ?

We come now to the second purpose of formalizing Kaldor’s model
which is to consider under what circumstances there will be a tendency for
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regional growth rates to diverge. In a two-region model, a necessary
condition for divergence is that the growth rate of one of the regions
diverges from its equilibrium rate. Whether divergence will take place is
essentially an empirical issue depending on the stability conditions of the
model in disequilibrium. None of the cumulative causation school, includ-
ing Kaldor, are clear as to what the stability conditions are in their various
models. In order to consider the growth rate in disequilibrium a variety of

= Pa=/i")

B 1\¢QEquiubrium growth -
|t “Initial’ growth
—
x=f(-F) ) 8=/ (%)
Fic. 1

lag structures could be introduced into the equations which constitute the
model. If, for simplicity, we confine ourselves to a first-order system,
inspection of the model shows that, since the model is ‘circular’, a one-
period lag in any of the equations gives the same stability conditions,
namely that convergence to or divergence from the equilibrium growth
rate depends on whether |yyA| S 1, as illustrated in Fig. 1.1 To consider
the growth rate in disequilibrium it would not be unreasonable on economic
grounds to specify exports in time ¢ as a lagged function of its determinants.
It can take time for exporters and/or foreign buyers to adjust to changes
in prices and income. Thus we could write X, = (Pd)?_l(Pf)ts_l(Z)i_l giving
the approximation:

% = N(Pa)i-1+(Dp)i—1+€(2)1 9

where the lower case letters are discrete rates of growth as before.
Using equation (9) instead of (3), and combining with (1), (5), and (7),

1 A one-period lag in two of the equations, giving a second order system, yields two real
roots £4/(—yn)). The stability conditions are therefore the same as in the first-order system.
This is true however many equations are lagged. This fact considerably enhances the
generality of our result.
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and assuming the rate of growth of the exogenous variables to be constant,
gives the first order difference equation:

9 = YW1 —74+70) F3(Dp)i—1F+€(@)i1]— YA (g1-1) (10)

the general solution to which is

— A(_ YWy —7 4 7y_1) - €(2); 1 +0(D ) 1]
o= A=y R R ay

where A4 is the initial condition.

The behaviour of g depends on the value of yyA. Since » < 0, (—ynA)
will be > 0. The condition for cumulative divergence from equilibrium is
that (—ynA) > 1.1 In our view this is unlikely because: y = 1 if exports
are a constant proportion of output; the price elasticity of demand for
exports () rarely exceeds 2, and the Verdoorn coefficient rarely exceeds
0-5.2 Taking realistic values for the parameters of the model, therefore,
the most likely prediction must be one of constant differences in regional
growth rates determined by differences in the equilibrium rates; not
divergence. Admittedly, our disequilibrium specification is arbitrary but
the fact that a one-period lag in any one of the equations gives the same
stability conditions, and likewise when more than one equation is lagged,
considerably enhances the generality of the result. It also serves some
purpose to give a (not unrealistic) specification which suggests on empirical
grounds that divergence is not very likely, if only to induce those who
adhere to the cumulative causation school to specify more precisely the
model they have in mind and to show the conditions under which regional
growth rates would diverge through time. In our specification we suggest
that diverging regional growth rates would seem to be possible only if the
equilibrium rates themselves diverged through time because the deter-
minants of the equilibrium rates were themselves time dependent. For
example, the price and income elasticities of demand could change in the
course of time as the structure of production changed. This possibility is
not pursued further here because of the obvious difficulties it would present
for the solution to equation (10).

Regional structure as a determinant of growth

The second term on the right-hand side of equation (11) (i.e. the par-
ticular solution to the first-order difference equation) shows that the

1 Since the equations that constitute the model have omitted higher order terms con-
taining g¢;, the stability conditions of the model are necessarily an approximation.

2 Kaldor has agreed in correspondence that implicit in his argument that regional growth
rates may diverge is the assumption that |gA| > 1 for one region, and argues that he does
not regard |n| > 2 as an unrealistic assumption.
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equilibrium growth rate depends on seven main economic parameters and
variables that may vary from region to region: 5, w, r,, 7, €, 8, and A

If it is assumed that the percentage mark-up on unit labour costs is
constant in each region, and that for institutional reasons w is fairly
uniform from region to region,? we are left with differences in », §, r,, €,
and A as explanations of differences in regional growth rates. The price
and income elasticities of demand for regional exports will depend on the
nature of the products produced. The rate of autonomous productivity
growth, r,, and the Verdoorn coefficient, A, will depend on the technical
dynamism of productive agents in the region and the extent to which
capital accumulation is induced by growth and embodies technical pro-
gress. The determinants of r, and A are closely related to the determinants
of the position and shape of Kaldor’s technical progress function [8].
The technical progress function in linear form may be specified as:

1 = d+m(m) (12)

where r is the rate of growth of output per man
m is the rate of growth of capital per man
and d is the rate of disembodied technical progress.

Now let d and m be functions of the rate of growth of output so that:

d = a;+p4(9) (13)
and m = ap+Py(g). (14)
Substituting (13) and (14) into (12) gives:
7 = (o Fmog)+(By+7Be)(9) (15)
hence: r = r,+Ag)
where 7, = (o +mo)
and A= (B, +7By).

The autonomous rate of growth of productivity, 7,, is determined by the
autonomous rate of disembodied progress, the autonomous rate of capital
accumulation per worker, and the extent to which technical progress is
embodied in capital accumulation. The Verdoorn coefficient, A, is deter-
mined by the rate of induced disembodied technical progress, the degree
to which capital accumulation is induced by growth and the extent to
which technical progress is embodied in capital accumulation. To the
extent that the determinants of r, and A vary between industries, 7, and A
may also vary between regions depending on the industrial composition
of the regions.

1 Tgnoring time subsecripts and assuming z and p; do not differ between regions.
2 For evidence see [9].
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From this analysis, it would appear that the message of Kaldor’s model
is that raising a region’s growth rate is fundamentally a question of making
regions more ‘competitive’ and/or altering the industrial structure so that
goods are produced with higher income elasticities of demand and higher
Verdoorn coefficients attached to them. -2

Regional ‘competitiveness’

To make regions more ‘competitive’ a policy of wage subsidies to manu-
facturers in lagging growth regions is sometimes advocated, to achieve the
same effect regionally as a policy of currency devaluation nationally. The
argument needs to be treated with some caution, however. It is easy to
show that a wage subsidy in a regional context is equivalent to a devaluation
of the currency in a national context, but the argument that wage subsidies
can raise a region’s growth rate permanently is less convinecing. To show
the equivalence of wage subsidies and currency devaluation, let the price
of domestic exports in terms of the overseas currency equal F;. Then
Py, = P, x exchange rate, or: Do = 04D (16)

where p,, is the rate of change of home prices expressed in overseas
currency in time ¢

0,is the rate of change in the exchange rate in time ¢
and Pay is the rate of growth of prices in domestic currency in time ¢.
Expressing the domestic price in the same units as the overseas currency,
equation (3) becomes:
&, = (0 +pa)+e(z)+8(Pa) (17)
and the equilibrium growth rate is:
_ V[ﬂ(wt—ra‘l-7’¢+'9z)+€(z¢)+5(10f)c].
1++ynA
Partially differentiating (18) with respect to 6 gives:

9 (18)

99 _ _vm
90 1-fyn\’
and with respect to w gives:
9 _ _vm
ow  l4ynX’
99 _ 99
H A
ence, 6 B

1 And also higher price elasticities of demand if dg/opg > 0.

2 The Verdoorn effect is also an important determinant of the capacity (or natural) rate
of growth, g,,. Let g, = r+n where r is the rate of growth of productivity and » is the rate
of growth of the work-force. But » = r,+Ag. Substituting, we have g, = r,-+Ag+n.
The higher A, the higher g,. If A > 1 there is no constraint on the growth rate. This is the
situation of ‘increasing returns for ever’.
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But neither devaluation, nor wage subsidies, can have a permanent effect
on the rate of change of the exchange rate or money wages, only on the level
of the exchange rate or money wages. The effect of devaluation and wage
subsidies on the rate of change of the exchange rate and the rate of change
of money wages is once-for-all. Unless the export pricing function, or the
export demand function, is additive the effect of devaluation, or the
introduction of flat-rate wage subsidies, on the growth rate cannot there-
fore be permanent.! 6 and w become zero in the periods after wage subsidies
have been introduced and devaluation has taken place.? As far as an
additive export demand function is concerned, it is not at all clear what
demand function would generate the argument that the rate of growth of
exports is related to the absolute difference between domestic and foreign
prices.3 It seems unfortunate that the success or otherwise of government
policies with respect to regional wage subsidies will depend on the (un-
known) form of the pricing and export demand functions. The relation
between export prices and the growth of output is a subject which seems
to be treated far too casually in the theory of trade and growth. We believe
that it is much more satisfactory to regard the level of exports as deter-
mined by relative prices in a multiplicative demand function than by the
absolute difference between domestic and foreign prices in an additive
demand function. If this argument is accepted wage subsidies at the
regional level are equivalent at the most to an autonomous shock which,
as we argued earlier, could only affect the growth rate permanently if the
structural parameters of the growth model were thereby affected favour-
ably. If anything, however, policies of ‘devaluation’ tend to ossify a
region’s or country’s industrial structure, impeding structural change.
Export promotion and import substitution properly directed offer a much
more hopeful solution to lagging growth caused by unfavourable price and
income elasticities of demand for exports and slow autonomous produc-
tivity growth. At the regional level, this policy conclusion points to the
need to relate regional taxes and subsidies to activities with particular
structural characteristics rather than to particular factors of production,

1 However, regional devaluation could have a permanent effect on the percentage level
of unemployment (9%, U). The initial effect of devaluation will be to lower % U. Since % U
is the outcome of the difference between the growth of labour demand and supply, and the
growth of demand is unaffected by devaluation, the lower level of %U can persist. More-
over, the cheapening of labour relative to capital could induce the use of more labour-
intensive techniques. Interpreted as a weapon to combat unemployment, therefore,
regional devaluation may have merit. As a means of stimulating regional growth, how-
ever, its value is doubtful.

2 In fact, if money wages are rising through time, a flat-rate wage subsidy per man will
actually raise the rate of increase in money wage costs after the initial introduction of the
subsidy since the percentage effect of the subsidy is smaller in the next period.

3 Beckerman [5], who has used an additive function in a national context, is not clear
on this point.
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either capital or labour. We believe the income elasticity of demand for
exports to be a particularly important parameter at both the national and
regional level. Regional policy for stimulating regional growth could
usefully direct its attention to identifying activities with a high income
elasticity of demand and encouraging these to locate in depressed regions
by policies of capital incentives and labour subsidies.

Application of the model

It is hard to apply Kaldor’s model at the regional level without being
able to identify regional exports and to estimate such crucial parameters
as the price and income elasticities of demand for exports, let alone the
other parameters of the model. The model is general enough, however, to
be applicable to a nation as well as to a region within a nation. Indeed, a
similar model to Kaldor’s has been developed by Beckerman to account
for differences in rates of growth of European countries over the post-war
years [5]. It is interesting to see what equilibrium growth rate for the
British economy is predicted over the post-war period when equation (11)
is applied to the data. We restrict the period of analysis to 1951 to 1966
to avoid the more recent years of high inflation following devaluation of
the pound in 1967, and to achieve consistency with the study of Houthakker
and Magee [7] which estimates the price and income elasticities of demand
for British exports over the period 1951 to 1966. Their estimate of the
export demand function, X = A(P,/P)"Z¢, is X = A(F,;/P,)-1%Z10.
Since y and & are not estimated separately, as specified in our model, we
shall apply the coefficient on relative prices to the difference between the
rate of increase in domestic and foreign prices, implicitly assuming that
n = 8.1 Our feeling is, however, that their estimate of the price elasticity
is on the low side. Junz and Rhomberg [11] have estimated it at between
—1-86 and —2-29, and most forecasting of the British economy takes a
somewhat higher figure. As a compromise estimate we take n = —1-5.
The best estimate of the rate of increase in prices of major competitor
countries is 2:0 per cent per annum.? From the United Nations National
Accounts Statistics, G.D.P. growth of Britain’s major export customers
averaged approximately 4-0 per cent per annum over the period. Domestic
wage inflation averaged 6-0 per cent per annum so that, assuming the
percentage mark-up on labour costs remained unchanged, w-+ = 0-06.
Estimates of the Verdoorn relation for Britain from regional cross-section
data gave r, = 0-02 and A = 0-5 [12]. Lastly, assuming exports to be a

1 The parameter estimates are those obtained after adjustment of the equation for the
presence of serial correlation in the residuals. Before adjustment, y = —0-44 and ¢ = 0-86.

2 See index of export prices of manufactured goods for major industrial countries in
National Institute of Economic and Social Research, Hconomic Review, Quarterly.
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constant proportion of output, y = 1. The full list of parameter values
used in equation (11)is: 9 (= 8) = —1-5; w7 = 0:06; r, = 0-02; ¢ = 1-0;
z=0:04; A =0-5; y =1, and p; = 0-02. Solving for the equilibrium
growth rate gives ¢ = 4-0 per cent per annum. This is above the actual
and natural (capacity) rates of growth experienced over the period 1951
to 1966 of 2-8 and 2-9 per cent per annum, respectively [10]. One reason
for the over-prediction of g could be that the estimate of r, is too high,
based as it is on the use of data for manufacturing industry only. Auto-
nomous productivity growth of 1-8 per cent per annum (r, = 0-018) would
be consistent with the actual growth rate experienced of 2-8 per cent. This
would also be closer to the autonomous rate of productivity growth actually
experienced in the economy as a whole if the Verdoorn coefficient for all
industry is also 0-5. We conclude that the application of Kaldor’s model
to the British economy is not inconsistent with the evidence; on the other
hand, it should be stressed that the calculation of g is very sensitive to
small changes in the parameter values of the model.

Conclusion

Our attempt to formalize Kaldor’s model has the pedagogic virtue of
bringing into the open the structure of the model and the main determin-
ants of regional growth-rate differences. Whether or not we have done
justice to Kaldor and represented his views faithfully, we believe that the
model presented captures the main elements of an open economy growth
model which hasrelevance toregions within countries and to open developed
and developing countries alike. At the national level, a built-in balance of
payments constraint would make the model more realistic.! No attention
is paid in the present model to the fact that the rate of growth of output
may generate a level of imports in excess of exports, necessitating demand
contraction. At the regional level, it is difficult to conceive of a balance of
payments constraint on growth, except to the extent that there may be a
constraint on the regional money supply. There is certainly no requirement
that exports and imports must balance to preserve the value of a currency
in the foreign exchange market, which may be required at the national
level. We have neglected here the consideration of balance of payments
constrained growth in order to concentrate on the basic model. To in-
corporate such a constraint, however, may be a useful addition to the
model, especially for application at the national level.

University of Papua, New Guinea
University of Kent at Canterbury

1 The absence of a balance of payments constraint may be another reason why the model
is tending to over-predict the actual U.K. growth experience.
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