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of change of wage nflation 1s proportional to the gap between actual unemployment and the
NAWRU, thus:

D% logW =—a(U - NAWRUY), a0

where D is the first-difference operator and W and U are the real wage and unemployment rates,

respectively. Assuming the NAWRU to be constant between any two consecutive time periods,
an estimate of & can be calculated as:

a=—(DlogW)/ DU

which, in turn, is used to give the estimated NAWRU as:

NAWRU =U —(DU | D* logW)D? logW

The resulting NAWRU series 1s then smoothed, again using a Hodrick-Prescott filter to eliminate
erratic movements.'> The information utilised in the above expression for the NAWRU is
endogenised. Both the unemployment and the real wage rates result from a consistent

neoclassical labour model, which in turn forms part of a supply-side model for South Africa
where prices are also endogenously determined by the system as a whole. This measure for the
NAWRU can therefore be classified as a wage-price model approach {Appendix 13).

5.4.3

(i)

The estimation results
Estimation of the South African NAWRU

The estimate for the NAWRU of the South African economy is given by figure 31, It is
increasing at a steady rate, suggesting severe structural problems in the economy as a
whole and the labour market n particular.

Surveys of the empirical literature on the NAWRU by Rose (1988) and Setterficld ef a/. (1992) suggest that
robust structural estimates of the NAWRU have proven clusive. Both studies find that estimates vary
considerably depending on the methodology used, the variables in the estimation, and the sample period.
Two fundamental types of uncerainty exist which 1nay coniribute fo the imprecise measurement of the
equilibrium unemployinent rate. The first source of uncertainty arises fromn the fact that the NAWRU is an
unobserved vaniable, which leaves room for a number of plausible empirical models for measurement,
Different specifications lead i general to different point-estimates of the level of the NAWRU. The second
source of uncertainty stems from the fact that it 1s impossible to determine the exact values of the parameters
using statistical methods. According to all empirical specifications the NAWRU represents a combination of
stochastic variables and parameters, leading to imprecision i measurement. Computing confidence intervals
for the point estimates of the equilibrium unemployment rates gives an idea of the magnitude of imprecision
of conventional methods for the calculation of the NAWRU. Since the NAWRU is an important input into
the measurement of potential output, this fragility of structural estimates poses a problem — uncertainty about
the NAWRU translates into uncertauny about potential output (Butler 1996 35).

In principle a wide range of evidence could be included. The NAWRU can be estimated by drawing on a
structural estimate of the trend unemployiment rate that is based on the work of Coté and Hostland (1996, a
price-unemployment rate Phillips curve based on the work of Laxton, Rose and Tetlow (1993), the previous
guarter’s esturnate of the NAWRU. a growth-rate restriction that is applied in the final quarters of the sample,
and a smoothness constraint.
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by doing and on-the-job training. The loss of skills during unemployment may also lead
to duration dependence in the probability of leaving unemployment, 1.e. the likelithood
that unemployed workers move to employment s likely to fall as the duration of
unemployment increases. Furthermore, discouragement effects may over time loosen the
attachment to the work force resulting in reduced job search intensities.

Even when the quantitative importance of human capital depreciation is considered to be
fairly small, the mere fact of being out of work for a long time may convey a negative
signal about workers” productivity to potential employers. Consequently, the long-term
unemployed may over time receive fewer and fewer job offers and may, finally, even be
regarded as “unemployable”. The resulting detachment from the labour market implies
that the long-term unemployed may cxert little or no downward pressure on wage
increases. Moreover, a growing number of unsuccessful job seckers in the pool of the
unemployed may reduce the speed by which vacant jobs can be filled by suitable
candidates.

When specific skills are an important aspect of the employment relation, involuntary
separation from a job may imply long waiting periods for re-employment; and when the
loss of specific skills and the associated wage premium eventually has to be accepted,
specific capital no longer provides a buffer between productivity and the value of
employment elsewhere or non-employment. so turnover from new jobs, probably
associated with recurrent unemployment, may be rapid.

Another strand of reasoning emphasises the wage-bargaining behaviour of the employed
insiders and the role of adjustment costs. For example, when unions bargain mainly on
behalf of the incumbent workforee, a temporary adverse shock to employment will tend
to perpetuate itself, because real wage demand is adapted to the now smaller number of
employed insiders. Generally speaking, shifts in the employment composition in favour
of groups facing little risk of unemployment may affect the overall bargaining stance of
unions and thus reduce the wage-moderating impact of a given rate of unemployment.

For insider effects to persist, the employed insiders must command some degree of
market power. This could stem from several sources such as training costs or statutory
seniority systems, but also from various forms of job security legislation. While the
resulting reduction in turnover may well be in the interest of both the firm and the
workers, the crucial point with regard to the persistence issue is that turnover costs render
it difficult for outsiders to effectively compete for jobs.

In addition to the supply-side mechanisms described above there may also be a number of
important demand-side effects which could lead to an adjustment in equilibrium
unemployment. In addition, a number of possible “price push” factors may cause product
demand changes to impact on equilibrium unemployment. Some of these are wage-price
stickiness (the traditional Keynesian argument), changes in the marginal product of
inputs, competitive interaction between firms, changes in the real user-cost-of-capital and
changes in the composition of demand (Picheclmann and Schuh 1997},
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economy. Potential output 1s estimated by substituting trend technology, actual capital stock and
potential employment into the Cobb-Douglas estimated production function (Chapter 4).

Trend technology is obtained by smoothing the endogenously determined technical progress
variable (technology index) by applying the Hodrick-Prescott filter. Potential employment is
estimated by adjusting the actual labour input in the estimated production function for the gap
between actual unemployment and the estimated non-accelerating wage rate of unemployment
(NAWRU). The method adopted to measure the NAWRU s based on the assumption that the
change in wage inflation 1s proportional to the gap between actual unemployment and the
NAWRU.

The estimation results obtained for the potential output and associated output gap seem plausible
given the structural properties and history of the South African economy. The Hodrick-Prescott
filter smoothed GDP serves as a check for the level and trend in the potential output, but cannot
be used in the structural supply-side model due to its mechanic nature. Therefore, based on the
structural nature of the analysis, the preferred measure identified is one based on a production
function approach which takes explicit account of structural information, in particular with
respect to the NAWRLUL

The obtained results for potential output revealed the essence of the impediments on the South
African economy - the South African potential to grow 1s deteriorating, This is due to the sizeable
constraint posed by rising labour cost and the resulting continuous increase in unemployment.
This declining rate of employment is of a both structural and cyclical nature. A significant part of
the South African labour force is unskilled and relatively expensive, while the international
tendency fowards capital-intensive production acquiring more capital, skilled labour and less
unskilled workers, has further contributed to the greater degree of capital-intensive production
observed in South Africa. Apart from the structural component of unemployment, the growth in
GDP has been inadequate to create sufficient job Opportunitics to cure the unemployment
problem. The period of economic sanctions and disinvestment, resulting in the outflow of skilled
labour and other consequences, has aggravated the problem.






81

From equation (6.1) follows that replacement investment equals JK,, and net investment,
defined as the net increment to the capital stock since the previous time period, K, — K,_, , equals
total investment minus replacement investment, r.e. [/, —oK, . Finally, gross investment,

replacement investment and net investment are related by the identity:

gross investment = replacement investment + net invesiment .

Most theories of investment behaviour relate the demand for new plant and equipment to the gap
between the desired or optimal amount of capital stock, denoted as £ *, and the actual amount of
capital, K. Two aspects of K and K" are of concern: (1) What are the factors affecting & ", and
how can such factors be modelled and measured? (2) Why is K #& ", how does K adjust
towards K * and which factors affect the speed of adjustment?

These two aspects of investment behaviour can be combined as follows. Let the net capital stock
at the end of period £ — / be K, let K, be the desired capital stock at the end of the current
time period, and let the speed of adjustment between K? and K, be 4. If 4, was zero, K would
be fixed and there would be no net investment reducing the gap between K™ and K, while if J,
was 1, this gap would be closed within one time period, that is, adjustment would be
instantaneous. By definition, net investment during time period / equals A, (K, -~ K, ). and
replacement investment equals J&K,_,. Since gross investment 7, is the sum of net and
replacement investment, gross investment can be written as:

I, =K ~K,_)+K_, =1K +(5-1)K,,

(6.2)

6.2.2  Modelling investment: a survey
6.2.2.1. Accelerator model (Keynesian approach)

One of the early empirical models of aggregate investment behaviour is the accelerator
model, which was put forward by J M. Clark in 1917 as an explanation of the volatility of
investment expenditures. The distinguishing feature of the accelerator model is that it is
based on the assumption of a fixed capital/output ratio. This implies that prices, wages,
taxes and interest rates have no direct impact on capital spending but may have indirect
impacts.

The naive accelerator model defines optimal capital stock X, as a fixed proportion to
output (¥}):

K =uY, (6.3)

with 1 denoting the fixed capital/output ratio. Furthermore, since the capital stock is
always optimally adjusted in each time period, implying K, =K,, net investment
1, equals:
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I, =K, -K_ =uY,-Y_). (6.4)

A generalised version of the naive accelerator model is called the flexible accelerator and
was introduced by Leendert M. Koyck (1934). In this specification, the adjustment of
capital stock to its optimal level is no longer instantaneous, but nstead is assumed to be a
constant proportion A of the gap between K* and K. Let the partial adjustment

coefficient be A, set A, = A for all ¢ and specify net investment as:
1, =AMK ~K,_). (6.5)

Substitution of equation (6.3) into equation (6.5) vields:

]n{ :K.'_'Kr—-l :’:{#(YIMYf—[) (66)
or
K. =l +(1- DK, 6.7)

Assuming a constant rate of depreciation (9), gross investment is defined by:
I=K,-(1-8)K,_, =AY, +(5 - K _,. (6.8)

Equation (6.8) does not have an intercept term (although in practice this equation 1s
typically estimated with a constant term included) and, provided the value of & is known
(needed to construct the K, series), estimation by least squares would then yield implicit
estimates of x and A.

Cash-flow model

The emphasis on capital market imperfections and the significance of financial
constraints on investment behaviour are not novel in empirical studies of investment
decisions. Three main sources of funds have been identified in various applied research

Equation (6.7) can be extended to yield a distributed lag formulation with geometrically declining weights:
K, = Al + AQ =AY, + A0 =AY F_y+ -]

or

K, =K =uMY, -V ) +A0=2)F ., =Y )+ A —2&,}2(}“,_3 ~Y3y+ ]

(Bemdt 1991 234-235).

Because of the difficulties in obtaining reliable capital stock measures, this equation is frequently estimated
in an alternative form: the Koyek transforination, where equation {6.8) is lagged one period, multiplied on
both sides by (1 - 8) and the product theu subtracted from (6.8), yielding:

[, = =8M = AuY, ~(1-63dY, ) +(6 -A)K,; —(1-8Y8-)K,., which can be rewriften as

I, = (=8 = Aul, ~(0-dl,_y +(6 -,y sinee I, =K, | —(1-&K,_,. Collecting terms,
gross investment can {inally be written as: 7, =Aul, —(1-&pdY, |, +(5 -, +(1-&),_, (Bemdt
1991).
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studies of investment: internal cash flow, availability of external debt and equity
financing (sales). It has however, been argued that internal cash flow is the pre-eminent
source of funds.

The cash-flow mode!l posits investment spending as a variable proportion of internal cash
flow. Since the supply of internal funds is obviously affected by the current level of
profits, it has been suggested that the optimal capital stock X~ should be made dependent
not on the fevel of output, as in the accelerator framework, but instead on variables
capturing the level of profits or expected profits.

Consider the specification by Grunfeld (1960), who assumed that the optimal capital
stock 1s a linear function of expected profits, as proxied by the market value of the firm,
Vi

K =a+pV. (6.9)

With equation (6.9) substituted into equation (6.2), Grunfeld obtained an investment

equation with an intercept term. The intercept and V; may then be used to replace T, in the
accelerator model (6.8):

I, = Ao+ APV, +(8 =K ., | (6.10)

Equation (6.10) suggests that investment 1s severely affected by the external market value
(net worth) of the firm.’

Among others, Meyer and Kuh (1957) and Duesenberry (1958) have argued that there are
imperfections in capital markets. There are basically two main concerns (one on a macro
and one on a micro-level), based on the links between internal funds and investment
decisions.

First, from a macroeconomic perspective, the concemn is that cyclical movements in
investment appear too large to be explained by market indicators of expected future
profitability of the user-cost-of-capital. This has led some macroeconomists o identify
financial factors in propagating relatively small shocks, which factors correspond with
accelerator models.  The term financial accelerator has been used to refer to the
magnification of nitial shocks by financial market imperfections (see, e.g.. Bernanke.
Gertler and Gilchrist 1996). This fashion actually has a long history among
macroeconomists, with contributions by Irving Fisher (1933), John Gurley and Edward
Shaw (1955, 1960) and Albert Wojnilower (1980). Some econometric forecasting models
have also focused on financial factors {sce, e.g., the description for the DRI model in Otto
Eckstein and Allen Sinai, 1986).

Hubbard (1998 presents a graphical analysis to illustrate the link between net worth (internal funds) of a firm
and capital investment in models of informational imperfections.
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Second, the microeconomic concern relates to consequences of informational
imperfections in insurance and credit markets. In this line of inquiry, problems of
asymmetric information between borrowers and lenders lead to a gap between the cost of
external financing and internal financing. This notion of costly external financing stands
in contrast to the more complete markets approach underlying conventional models of
investment emphasising expected future profitability and the user-cost-of-capital as key
determinants of investment,

If the risks associated with firms’ increasing the ratio of their debt to their earnings
should lead them to have strong preferences for the internal cash flow financing of
investment, then ¥, in equation (6.9) needs to be replaced with a liquidity-type variable
such as profits or retained earnings after taxes.

A common variable used to measure available funds is cash flow, defined as profits after
taxes plus depreciation allowances less dividend payments to shareholders. Cash flow
has historically accounted for a substantial portion of firms’ sources of funding for fixed
mnvestment.

Cash flow is not, however, the sole source of available funds. The second principal
source of funds for investors, is debt financing. Although debt financing may allow a
firm to expand its capital budget. such financing becomes considerably more expensive
than its vield would suggest. For example, debt obligations may place constraints on
capital budgeting options, they may increase the risk that is inherent in owning shares of
the firm and they may even eventually increase the risk that managers and shareholders
forfeit control of their investments. Most empirical analysts also believe that the cost of
debt financing exceeds its yield by an increasing margin as the firm’s rehance on
borrowed funds increases.*

A third source of funds for firms, is the issuing of shares. This type of financing is
particularly important for firms whose current or prospective investment opportunities far
exceed their cash flow. New equity financing can be expensive for firms, however, since
new equity-holders are entitled to their share of any dividends paid by the firm and also
because, tax laws frequently disallows tax-deductions of dividend payments for firms,
This cost premium can be substantial.

Therefore, according to the cash-flow model, firms tend to commit their retained eamnings
firstly to finance their capital budgets. Only after internal cash flow is exhausted does the
firm seek external debt or equity financing. Since internal cash flow serves as a measure
of profitability and as an index of the firm’s capacity to aftract external financing, the
magnitude of the firm’s investment is postulated to depend on its available cash flow.

Since the mid-1960s, however, most applied work isolated real firm decisions from purely financial factors,
The intellectual justification for this shift in approach drew on the sermnal work by Franco Modighaui and
Merton Miller (1958), who demonstrated the urelevance of financial structure and financial policy for real
fixed investment decisions. As a result, investment decisions by firms, motivated by the maximisation of
shareholders’ claims, are independent of financial factors such as liquidity, leverage, or dividend payments.
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In summary: a common theme amongst existing theoretical models of market
imperfections 1s that imperfect information about the gquality or risky nature of the
borrowers™ imnvestment projects, leads to a gap between the cost of external financing and
internally generated funds. Second, in the presence of incentive problems and costly
monitoring of managenal actions, external suppliers of funds to firms require a higher
return to compensate them for these monitoring costs and the potential moral hazard
associated with managers” control over the allocation of investment funds. Theoretical
models of imperfections in capital markets therefore imply that external financing 1s more
costly than internal financing for many firms.

Recently, Hubbard (1998) conducted empirical tests and found that (1) all else being
equal, investment correlates significantly with proxies for change in net worth or internal
funds; and (2) that correlation is most important for firms likely to face information
related capital-market imperfections.

One ambiguity that emerges from the above interpretation of the importance of cash flow,
is whether cash flow affects the desired capital stock X ”, or whether it instead operates
by affecting the speed of adjustment A from £ to K. The literature is not clear on the
matter, but it is plausible to argue that both channels are potentially significant. Note,
however, that if cash flow affects the speed of adjustment, then A4 is time-varying and
endogenous, rather than fixed and exogenous as in equations (6.8) and (6.10).

The cash-flow model has been implemented in a variety of ways by a large number of
researchers. Two examples, both based on the Tobin's cg-models, are empirical studies
done by Kopcke (1977, 1982, 1985) and Fazzari, Hubbard and Petersen (1988},

Kopcke estimated a cash-flow model of the general form:

m—1
Ii=a+) b(FIJ)_ +cK_, +u, (6.11)

i=0

where the 6,, a and care unknown parameters to be estimated, /15 internal cash flow

current prices and J is a price index for new capital. In his 1982 study, however, Kopcke
estimated a somewhat different equation in which 7, /K, | was the dependent variable

and a market value variable was added as a regressor.

Kopcke’s later approach is similar to the Fabazzi, Hubbard and Peterson framework
where cash flow is used to measure the change in net worth of the firm:

{%j, =a+b(, +c[%1 +u, (6.12)

with Q the tax-adjusted value of Tobin’s ¢.°

See discussion on Tobin's g-models.
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6.2.2.3 The neoclassical model: Jorgenson's approach

The accelerator model, assuming the capital/labour ratio to be fixed, is highly restrictive
in implying that substitution possibilities among capital, labour and other inputs are
constrained to zero. Similarly, in the cash-flow model, only internal cash flow affects the
optimal capital stock, and again no role for substitution is allowed. By contrast,
neoclassical theory emphasised the role of input substitution as a critical element in the
economic theory of cost and production.  While it has undergone some cosmetic
refinements and generalisations,” Jorgenson’s model still remains the standard reference
in the field of neoclassical theory of domestic investment

The distinguishing feature of the neoclassical model is that it is based on an explicit
model of optimisation behaviour, which relates the desired capital stock to interest rates.
output, capital prices and tax policies.

To illustrate Jorgenson’s model, consider a firm that produces one output, (J, by using
two inputs, K and L. Unlike the Keynesian (accelerator) model, which only considers
one input in which the capital/labour ratio is assumed to be fixed, the neoclassical model
presupposes substitution between its multiple inputs.

In his seminal work on domestic investment behaviour, Jorgenson (1963) postulated the
maximisation of the net worth of the firm as its ulumate objective. The net worth (often
labelled cash flow} is the amount that a purchaser would be willing to pay for the firm,

which again equals the sum of the net present value of the future stream of profits from
time zero, subject to a neoclassical production function constraint: ¥, = f(K,,L,).

The optimisation problem s therefore defined as:
max,, , V= Lexp(-—& Wp, - FK,LY-wL, —ql,)di (with R, = Lz‘sa‘s ) (6.13)

where 7; is the rate of interest at time s, /; is gross investment or net purchase of capital
stock at time /. The output 1s sold at p, and the inputs for period 7 is bought at w, and g,
respectively. Since Jorgenson assumes a perfectly competitive market, it implies that the
firm is a price-taker,

In this particular specification, the firm must choose L,, K, and /; at each point in time to
maximise the net present value of the firm.* The linkage between /, and K| is captured by
the perpetual inventory relation:

o See Hubbard (1998).
See Berndt (1991; 250-256)
The net present value (net worth) of a firm is often depicted by its cash flow. However, cash is, strictly

speaking, profits after taxes and depreciation allowances less dividends to shareholders (Bemndt 1991). This
concept is therefore more limited than profit, and should be used with care.
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K =(1-8K, +1, o I =K +3K, (6.14)

where K| is the change in the level of capital stock at time ¢ and & is the rate of
depreciation in the capital stock. A is positive if new capital 1s purchased, negative 1f 1t

is sold and zero if there are no purchases or sales of capital stock.

Under the assumption of certainty with regard to all the exogenous variables {output and
input prices), it can be shown that this model reduces to its static equivalent and thus
encounters the one-period-optimisation problem (Nickell 1978). The static approach
considers each period in isolation and postulates that the firm aims to maximise its
instantaneous profit at each point in time. The optimisation problem can then be defined
as:

max, , 7, =72 Y, K, L.p, r,w)=p Y, ~|wl, +rK] (6.15)

where {¥, K, L p,r,w i} eR,, meR, 7()is at least twice differentiable and 7, is the

user-cost-of-capital in period ¢. Therefore, by postulating that the firm chooses optimal

values for K. L, and Y, so as to maximise one-period profits subject to the production
function constraint defined as Y, = f(&,.1,), the optimisation problem (objective

function) becomes:

max, , 7, =p, - K, L)-[wL +rK,]. (6.16)

Under the above profit-maximisation conditions, use of the traditional Lagrangian
multiplier procedure yields the necessary conditions for optimality, namely, for capital:

ay, oy
po = s = MPP = (6.17)
: , 2

A :
Cey e ppp M (6.18)
oL, Py

where MPP,, and MPP,, denote the marginal physical products of K and L,

respectively. These equations confirm the theoretical conditions for profit maximisation,
namely, that firms will choose a set of inputs such that for each input, the marginal
benefit of employing another unit of the input (additional real output) equals the marginal
cost of employing another unit of the input (the additional real wage or real user-cost-of-
capital).

In order to estimate equation (6.17), which forms the basis of the neoclassical investment
model, it is necessary to assume an explicit form of the production function. The
marginal physical product is then obtained by taking the partial derivative with respect to
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capital and solve the expression for the level of K~ such that the marginal physical
product of capital equals the real user-cost-of-capital (Appendix 14)}.

Hall and Jorgenson originally assumed a Cobb-Douglas technology in their investment
studies, 1.e. a production structure exhibiting unitary elasticity of substitution:

Y, =4-K*-17 (6.19)

with & + £ =l under the assumption of constant returns to scale. Solving equation (6.19)

with respect to K,and its marginal physical product (6.17), yields:

all, IK,)y=r1p,. (6.20)
Optimal capital stock K" is then defined as:

K ' =a-(p, /r)7Y,. (6.21)

Jorgenson expanded on this original version of his model by specifying partial adjustment
i the form of a distributed lag specification (assuming orders for new net investment)
and incorporating replacement investment as proportional to the capital stock (Berndt
1991: 249). The estimation equation for gross fixed investment can therefore be specified
as:

1,=Za¢,(p'}’/r),_,+§~1<l_] (6'22)
=y

with ¢, representing the proportion of all orders that take i periods to be delivered.
Tobin's g-model

In the cash-flow model framework, optimal capital stock was postulated to be a function
of expected profits, which in turn may be measured by the market value (net worth) of
the firm. James Tobin (1969) has generalised the cash-flow model and has provided a
rigorous framework for an investment model in which net investment depends on the
ratic of the market value of business capital assets to their replacement value, a ratio
known as g. The theory underlying Tobin’s g is closely related to the neoclassical
investment model considered in the previous section.

Managers determine the price they are willing to pay for an investment project (the
demand price for an asset) on the basis of the expected profitability. The demand price
for an entire firm is the market value of all its securities, that is, the market value of all its
debt and equity in securities markets. The cost of producing all new capital goods is the
supply price and is typically measured by assessing the replacement cost of a firm’s
assets. In equilibrium, the demand and supply prices for fixed investment must be equal.



If the ratio of the market value of the finm to the replacement value of its assets were
unity, then there would be no incentive for the firm to invest.

The naive form of the Tobin’s g-mode! of investment, implying that whenever marginal ¢
is greater (less) than unity, there are incentives for net investment (disinvestment) in
capital goods, is specified by:

-1

[i=a+> b, (g=1)_ K __ +b, K _ +u, (6.23)

i=0
with b, expected to be positive,

Note that in equation (6.23), g, -K, represents the market value of the firm. In this sense,

equation (6.23) is similar to Grunfeld’s cash-flow model {6.10).

In practice, there are serious problems in empirically implementing the g-model.
Measurement problems, such as measuring the replacement value of the firm’s assets (the
denominator of g), valuation of the outstanding debt obligations (the nominator of ¢) and
determining a marginal rather than an average value for g, have contributed to the poor
performance of g-models (Berndt 1991). Further, since the underlying theory 1s vague on
the functional form, the ¢ investment equation is often estimated in variants of equation
(6.23), mcluding, for example, regressing /, / K,_, rather than 7, on the left-hand side of

the equation.

Abel (1979, 1980), Yoshikawa (1980) and Hayashi (1982) have indicated that Tobin’s g-
model of investment can be related to the neoclassical framework in defining an amended
g as:

g, =711, (6.24)

with 7, the additional profits expected in time period ¢ (representing the one-period
shadow price of capital) and », the user-cost-of-capital (representing the one-period tax-
adjusted price of uninstalled capital goods). The definition of ¢ in terms of one-period
prices {flow prices) rather than the previous version where g was defined in asset prices,
has the advantage of highlighting the expectational and marginal (not average) nature of
q.

Although the g-model is relatively attractive because of its theoretical foundations and its
ability to distinguish order, delivery, and gestation from expectational lags, its empirical
performance has been less than impressive to date.” A number of studies have regressed
investment on ¢ and a common finding is that the vanations in ¢ fail to explamn a large
part of the variation in investment, further, as with other empirical investment models,

Only recently has Allen (1997) successfully modelled forward-looking investment by linking it to Tobin’s ¢-
model and applying a flexible functional form.
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the residuals or unexplained movements in investment tend to be highly correlated,
suggesting that important explanatory variables are omitted (Berndt 1991).

6.2.2.5 Time-series (Autoregressive) models

In contrast to the theories of investment discussed in the previous sections, the time-
series/autoregressive approach does not directly use output, cash flow, market value,
prices, or taxes as determinants of investment expenditure. Rather, in its simplest form,
investment is merely regressed on a series of previous investment expenditures:

L=a+> bl +u, (6.25)

1=}

with 77 lagged investment terms. This is therefore following an autoregressive process of
degree m.

Due to the lack of explaining the structural properties of investment, this approach is
unsuitable for estimating investment consistent with a supply-side model and is not
explored any further.

6.3 AN EMPIRICAL INVESTMENT FUNCTION FOR THE SOUTH AFRICAN
ECONOMY: A NEOCLASSICAL APPROACH

In this section an aggregate gross domestic fixed investment function, based on Jorgenson’s
neoclassical model is estimated. The Engle-Yoo (1991) three-step cointegration estimation
procedure is emploved. The resulting investment function i3 subjected to comprehensive
evaluation and testing to ensure that the function complies with the “full ideal principles” of
model selection.

6.3.2 The theoretical model

The neoclassical (Jorgenson) approach is the most suitable in estimating a domestic fixed
investment function as it has to be consistent with a supply-side model for the South African
economy, incorporating all cost-minimising and profit-maximising decision-making processes by
firms.

Based on carlier reasoning, it is necessary to model the significant role of financial constraints
(internal and external) on investment in South Africa. An attempt is therefore made to extend the
neoclassical specification by incorporating the financial constraints as specified by cash-flow
models'’ - only on an aggregate level.

The neoclassical theory of investment states that firms will maximise their profits by finding the
optimal level of capital stock associated with the levels of interest rates, output, capital prices and
tax policies. Taking into account a constant depreciation in capital stock, the linkage between /,

0 See Hubbard (1998).
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and K, is captured by: K, =(I1-&K,+1, or I, =K, +6K, Empirical estimation therefore
allows for two parallel approaches: (i) the estimation of K, and subsequent derivation of /,; or (11)
the empirical determination of J, followed by the derivation of K, applying the perpetual inventory
relation.

In applying the Jorgenson neoclassical model for the South African case it is possible to specify
the underlying technology to be of Cobb-Douglas nature. This ensures consistency in the supply
system as it was proven in chapter 4 that a Cobb-Douglas production specification, taking
endogenous technical progress into account, is valid and representative of the South African

economy.

For the purpose of accommodating the principles of the cash-flow model, an aggregate financial
constraint variable is constructed, incorporating both internal (domestic) and external (foreign)
sources of funding. In accordance with the exposition of the national accounts, domestic financial
constraints consist of savings by households (sp), corporate enterprises (sc), the government (sg),
as well as replacement investment or depreciation in real capital stock (depr). External financial
constraints consist of net foreign capital flow (capflow) and the value of the change in gold and
other foreign reserves (reserv). Assuming the behaviour of all role-players, except business
corporations (firms) as exogenous, it is necessary to estimate an empirical equation for corporate
savings — an important source of internal funding

The following empirical approaches were explored in order to obtain a cointegration relationship
for investment:

(1) estimating K, and deriving /;

(i1) estimating /; and deriving K, ; and

{ui) estimating /, /K,_, , normalising on either K, or /, and deriving the other.

A direct estimation of /; and subsequent derivation of K, turned out to be an appropriate approach
in obtaining an cquilibrium or cointegration relationship, consistent with a priori information on
the magnitudes and signs of the long-run explanatory variables. This can be portrayed as follows:

Gross domestic investment in South Africa is therefore modelled by a system of equations: a
stochastic function for gross domestic fixed investment (if), identities for the real capital stock (k)
and aggregate financial constraints in nominal terms (f¢), and a stochastic function for nominal
corporate savings (sc).

+ + + -
if = f(real capital stock, financial constraint, gdp (@ factor cost, user-cosi-of -capital)

+

k,=(1-38)e,  +if,

A

o =5p+sg +depr + sc + capflow + reserv

sc= f{profits of companies)
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Table 6.4 Engle-Yoo third-step estimation: Real fixed investment
(In 1)

Dependent Variable: residual_ecm

Method: Least Squares

Sample(adjusted): 1973 1995

Included observations: 23 after adjusting endpoints

Variable Cocfficient  Std. Error  (-Statistic

(0.94125)*In_bbpfact_90p 0.005695  0.024834  0.229322

(0.94125)*In_ucc2 90p 0.012817 0013217  0.969749

(0.94125)*In_fincond_ppi 0.003303 0027384  0.120614

(0.94125)*%kap_r -1.02E-07 [.O9E-07 -0.935943

Table 6.5 Cointegration correction: Real fixed investment (In_if)
Variable Adjusted Coefficient  Adjusted t-Statistic
In_bbpfact_90p 0.335012 13.300000
In_ucc2_90p -0.128864 -9.750000
In_fincond pp 0.555366 20.280000
kap r 6.31E-07 5.790000

Dynamic simulation of the final model vields the overall fit as depicted in figure 6.3

Figure 6.3 Actual and fitted values of In_if

80000

700004

680004

500004

40000

|||||||||||

The fit of the estimated equation is evaluated in an ex post simulation context by means of a
number of quantitative measures. From the simulation error statistics (Appendix 2) reported in
table 6.6 can be concluded that the estimated equation represents a good fit of the actual
corresponding data series.



























utilisation of capacity (activity or production), cost of production in terms of wages and some
specification of the user-cost-of-capital (cost/price factors) and additional factors such as taxes,
subsidies and depreciation rates. These factors constitute the pre-taxed gross operating surplus of
the firm, 1.e. the pre-taxed level of profits.

The dynamic response properties were investigated by applying exogenous shocks to each of the
long-run vanables separately. In each case. the adjustment path after the initial shock was
smooth and the deviation of the new long-run variable from the baseline converged to the
expected value as indicated by the magnitude of the estimated elasticity. The performance of the
estimated model confirms that it is a robust representation of the investment behaviour of South
African firms.
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supply-side system. It was decided to include a preduction rather than a cost function in the
neoclassical supply-side model, as this approach enables the derivation of an estimate for capacity
utilisation — a key component in the price mechanism (structure) of the economy.

Although a production function is included in the model, it was not estimated directly, but
derived from an estimated cost function for the South African economy on the basis of
Shephard’s duality. This approach is only possible for restricted functional forms such as the
Cobb-Douglas and CES production/cost functions. It was proven in chapter 4 that the Cobb-
Douglas technology is a valid and representative estimation of the South African production
structure. The direct estimation of a cost function and subsequent derivation of factor demand
and price functions, ensure consistency with profit-maximising or cost-minimising decision-
making processes of firms.

7.2 THE THEORETICAL FRAMEWORK
7.2.1 The labour market

In modelling the labour market, a labour demand equation, a labour supply equation and a wage
adjustment equation are defined and estimated. The labour market framework utilised in this
study is based on the Layard-Nickell approach and is adopted from Whitley (1994}, A significant
distinction of this labour market framework is the incorporation of market imperfections. ie.
imperfect competition in goods markets and the role of unions in wage setting, thereby relaxing
the issue of whether the market clears or not. The framework acknowledges the existence of an
equilibrium rate of unemployment or the NAIRU, ie. a non-accelerating inflation rate of
unemployment.”

Demand for labour is specified as:
N = fwr,Z) (7.1)

where w?is the real wage rate defined in terms of production prices, and Z7is a set of

exogenous variables affecting the demand for labour. These might include the real prices of other
factors of production, the capital stock and output.

Labour supply is defined as:
NP =fw/,Z}) (7.2)

where wis the real wage rate defined in terms of consumer prices, and Z’is a set of exogenous

determinants of labour supply such as the labour force, unemployment benefits and real interest
rates.

See Whitley (1994: 101-102) for an exposition on the NAIRU concept and how it is related to wage and price
setting 1n an imperfectly competitive enviromnent.
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Under market-clearing, the real wage rate (w") is obtained by solving the demand and supply
equations, by setting demand equal to supply:

w' = f(T,Z°,Z°) (7.3)

where T is a set of tax variables causing a wedge between the real product wage and the real
consumption wage.

Market-clearing employment (N ") is given by:
N = f(r,z9,2%). (7.4)

In a disequilibrium framework, actual employment is typically determined as the minimum of
demand and supply (N, =min( N’ - N/)), and a wage adjustment mechanism is specified as:

we=w, = fIN] -N), 27 (7.5)
where Z” is a set of factors causing wages to deviate from their equilibrium values.

A reduced-form for the non-market-clearing model is:

w,o= (2,20, 2", T,w,_]. (7.6)
This is different from the market-clearing case (7.3) due to the inclusion of Z™and w,_, .

The reduced-form representation of employment in the non-market-clearing case is:

N =fz:.28 2" Tow, 1. a7

i

The labour force (L) may be treated as exogenous or explained by a participation equation. Both
instances allow changes in employment to be directly associated.with changes in unemployment:

U =L -N,. (7.8)
In practice, the excess demand for labour is proxied by the level of unemployment (U), giving:
wo—w_=fWU.Z") | (7.9)

which closely resembles the augmented Phillips curve:

wo—w,_, =f(U, P IP_.Z") (7.10)
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where P° is the expected price level. The Phillips curve, 1.e. the relationship between inflation

and unemployment, is therefore embodied in the dynamic adjustment mechanism to equilibrium.

7.2.2  The demand for labour

For purposes of consistency between factor demands and price setting, these equations and every
decision about the supply of output ought to be derived jointly. Nickell (1988) argues that if this
consistency is not present, the equilibrium level of employment consistent with the NAIRU may
not correspond with that given by the labour demand function conditioned on equilibrium real
wages. For this reason, Layard and Nickell (op. cit.) suggest the cost function approach opposed
to the production function approach to derive factor demands.

For the purpose of generating a measure for capacity utilisation, this study opted for an approach
where the cost function was directly estimated and then utilised to derive a consistent production
function based on the principles of Shephard’s duality. This approach ensures consistency

between factor demands and the price setting mechanisms. The factor demands are now derived
from a production function that is consistent with the underlying cost structures of the economy.

The approach can be summarised as follows:

Assume a production function of the general form:

yv=v(nmk ) | (7.1

where vy is output, » is employment, & capital stock and ¢ technology. The labour demand function
can be derived by rearranging the marginal productivity condition for labour under profit

maximisation. A firm ensures profit maximisation by employing workers up to the point where
the real wage equals the marginal product of labour:

w/p=y,(nkt). (7.12)
Rearranging and substituting capital with the production function yields:

n® =n’(w/p,y,0). (7.13)
Assuming a Cobb-Douglas technology then gives:

n =ay-(wip)” (7.14)

with « the labour elasticity of production.
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z =, (WIP.Y" al)K,

- +

(7.18)

where ¥ denotes expected demand and &, capital stock.

A union, representing the labour force associated with a certain firm (L, ), is assumed to bargain

about wages in order to maximise its utility (U, ):
U,=Nyv+(L, -N)¥ (7.19)
where v is a union member’s utility if he is employed within the firm, ¥ is his utility if not.

The union member’s utility functions may be written as:

v=vw(W_ I/ P) (7.20)
and
v=v(W, /P N/Lz,) (721

where W, 1s the consumption after-tax wage and P is the consumer price index, denoting
W_I/P; as the real consumption after-tax wage. z,denotes those variables that improve the

worker’s welfare while unemployed, e.g. the replacement ratio (or unemployment benefit relative
to income).

The real consumption wage (W, / P} is dependent on the real product wage (W /P) and the

wedge between the two. These wedge elements consist of (1) taxes changing product wage
relative to consumption wage, e.g. employers’ labour taxes, employees™ income taxes and taxes
on consumption goods, and (2) the real price of imports (P, /P)*. Equations (7.20) and (7.21)

can therefore be written as:

v=v(W /P z, P, /P) {(7.22)

and

(7.23)
V=V(W /P 2P, /P z, NIL)

where z, is the taxation element of the wedge.

P denotes the price of domestic output {not value added).
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A Cobb-Douglas cost function was estimated and validated as representative of the South African
production structure and utilised to derive a consistent production function based on Shephard's
duality principles.” The production function is now used to derive the demand for labour wathin a
framework of profit maximising. A distinction is made between the demand for skilled and
unskilled labour. Based on the theoretical exposition in the previous section, the demand for

skilled labour (N %) is specified and estimated as:

N = f(y,(w, Iw,).(costf /1))
+ - -

where y is the real output, (w,_/w, ) denotes the skilled relative to the unskilled wage rate and
(cost? /r) specifies the total real product cost of skiled labour for a firm, relative to the real

user-cost-of~capital. The real cost of labour takes mto account income taxes payable by the firm,
as well as pension and medical contributions made by the firm — each of these can be quite
substantial where skilled labour is concerned. With the inclusion of (cosf? /r) the Manning

(1992: 5) assumption of super-neutrality is relaxed to some extend. The notion of super-
neutrality is that equilibrium unemployment is independent of capital accumulation and
productivity (Hall and Nixon 1997).

d

The demand for unskilled labour ( V) is specified and estimated as:

N =Fw])
.%, —

where w is the real product unskilled wage rate.

A model for the labour activities in the informal sector { N, ), separate from the formal labour

market activities, is specified in order to capture the unutilised potential of the informal sector:

Nig = F(y.w°)
_+_ J—

where w©is the total consumption wage rate.

Labour supply 1s also divided into skilled and unskilled workers. Based on the availability of
reliable data, total and skitled labour supply are estimated and used to derive the supply of
unskilled labour.

Although total labour supply ( N7 ) 1s specified as: N* = EAP * LFP with LEP = f(w®,Z%) it is

estimated 1n the form:

See chapter 4.



N® = f(w®, EAP.Z*)

+ o+ o+

where EAP is the economically active population. The set of exogenous determinants of labour
supply (Z°) such as unemployment benefits, the role of labour unions and real interest rates, are
mainly included in the short-run estimation of the model.

The supply of skilled labour (N]) may be defined as N =N"*share , with
share, = f(w® educ) where share  denotes the share of skilled labour in the total labour supply

and educ refers to the level of education.
Skilled labour supply { V) s estumated by:

NI =f(w®, educ, N*)

+ o+ o+
with N7 only included in the short-run dynamics of the model.

Wage functions, consistent with the neoclassical cost-minimising approach and based on the
Layard-Nickell framework discussed in section 7.2.4, were specified for both the skilled and
unskilled fabour markets.

The skilled wage rate (W, ) is specified and estimated as:

W, = f(P°, product )
+ +

where W _denotes the nominal skilled wage rate, P is the expected consumer prices and
product signifies labour productivity. Note that the skilled wage rate is estimated in nominal

terms. The notion is that skilled labour, due to the tax-structured nature of their remuneration
packages, are primarily concerned with and therefore base their utility maximising decisions on
the nominal value of the wage remuneration. The other explanatory variables specified in the
Nickell-Layard framework are included in the short-run dynamics of the wage model.

The unskilled wage rate (w ) is specified and estimated as:

wo :f(P“,prod&c{n,xgdd)

+ + +

where w is the real consumption unskilled wage rate and x,,, is real gold exports, included to

adjust unskilled wages for the structural break caused by the mining industry in the early 1980s.
The real value South African gold exports slumped dramatically due to a declining international
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interest in gold and a sharp decrease in the gold price. Similarly to the model of skilled wages, the
other explanatory variables included in the short-run dynamics of the wage function are those
specified in the Nickell-Layard framework.

7.3.2  The data
Appendix 7 describes the data and related processes utilised in the empirical estimation of the
labour model. Appendices 8 and 9 present an explanatory list and graphical representation for

each of the variables encountered in both the long-run cointegration and short-run error correction
model.

7.3.3 Demand for labour
7.3.3.1 Demand for skilled labour
(1) The estimation results of the cointegration equation

The cointegration results, based on the empirical specification presented in the previous section,
are reported in table 7.1

Table 7.1 Cointegration equation: Demand for skilled labour

Dependent Variable: In_ns

Method: Least Squares

Sample{adjusted): 1971 1995

Included observations: 25 after adjusting endpoints

Variable Coefficient  Std. Error  t-Statistic Prob.

In_bbp_90p 0310367  0.006050  51.30205  0.0000
In_rel_wsu rat  -0.628338  0.064917 -9.679053  0.0000
In_rel_wscost u  -0.135828  0.012351  -10.99734  0.0000

R-squared 0.991987  F-statistic 1361.835
Adjusted R-squared 0.991259  Prob(F-statistic) 0.000000

The Engle-Granger test statistic of ~5.03 is compared with the computed MacKinnon’ and the
specified cointegration augmented Dickey-Fuller critical values respectively The results rejected
the null of no-cointegration in favour of stationary residuals and cointegrated variables. Figure
7.1 represents a plot of the stationary residuals.

Critical values for the relevant response surfaces can be found wn MacKinnon (1991). The response surface
for any number of regressors, excluding any constant and trend components, 1 £ n <6, can be calculated as

C{p)=bdo, +¢}T”l +¢,7 2 where ((p) is the p percent critical value.
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Figure 7.4 Residuals: Demand for unskilled labour (In_nu)
0.06
0.04 4 /\
A\ /A
0.02 / /A
I \ S AN
L Ao VAR A Ay
/N |
/ 4
0.02{ / V/ \
0, \ / \
-0.04-
0,06 et ‘
70 72 74 76 T8 80 §2 84 86 88 90 92 94
(i) The short-run dynamics: error correction model (ECM)

The estimation results of the short-run adjustment path in the long-run equilibrium are reported 1n
table 7.8.

Table 7.8 Error correction model: Demand for unskilled labour
Dependent Vanable: A(ln_nu)
Method: Least Squares
Sample(adjusted): 1974 1995
Included observations: 22 after adjusting endpoints
Variable Coefficient  Std. Error  (-Statistic Prob.
residual(-1) -0.130607  0.064762 -2.016733  0.0688
A(ln_socind) -0.083803  0.019051 -4398812  0.0011
A(ln_socind(-1)) 0.059588  0.018826  3.165141  0.0090
A{ln_interposind) ~ -0.074636  0.009589  -7.783107  0.0000
Alln_interposind(-3)y -0.019511  0.00859] -2.271173  0.0442
A(ln_gprys_r{-2})) 0.068958  0.008773  7.859921  0.0000
Afsanction_dum) 0.022791  0.004274 5332887  0.0002
A(ln_uniopresind(-1)) -0.030357  0.014388 -2.109857  0.0586
A(ln_uniopresind(-3)y  0.046513  0.016109  2.887461  0.0148
A(ln_bbp 90p(-1))  -0.101683  0.067336 -1.510081  0.1592
c -0.022128 0002792  -7.926049  0.0000
R-squared 0946229  F-statistic 19.35697
Adjusted R-squared 0.897345  Prob{F-statistic) 0.000014
S.E. of regression 0.004663

Socio-economic factors (/n_socind) such as the level of education, provision of housing and basic
services such as electricity, the crime rate, leveis of disposable income, unemployment benefits
and other government transfers, have a significant effect on the efficiency of labour in South
Africa. The demand for particularly unskilled labour is affected by these factors. Given the large
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Figure 7.18  Actual and fitted values of In_ws_rat
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7.3.5.2 Unskilled wage rate
{1) The estimation results of the cointegration equation

The Engle-Granger test statistic of —=3.78 confirms that the set of varables specified in the
empirical model is cointegrated. The long-run coefficients of the cointegration equation are

reported in table 7.37.

Table 7.37 Cointegration equation: Real unskilled wage rate

Dependent Vanable: In_wuvpi_rat
Method: Least Squares
Sample(adjusted). 1970 1994

Included observations: 25 after adjusting endpoints

Variable Coefficient  Std. Error  t-Statistic Prob.
In_vpi(l) 0038106  0.019884 2922283  0.0079
In_xgoud px 0.383017 0.115404 3318941  0.0031
In_product 1.079851  0.248837  4.339593  0.0003
R-squared 0.641314  F-statistic 19.66750
Adjusted R-squared 0.608706  Prob(F-statistic) 0.000013

Figure 7.19 provides a data plot of the stationary residuals.
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