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1. Introduction

The determinants of economic growth have long interested economists. A number of
vaiables have been found to be sgnificant, anong them the privae invesment rate,
human cepitd investment rates, the politicad dability of a country and others. An
important sub-category of such determinants is policy variables. Specificdly, two such
variables are government consumption expenditure and the inflation rate.

In this paper we will employ an endogenous growth model as we investigate the effects
of policy on per capita GDP. We dlow for the possbility of nontlinearities in the
relationship between government consumption expenditure and the inflation rate and
GDP.

Cross-sectiond dudies of the determinants of economic growth find the impacts of both
government consumption expenditure and the inflation rate to be negative, as shown in
Table 1. A diginguishing feature of these dudies is tha the policy variadles enter the
gpecification linearly. Either of the feasble sgns on the policy variables implies a corner
solution that seems implausble Complete reliance on private markets is chdlenged a
leest by the literature surrounding the impact of human capitd on economic growth.
Complete nationdization of the economy is difficult to judify on efficency grounds. The
implied interpretation of the policy varigbles in growth dtudies is that they capture piece-
wise linearity. A better solution, therefore, would be to recognize the likey non
linearities explicitly. It iswith this task that the present paper is concerned.

The idea is tha for rdaively low levds of government consumption spending and
inflation, the impact on the growth rate may be postive but as the ratio of government
consumption spending to GDP and the inflation rate increase they begin to have negdive
effects on GDP. Time series edimations of this hypothess show that this may indeed be
the case for South Africa

This is the only known study of its kind to undertake such an invedtigation. While the
South African literature is peppered with comments and thoughts on the role of policy
with respect to economic growth there have been no empirical investigations. Further,
there is no known study worldwide that examines the possbility of a norlinear impact of

policy on growth.

The paper draws from both the theoretical literature on growth as wel as the internationd
empirica findings. The following section provides a brif summary of the literature. In
Section 3, we extend the finding of Baro (1990) tha government consumption
expenditure has an optima level beyond which it begins to reduce per capita
consumption to show that it dso has an optimal leve with respect to the growth rate of
output. We aso present a brief analyss of the effects of inflation on growth.

We then dlow for the possbility that policy may have an indirect effect as wdl as a
direct effect on growth via its effects on invetment. We show that government policy



can affect investment, which, as shown by Levine and Rendt (1992), is one of the most
robust determinants of growth.

Section 4 outlines the econometric methodology to be used, specificdly the Johansen
esimation gpproach as wel as the autoregressve threshold effects methodology. We
provide an outline of the models to be estimated. In Section 5 we discuss the data to be
used. Section 6 outlines the univariate time series characteristics of the data and reports
the empirica results. Usng gppropriate time series estimation techniques the empirica
findings show that policy does indeed have a Sgnificant direct effect on per capita GDP
in that higher levels of government spending and inflation reduce GDP. An examination
of the posshility of the exigence of an optimd level of government consumption
gpending and inflation show that there could indeed exig such threshold levels for both
vaiables. The find edimaion suggedts that it is insufficient to examine only the direct
effects of policy. It is necessary to examine the indirect impacts too. Section 7 concludes
the paper.

2. Literature Review

The impact of government consumption expenditure on economic growth has received
much empirical attention. Barro (1991) and Fischer (1993) found that government
consumption expenditure has a negative effect on economic growth. Moreover, it has
been shown that government consumption expenditure is negatively related to private
investment (Barro 1991).' Levine and Rendt (1992) show that investment expenditure is
one of the key determinants of economic growth and Fedderke (1999) shows that private
invesment and growth are more highly corrdated in South Africa than any other form of
investment expenditure.

As noted in the previous section, the international literature in general focuses on the
direct linear impact of policy on economic growth. In addition to this, most sudies
reported in Table 1 are cross-sectiona over a number of countries. In this section we
report some of the findingsin the literature.

Kormendi and Meguire (1985) conduct a cross-sectiona sudy across forty-seven
countries invedtigating the effects of monetary variance, risk, government spending,
inflaion and trade openness on growth. Specificdly, with respect to government
goending, they find that the mean growth raie of the ratio of government spending to
output has a podtive effect on GDP growth, dthough Levine and Rendt find the impact
to be negative and indgnificant. An explanation for this finding is offered in the next
section.

Grier and Tullock (1989) repeat the work of Kormendi and Meguire on a larger sample of
113 countries from which they congdruct a pooled cross-section/time series data set-the
only study included that is not cross-sectiond. They test for regulaities in the data rather
than robustness The finding is that both the inflation rate and government consumption

! SeeTable 1.



expenditure as a proportion of GDP are negatively related to growth. On the larger data
st they find, contrary to Kormendi and Meguire, that the mean growth rate of the ratio of
government spending to output has a negative and significant impact on GDP growth.

Baro (1991) invedigates the effects of a large number of explanatory variables on
growth. He edimates a sandard growth equation, which includes invesment in human
copitd as wdl as vaiables proxying dability. The finding is that invesment in both
physcd and human capitd is podtively rdated to growth. The raio of government
consumption expenditure to GDP is negetively rdated to growth, asisingability.

As a rexult of the numerous empiricd examinations of the determinants of growth,
Levine and Rendt (1992) undetake a dSudy examining the robustness of such
determinants. The main concluson is that the invesment rate in physca capitd is the
most robust determinant of growth, dthough invetment in human capitd dso hes
postive implications for growth. In addition, they find that government consumption
expenditure, the mean growth rate of the ratio of government spending to output, changes
in the price levd and ingability reduce growth, though the robustness of these findings is
open to question.

Very few of the studies lised above focus on the effects of monetary policy on growth.
De Gregorio (1993) compensates for this by conducting an empirica sudy, which
examines the impacts of various types of monetary messures on growth. The man
finding isthat average inflation has a negative effect on the growth rate.

Eagerly and Rebdo (1993) introduce another aspect of fiscal policy in an investigation of
the impacts of the tax rate on GDP growth. The finding is that as the margina tax rate
increases, the growth rate declines. However, as nontax revenue increases, the growth
rate increases thus suggesting the dedrability of a low tax rate. Easterly and Rebdo
include the standard variables of a growth equation and find, consstent with the previous
evidence, that human capitd benefits growth while government consumption expenditure
and ingtability both have negative impacts on growth.

There is thus a clear relaionship between policy and growth. The effect is found to be
predominantly negative in the levd of government consumption expenditre and
inflation, as wdl as negative in the variability of the two. Table 1 ligs the results of a
number of invedigations of the effects of policy on growth as wel as some other
contralling varigbles.



Table 1. International Empirical Findings Note: All studies are cross-sectional

Policy Variables

Barro
(1991)

Fischer
(1993)

Levine

&

Rendt

(1992
*

De
Gregorio
(1993)

Baldwin
and

Seghezza
(19%)

Kormendi
and
Meguire
(1985)

Grier
and
Tullock
(1989)

Easterly
and
Rebelo
(1993)

Easterly
(1993)

Government
consumption
expenditureasa
proportion of
GDP

*

Government
investment
expenditureas a
proportion of
GDP

Government
investment
expenditureas a
proportion of agg.
investment

Growth of the
government sector
asaproportion of
GDP

Inflation

Averageinflation

Variahility of
inflation

Average rate of
change of
inflation

Standard
deviation of
inflation

Marginal tax rate

Individual income
taxes/personal
income

Domestic
taxes/consumption
+ investment

Other Variablesincluded:
Initial per capita GDP, Primary School Enrolment Rates, Secondary School Enrolment Rates, Number of Revolutions and
Coups, Number of Assassinations, Socialist Economic System, Mixed Economic System, theinvestment rate, an Africa
Dummy variable, Capital Revenue as a proportion of GDP, GDP growth, Black market premium, Literacy, Human
capital investment, M1 growth, Money Base Growth, Standard Deviation of Money Supply Shocks, Mean Money Supply

growth.

+/- indicate the sign of the variable
* indicates significance




3. Theory

3.1 Introduction

The purpose of this paper is to examine the impact of demand-side government policy on
long-run economic growth. Both the South Africa Foundatio? and GEAR®, when
elaborating on an gppropriate macroeconomic strategy for South Africa, stressed the need
for fiscd discipline, the avoidance of large fiscd deficits and minimd date intervention.
Both saw these measures as resulting in increased invesment and through this, increased
growth. By contrast, LABOUR* stressed the need for the remova of inequdity in South
Africa. This was to be achieved by increasng the role of the date through fiscd policy.
Funds were to be obtained through “increased taxation of the wedthy” (Nattras, 1996).
These are two opposing views of the role of fisca policy in the growth process that have
receved much comment and criticism (Nattras, 1996). There are thus a number of strong
opinions on the role of fiscd policy. Yet there exigs very little empiricd andysis on the
impact of fiscal policy on long-run South African growth.

Interest in demand-side policy in the context of growth may appear srange a first dght
for a leest two reasons. Traditiond growth theory makes no dlowance for anything but
growth in technology, capital and labour (Solow, 1956, 1957, Swan, 1956). Consider an
aggregate congtant returns to scale production function:

Y= A(t) F(K,L) (@)

where Y, output, is dependent on technology, A(t), and is a function of capital, K, and
labour, L. We assume that technological change is neutrd. This provides growth in
output over time given by:

Y_A :
—=—+w,—+W — 2
VAl T 2

where Y indicates the time rate of change of output® Thus the proportiond rate of
increese in output depends on the proportiond rate of technologicd change and the
proportional rates of change n the capitd stock and number of workers employed. The
weights (wx, w;) atached to cepitd and labour are their shares in national output,
reflecting their importance in the production process. In the neo-classcd growth modd
the factors that determine a country’s long-run equilibrium growth rate will be those that
affect the rate of technologica change, labour force growth, the rate of capitd formation

2 See SAF, (1996)

3 See GEAR, (1996)

* See LABOUR, (1996)

® Note that there are limitations to this approach. The first limitation is that it does not disaggregate factor
inputs by quality classes. For a demonstration of the potential impact of this see Jorgenson and Grilliches
(1967) and Jorgenson, Grilliches and Fraumeni (1987). A second limitation is the assumption that factor
social marginal products coincide with observable factor prices. The final limitation is the assumption of
constant returnsto scale.



and the shares of capitd and labour in national output. Fiscd policy may dffect the
savings rate and the savings rate affects output per worker. However within the neo-
classcd growth mode, the long-run equilibrium growth raie does not depend on a
nation’s savings rate. The growth rate remains determined by the natural growth rate.®

Why then is there such an interest in government policy and its effects on growth? In
what follows we will investigate the posshility of both direct policy impacts as wel as
indirect policy impacts on growth. We focus on two ingruments of policy, namely,
government consumption expenditure and inflation.

3.2 Gover nment Consumption Expenditure

In this section we introduce government consumption expenditure as a factor of
production. In the way that endogenous growth models have dlowed human capita and
financid capitd to contribute to output, in this mode government spending is consdered
to contribute independently to output. This may be as a result of a correction of market
falures, the provison of public goods not covered by markets or because it provides
infrastructure  that enables private sector investment and improves the productivity of
private sector cepital. However, as with the case of the other factors of production,
government Soending is assumed to have adiminishing margina product.

The modd presented here is based on that of Barro (1990). In Barro's modd the focus is
on the exigence of an optima level of government expenditure with respect to per capita
consumption and its associated utility.

In the discusson that follows, we demondrate that implicit in the modd is dso the
posshility of a direct decdine in growth rates of output with risng government
consumption expenditure. It will be thisthat forms the focus of our discusson.

Note that both these findings are quite gpat from the usud arguments surrounding
government failure and didortionary effects of government, which will be touched upon
later.

® If there is an increase in the savings rate there will be an increase in the rate of capital formation as S=I in
equilibrium. However, the labour force growth rate does not increase, resulting in an increase in the
capital/labour ratio and a new equilibrium at a higher output per worker. At this point there will be no
further increases in output per worker and the equilibrium growth rate returns to its initial level. The
increase in the savings rate causes only a temporary increase in the growth rate. However, the higher
savings rate has resulted in a permanent increase in output and capital per worker implying a higher
standard of living.



The modd begins with a production function without government interference, which is
given by:

y= f(K €)
where y denotes output per worker and k denotes capital per worker. Under constant
returnsto capita:

y=Ak (4)

where A>0 is the congant net margind product of capita. The assumption is of constant
returns to a broad concept of capita that includes human and non-human capitd.

We now introduce the public sector into the andyss g is the quantity of public services
provided to each household-producer where g is measured by the per capita quantity of
government purchases of goods and services.” We consider the role of public services as
an input to private production. Production now exhibits constant returns to scale in capita
and public services together but diminishing returns in cepitd separadly. Note that here
the capitd concept has effectively been widened to incdude physcd capitd, human
cgpital and government consumption of goods and services, in which we continue to have
“collective’ condtant returns to scde. It is assumed that government produces nothing
and owns no capital. It merdy acts as a purchaser where that entalls buying a flow of
output from the private sector. The fact that an increase in government consumption
expenditure may have a podtive impact on output implies the existence of a market
falure which is corrected through the intervention of the government. This implies that
government is able to increase the efficiency of resource dlocation thereby increasing the
margina product of capitd, the impact of which isfdt in output.

The production function can now be rewritten as.
y=F(kg)
y/k= f(g/Kk)

y=kf (g/k) Q)

where f satidfies the usud conditions for postive and diminishing margind products, so
that f >0 and f ""<O0.

" Services are assumed to be provided without charges. Congestion effects are abstracted from.



3.2.1 Thegrowth rate of output

We can now andyse the impact of an increase in government consumption spending on
the growth rate of output. We know from equation (5) that
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Upon examining the second order conditions of Equation (7) it is not clear whether the
function is concave or convex, concavity and convexity both depend on the sze of the f,
£, £7, f® and @ variables. The implication is that for a positive vaue of dk the growth
rate may be podtive or negative. Letting dk=0, we find that Equation (7) is dways
negetive implying that the growth rate of output declines as government consumption
expenditure increases. There is thus the possbility that Equation (7) may be negdtive or
positive depending on the sze of g/k and whether we let dk=0 or not. It is thus possible
to have either
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depending on the size of the government consumption expenditure.

This result is important in that it suggests the feaghility of an optimd levd of
government consumption expenditure up to which the effect of any increases in
government consumption expenditure may be pogtive but beyond which any increases
lead to a decline of the growth rae and not smply a negaive linear impact of
government consumption spending. This is useful in that it removes the contradiction
between Barro's modd, where we assume that the impact of government on output is
postive, and the findings in the literature, which generdly show a negative impact. It is
therefore possible to have the pogtive effect of an increese in the growth rate of
government consumption spending as a proportion of GDP, as found by Kormendi and
Meguire (1985), if one congders only the linear impact of the varidble on the growth rate.
However, if we take into condderation the posshility of a non-linear impact, we dlow
for the existence of an optimal level of spending.

Thus the net impact of any government consumption spending on the output growth rate
is a matter of empirica determination and can be shown to be negative even in the case
of apositive margina product of capital .2

3.2.2 Digtortions

Despite the possble exisgence of an optima level of policy the question remans of
whether this levd will be reached. There are two issues surrounding the achievement of
the precise optimd leve. Firdly, public choice theory suggests that such an achievement
may be difficult. There is disagreement about the ability and desre of policy makers to
achieve the optimum. Proponents of the public choice view argue that macroeconomic
policy makers act to maximise ther own welfare rather then socid welfare® Thus the
gods of policy makers are not necessxrily condgtent with the achievement of socid
optimdlity, nor is there necessarily consistency in determining the gods of palicy.

8 Barro considers the additional case of the impact of government spending on growth viaitsimpact on
consumption by introducing the tax rate into the analysis. He begins with the consumer utility function
1-s

given by U(C)= . Through the maximization of utility he showsthat there is a potential level of

government spending such that any further increase will see adeclinein the growth rate of consumption.
9 See Tullock (1976) and Buchanan and Wagner (1977).
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Until now the agument has assumed away dl negative externdities resulting from
government consumption spending. It is possble that the introduction of the government
sector brings with it a number of possible digortions in the sense that the introduction of
government spending brings about price changes leading to possble misdlocations and
ineffidencies

3.3 Inflation

While the primary focus of the discusson in this paper is on the impact of government
consumption expenditure, we briefly consder the role of inflation and monetary policy
on growth.

Our concern is with how inflation affects long-run economic growth. De Gregorio (1993)
investigates the effects of inflation on growth through its impact on invesment. Inflation
is teken to be exogenous In an inflationary environment firms will reduce investment as
a result of an increase in the actud price of capitd goods, which includes its market price
as well as the cost of holding money to purchase new capitd. Firms need money to buy
capita goods and a reduction in firms red badances will increase the effective cost of
buying new capitd. Higher inflation may lead to excessve resources being devoted to
transactions and cash management ingtead of the production of goods, since firms are
subject to capitd gains or losses when they are exposed to high or voldtile inflation rates.
Thus an increase in inflaion will lead to an increase in the vaue of dready exiding
capital and will depressinvestment, which, in turn, leadsto alower growth rate.

Firms produce a single good that can be consumed or invested. Production is subject to
congtant returns to scale such that:

Yt = aki )

where a is the congant margind productivity of capital, k refers to a broad concept of
capitd that includes human and physcd cepitd in an endogenous growth framework,
and both output and capitd are in labour intensve form. It is assumed that firms require
money baances to purchase new equipment. Therefore the cost of investing i units is i(1
+ gmfi)), where s is a measure of transaction costs assumed to be decreasing and convex
in mi and m represents red money baances. This implies that the cost of invesing i
units is given by the purchase price of the investment as well as transaction cogts. Since s
is decreasing the implication is that the greater the amount of money badances hedd by the
firm the lower the transactions costs. Since firms hold money they are dso subject to an
inflation tax. The problem of a representative firm is to maximise its vaue, which is the
present discounted vaue of cash flows net of the inflation tax:

¥6 2 ampd U
e Q k- il T - o “
P [0} u

10| n this vein, Easterly (1993) provides one application to the distortionary impactsof taxation.
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subject to k =i ,and where p istheinflation rate and r is the discount rate.

Instantaneous revenue is the vaue of production, ak. Totd outlays per unit invested are
equa to 1+9(nVi). Firms are subject to an inflation tax of mp + m where mp denotes how
firms money balances are eroded due to inflation and m denotes the rate of change of
money baances. Firms can lend and borrow a an interest rate r. Equation (10) indicates
that as the inflation tax increases, the difference between output and the cods to the firm
of inflation narrow, thereby reducing the profit of the firm. This implies a reduction in the
contribution of additiond capita to profit. This reduction in turn will see a decrease in
the investment rate and thus the growth rate.

3.4 Indirect Impact

Thus far we have looked a both the direct effect of fisca policy on long run economic
growth, as wel as an indirect impact of inflation on growth via investment expenditure.
However we have not conddered in detall the role policy plays with respect to
invesment, which remains the core determinant of growth. We now turn to a discusson
of this question.

As long as invesment remains the core determinant of long-run growth, a crucia concern
for policy makers must be not only the posshility thet policy intervention may impact on
output growth directly, but that it may influence invesment dso as in the case of the
inflation andysds above. This posshility is noted in the discusson in Fedderke,
Henderson, Kayemba, Mariotti and Vaze (2001) which suggests that the impact of the
South African government’s fiscd policy in the 1970's and 1980's may wel have been
digortionary, lowering private sector investment expenditure. We further investigate the
plaughility of this hypothess in the andyss that follows. A full underdanding of the
policy impact on growth must isolate the net impact on growth - both direct and indirect.

It is for this reason that we examine the effects of policy on invesment as well as on
growth. Among the determinants of invetment are the rate of return on investment and
the usr cost of capita. It is these variables that policy is able to affect through
adjustments to the interest rate and the corporate tax rate. Fedderke (2000) has shown that
these vaiables ae dgnificant deleminants of invesment in the South African
manufecturing indugtry. The implication of this is that policy mekers, by virtue of being
able to influence the rate of return and the user cog, are able to substantidly affect the
investment rate.

However this power is bounded by the impact of uncertainty. Regular, unexpected, policy
adjustments contribute toward investor uncertainty since the rate of return and user cost
canot be guaranteed. The literature has shown uncertainty to be a ggnificant
determinant of investment.



Yet, uncertainty may have two possble impacts on invesment. As the early investment
literature indicates, uncertainty would be of concern whenever firms make irreversble
investment decisons' Under the assumption of constant returns to scale production
technology, and assuming uncertainty pertains to output prices, the margina product of
capitd is convex in the uncertain output price such that rigng uncertainty raises the
margind vauation of an additiond unit of cgpital and hence stimulates investment.

The modern investment literature suggests that under asymmetric adjusment costs
uncertainty may lead to a reduction of invesment!? Irrevarsbility of investment
decisons implies that there may be a return to waiting so that the decison not to invest a
the present point in time can be thought of as the purchase of an option. The vaue of
waiting aises from the fact that in an uncertan environment investing now rather than
when more information is known has an opportunity cost associated with it. The result is
that uncertainty generates a reward for waiting and hence, tha increases in uncertainty
have the posshility of lowering investment. Thus the modern literature recognizes two
posshble effects of uncertainty on invesment: a pogtive effect whereby investing now
caries with it information and a negdive effect arisng from the opportunity cost of
investing now rather than in the future. The net effect of uncertainty on investment is thus
ambiguous.

A rise in uncetanty rases the threshold a which invesment will be triggered,
suggesting a negative link between invesment and uncertainty. However, uncertainty
may dso rase the voldility of profit flows such that the higher threshold leve of
profitebility is satisfied more frequently than in a certan environment, generaing more
frequent burgs of invesment expenditure. In this case, the effect of increased uncertainty
may be to rase invedment expenditure on average. Thus aggregate investment
expenditure during any discrete time interval may or may not increase.

Despite this ambiguity, the impact of uncertanty on invesment in the South African
context has empirically been found to be negative. Fedderke (2000) and Fieding (1997,
1999) find that in South Africa uncertainty has a negetive impact on investmen.

Thus when introducing an invesment equation into the analyss of the direct and indirect
effects of policy on output we need to include some measure of uncertainty since policy
works hand-in-hand with uncertainty in affecting invetment. Policy mekers tread a fine
line between desgning and implementing policy that simulates invesment and thereby
increasing the threshold below which investment does not teke place due to increased
uncertainty.

1 For adiscussion of the early literature see Aiginger (1987), Hartman (1972) and Nickell (1978).
12 See Dixit and Pindyck (1994) and Price (1995)
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4. Econometric M ethodology

The expectation of up to two long-run relaionships in the data, a direct impact and an
indirect impact, suggests the use of the Johansen VECM estimation technique™ A
vector error-correction (VECM) framework is employed, where for k variables there are r
possble cointegrating relationships, such that 0 £ r £ k-1. This gives a k-dimensond
VAR:

z = A1z + ... + AnZ.m + M+ dy (11)

where m denotes lag length, m denotes the deterministic 1(0) elements and d a Gaussan
eror term. Since the data condsts of nondationary variables we are redtricted to 1(2)
eements. Reparametrisation dlows the following VECM specification:

k-1
Dz, = GDz., +P 7., +mtd, (12)

i=1
The existence of r cointegrating reationships implies the hypothess that:
Hi(): P =ab’ (13)

where P isp " p,and a, b arep ~ r matrices of full rank. Hy(r) is thus the hypothesis of
reduced rank of P. Where r>1, issues of identification arise’® Spedificdly, this may
occur when investigating the indirect impacts of government consumption spending on
GDP through its effects on investmen.

We egtimate three model s determining the effects of policy on per capita GDP.
4.1. Linear “Reduced” Direct | mpact

We begin with the approach followed in the growth literature by examining the
“reduced” direct linear impact of policy on GDP. We do this by estimating an eguation in
which we regress the private invesment rate, two types of human capital and the policy
variable on per capita GDP. We find the exisence of one cointegrating vector in the data
and ae thus required to make one judt-identifying redriction, which we do by
normaizing on per capita GDP. Thelong-run parameters are given by:

13 See Johansen (1991) and Johansen and Juselius (1990).
14 See Wickens (1996), Johansen and Juselius (1990, 1992), Pesaran and Shin (1995a, 1995b), Pesaran,
Shin and Smith (1996).

14
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where y denotes per capita GDP, | the private invessment rate, Hxs a human capitd
measure, Hy» another human capita measure and P the policy variable, either government
consumption expenditure or the inflation ratel® Cointegrating relationships are provided
by @ = buy+ bl + bisHk +buaHie + orisP with the aj; providing the loading terms. We
edimate a third rdaionship under this specification in which we include both policy
variables smultaneoudly.

4.2.Non-linear “Reduced” Direct Impact

The second model again investigates the direct impact of policy given a reduced set of
variables. However, we now include an indicator term, which we use when testing for the
exigence of a non-linearity.

In order to test for an optima level of government consumption expenditure we employ
the threshold autoregressve estimation procedure. This technique suggests the estimation
of:

Yt =bo +(b11 + b1l (Pr-1 - Q)P (15)

where y is per capita GDP, P is the policy variable and 1(P.-1 - Q) is an indicator varigble.
The indicator variable is created by sdecting a potentid optima levd of the policy
variable denoted by g. g is then subtracted from the origind data series denoted R.;. Al
vaues of the new series that are greater than zero are set equd to one and al vaues less
than zero are st equa to zero such that 1(P..1 - Q) is a dummy varigble with vaues of zero
and one.

In order to determine what the threshold level might be, we add the bi; and bis
coefficients. The lowest government spending to GDP ratio that causes the sum to
become negative indicates the threshold beyond which any further increases in the ratio
lead to decreases in per capita GDP.1°

15 L ower case letters denote the variablein per capitaterms.
16 See Potter (1995) and K oop, Pesaran and Potter (1996)
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We continue to find the presence of one cointegrating vector in the data. Thus the long
run parameters are given by:

@..0 6y
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where IPistheindicator variable and the other variables are defined as before.
4.3 Indirect Non-linear Impact

The third mode we estimate incorporates the possbility of an indirect impact of policy
on per cgpita GDP via policy’s impact on investment as well as the standard direct impact
of policy on GDP. We again dlow for the posshility of a nortlinear impact on both
investment and on per capita GDP.

In the case where r = 2 the long run parameters are given by:
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where y denotes per capita GDP, | the invesment rate, Hix the fird human cepitd
measure, Hyo the second human capitd measure, U indability, UC the user cost of
capita, and P and IP ae the policy variable and indicator variable, respectively.
Cointegrating relationships are provided by @ = b1y + bl + bsHk +bsHe + bsU +
beUC + b7P + bglP, with the a; providing the loading terms. Exact identification
requires r’ restrictions. Since we have r=2 we require 4 just-identifying restrictions. In
teems of the preceding theoreticd expostion the equation can be over-identified by
means of :
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where the appropriate over-identifying theoretical redrictions have been incorporated.
This dlows for two channds of influence of government consumption expenditure on
output: the impact of government consumption expenditure and the indicator term on
invesment, byz and bag; the impact of investment, biz, on per capita GDP, and the two
measures of government consumption expenditure, b17 and bg, on per capita GDP.

5. Data

We employ a time series data set that runs from 1935-1992 for Models 1 and 2 and from
1947-1992 for Model 3.

The variables employed by this study to investigate the effects of policy on output are:

Government  consumption expenditure as a rdaio to GDP-GOVCGDP.
Government consumption expenditure condsts of remunerations, depreciation of
fixed capitd and intermediate consumption less fees and charges. It does not
include expenditure on education. Observations for the years 1935 - 1945 were
obtained from Union Satistics for 50 Years (1910-1960). Later observations were
obtained from the South African Reserve Bank.

The inflation rate, cdculaed from CPl and obtaned from the same sources
INFLAT.

In addition we include a number of varigbles that have become standard in the growth
literature as wdl as variables dandard to an invedigation of invesment. All variables
were obtained from Union Satistics for 50 Years (1910-1960) and the South African
Reserve Bank, unless otherwise specified.

Red pe capita GDP a factor cost-LNPCGDP. Since the econometric
methodology alows for the invedigation of both long-run and short-run effects
the dependent varidble is per capita GDP dlowing the impacts of policy on
growth to be given by the short-run dynamics of the modd.

17 1n Model 3 weintroduce the User Cost of Capital which is only available from 1947.
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The invesment rate (INVR) is caculated from net changes in the stock of
meachinery and equipment for South Africa

As specified in the theoretical section of this paper and as applied in modern growth
dudies, investment in human capitd is as vitd as invesment in physca capitd. Both the
models of Barro (1990) and De Gregorio (1993) consst of capita stock that comprises
physcd and human capitad, conastent with endogenous growth theory. We look a two
measures of human capitd:

WENROL measures the school enrolment rate for “white” pupils. The variadle is
gpecified as the enrolment rate of the redevant age cohort, obtained from census
data This variable serves as a measure of the quantity of human capitd. We
ignore the other race groups due to the limited effectiveness of education policies
in the Apartheid era'® The data was obtained from Fedderke (2001).

As a measure of the qudity of human capitd we indude PDEGRPOP, which
messures the proportion of Mathematics and Science degrees to the whole
population. The data was obtained from Fedderke, De Kadt and Luiz (2001b).

Modd 3 incorporates two more variables following the discussion in Section 3.4:

LNINST sarves as a measure of uncertainty and captures politicd ingability in
South Africa from 1935-1992. The series is taken from Fedderke, de Kadt and
Luiz (20014a).

The user cost of capita is represented by COSTCAP as caculated in Fedderke,
Henderson, Kayemba, Mariotti and Vaze (2001).

A ddionary varigble is dso incuded, namely capacity utilizetion, which is defined as the
deviation of actua output from potentid capacity output.’® This is incdluded as a messure
of the rate of return on investment (see Price, 1995).

We include a dummy varigble for the years 1971-1992 as invedtigaions of the data
suggest a dructurd bresk in the inflation rate in 1970 when there was an increase in
inflation.?°

18 For an investigation of these series see Fedderke, De Kadt and L uiz (2000a).

19 calculated by means of a Hodrick-Prescott filter.

20 The tax rate has been excluded from the study. In a simple bivariate analysis it was determined that the
correlation between government consumption expenditure and the tax rate in South Africa over the period
1935-1992 is 0.96871 suggesting that one may be substituted with the other. In addition, Easterly (1993)
suggests that government consumption may be used as an indicator of taxes.
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6. Empirical Results

6.1 Univariate Time Series Characteristics of the Data

Table 2. Summary of the Univariate Time Series Characteristics of the data

Vaiable Description Augmented Dickey
Name Fuller Test Satigtics
~1(0) ~1(1)
LNPCGDP Real GDP per
capita -2.2378 -5.4156*
INVR Investment/GDP -2.0868 -5.8116*
INFLAT Inflation rete -.77560 -6.6199*
GOVCGDP Government -1.4270 -5.5486*
consumption/GDP
PDEGRPOP Proper degreesper  -.2648 -10.73*
capita
WENROL White scholar -1.0924 -4.4036*
enrollment rates
LNINST Ingtability index -2.5240 -8.948*
COSTCAP User cost of -1.4952 -5.8178*
capita
CuU Capacity -5.8165*
utilizetion

Table 2 summarizes the time series characterigtics of the data to be used in the andyss. *
indicates dgnificance and thus, in dl but one case, the acceptance of the null-hypothess
of nondationarity under the 1(0) tes. Since al variables are ether nondationary,
integrated of order 1(1) or stationary we use the Johansen estimation technique. Variables
beginning with LN arein log-transform.

6.2 Empirical Results

In this section we present estimation results for the three models specified above.

6.2.1 Linear “Reduced” Direct Impact

Tables 3 and 4 report the results of estimations of Model 1 where we examine the direct
linear impact of policy on per cgpita GDP. The trace and maximd eigenvaue datidics
(Table 3) show that there is only one cointegrating vector in the data in each case. There
is thus need for only one judt-identifying redriction and we have implemented this by
normalising on the dependent variable, per capita GDP.

All three esimations are consggtent with the literature despite the reduced form of the
equations edimated. The invesment rate and human capitd variadbles dl have the
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expected positive effect on per capita GDP.2* The first two estimations of Table 4 show
the direct impact of government consumption spending and inflation on per capita GDP
respectively, while the last employs a specification with both policy variables. The results
of edimations 1 and 2 show that both government consumption expenditure and the
inflation rate have negative and gSgnificant effects on output. Extending the modd to
include both variables in the edimaion shows that both government consumption
gpending and inflation continue to have a negative impact on per capita GDP. Modd 1
thus suggests an unambiguous negative impact of government consumption spending and
inflation on GDP.

We can dso andyse the growth equation given by the error correction specification.??
The dynamics of the modd imply an increese in the growth rate of output resulting from
an accdedion in government consumption expenditure and inflation reminiscent of the
Kormendi and Meguire (1985) result. The long-run results indicate that increases in
government consumption expenditure and inflation lead to declines in output and thus
that the economy moves to a lower deady date. The dynamics indicate that the
movement to the new Steady date is not linear beginning with an increase in the growth
rae of output as government consumption expenditure and inflation increase, followed
by adecline in the growth rate of output as the new steady State is approached.

The ECM in Table 4 reports the parameter of the eror correction term with its
probability vdue. The dze of the coefficients implies a dow adjusment process to
equilibrium. Note that we are estimating a “reduced” growth equation and thus that the
smal ECM coefficient may be due to an under- specification of the moddl.

The policy implication from these edimations is that South Africa needs to kegp both
government consumption expenditure and the inflation rate low. Just how low will be
invedigated in the next section. While the initid empiricd findings are consgent with
the internationa literature, the theoreticd congderations above should imply caution in
ther interpretation. Imposing linearity on a dructure that is potentidly fundamentdly
non-linear may generate biased parameter estimates.

21 Note that these are not standardized coefficients, thus the size of the coefficients has little meaning. For
the standard deviations of the variables the reader isreferred to Table ALl in the Appendix.
22 gee TablesA.2.1.1, A.2.1.2 and A.2.1.3 in the appendix for the short-run dynamics.
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Table 3. Per capita GDP, Investment rate, math and science degrees, white enroll ment rates and
(1) government consumption spending, (2) inflation, (3) both policy variables

Null hypothesis Null hypothesisr=1

r=0
Govcgdp
Maximal 35.8604 * 17.4039
Eigenvalue
Trace Statistic 73.1044 * 37.2440
Inflation
Maximal 27.3112 16.998
Eigenvalue
Trace Statistic 66.4339 * 39.1227
Both Policy
Maximal 44.8624 * 19.1083
Eigenvalue
Trace Satistic 102.2988 * 57.4364

* denotes significance

Table 4. Investigation of the direct impact of policy on per capita GDP

Dependent variable @ 2 3
LNPCGDP

INVR 2.0839 * 1.6616 * 2141+
PDEGRPOP 3602.9 * 5752.8 * 5909.8 *
WENROL 2.0361 * 0.46966 * 0.91536 *
GOVCGDP -3.3267 * - -1.9977 *
INFLAT - -2.5305 * -1.8240*
VAR 3 3 3

ECM (p-value)

-.1485 (.003)*

- 1576 (.003)*

-.2116 (.001)*

*denotes significance
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6.2.2 Non-linear “ Reduced” Direct Impact

In order to obtan more information regarding policy optimdity we proceed by
introducing the possbility of the exigence of nonlinearities, as suggested earlier, with

respect to the two policy variables considered in this studly.

Table5. Per capita GDP, Investment rate, math and science degrees, white enrollment ratesand
(1) gover nment consumption spending and an indicator term(2) inflation and an indicator term

Null hypothesisr=0

Null hypothesisr=1

Govcgdp
Maximal 48.1636 * 25.2271
Eigenvalue
Trace Satistic 111.3806 * 63.2170
Inflation
Maximal 34.6341 * 31.5561
Eigenvalue
Trace Satistic 88.9910 * 54.3569
*denotes significance
Table 6. Investigation of non-linearities
Dependent variable (4) )
LNPCGDP
INVR 0.64052 13735 *
PDEGRPOP 3941.8* 51341 *
WENROL 0.33985 0.47848 *
GOVCGDP -13.6277* * -
1G6 10.6452* -
INFLAT - -8.1789 *
2 - 5.1056
VAR 2 2
ECM (p-value) -.05856 (.033) * -.1138(.005) *

*denotes significance

# denotes joint significance of the policy variable with itsindicator term.



Table 7. An Examination of the Threshold Levels
GOVCGDP 6% 7% 8% 9% 10% 11% 12%

Linear term  -13.63* -12.49* -11.29* -9.484* -7.796* -6.594* -2474

Threshold 10.645* 10.001* 9.139* 7.662* 6.234* 5.248* -0.364

I nflation 1% 2% 3% 4% 5% 6%

Linear term  1.095 -8.179  -7.465* -11.76* -9.358* -4.721*

Threshold -5760 51056 15409 45546  3.1451* -0.0944
*denotes significance

Table 5 reports the results of the cointegrating vector analyss. There is one cointegrating
vector in the data implying the impodtion of one jud-identifying redriction through
normdization on per capita GDP. Table 6 reports the results of the estimation of the
threshold effects with government consumption expenditure at 6% and inflation a 2%.

As is the case in Modd 1 we see that the coefficients on the investment term as well as
those on the human capitd terms continue to confirm the findings in the literature® For
both edimations the combined tota effects of the policy varigble and the indicator
vaiable on output are negative thereby suggesing that these levels of government
consumption spending and inflation have aready breached the postulated threshold.

Once again the sze of the ECM codfficients implies a dow adjustment process back to
equilibrium following a shock to the sysem. As in the case for the direct linear effect, the
mode is likdy to be under-specified, providing a possble explanation for the sze of the
ECM coefficients.

Table 6 should be read in conjunction with Table 7, which reports the coefficients on
government consumption spending for a number of ratios of government consumption
spending to GDP. Due to the low number of observetions it is not possble to investigate
ratios of government consumption spending to GDP lower than 6%. Table 7 suggests that
if athreshold leved exigs it is to be found at a ratio lower than 6%. From 6% onwards we
see that the combined effect of the government consumption spending coefficient and the
indicator varidble is negative® At larger ratios we see that both the variable and its
indicator have a negatlive impact on GDP. Recdl tha we ae invesigaing only
government consumption expenditure and not government expenditure in its entirety
which accounts for the low ratio. Table 7 thus suggests that the optima ratio of
government consumption spending to GDP for South Africa over the sample period to
have been below 6%.

23 These coefficients are not standardized.
24 The combined effect is found by adding the coefficients of government spending and the indicator term.
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We can extend the andysis to the inflation rate. The results for inflation suggest that even
an inflation rate of 1% may have breached the threshold. Beyond 5% both the variable
and the indicator varidble ae negdive implying an unambiguous negaive impact of
inflation. For growth purposes, therefore, even the SARB's target range of 3-6% for
inflation may well be too high.

Once again, the eror correction specification suggests an initid increase in the growth
rate from an acceeration of government consumption expenditure and inflation as the
economy moves to the new Steady date. This again suggests a nortlinear movement of
the economy to the new deady Sate beginning with an increase in the growth rae of
output, followed by a decline as the Steady stateis reached.

We have s0 far replicated the findings in the literature of the negative impact of high
government consumption expenditure and a high inflation rate. We have dso shown the
posshility of the exisence of a nontlinearity in the data beyond which any further
increases in ether government consumption expenditure or the inflation rate will lead to
a dedine in output. The optimd levels of government consumption spending and the
inflation rate are low.

The implication is that there exigs a limited scope for demand-side simulus to long-run
growth.

6.2.3 Indirect Non-linear Impact

We now turn to an examination of the third modd from Section 4. Recdl the possble
impact of policy on invesment as wel as its direct effects on output. In addition it was
noted that uncertainty has avitd role to play with respect to investment.

Table 8 shows the existence of two cointegrating vectors in the data once we include the
additiona varigbles, notably ingability and the user cogt of capitd. We thus invedtigate
an output equation as well as an investment equiation.

Table 9 reports the results of an edimation invedigating the posshility of an indirect
non-linear reldionship between governmert consumption and GDP via government
consumption’s effects on invesment a a ratio of government spending to GDP of 12%.
As in the case of Modds 1 and 2 dl the coefficients have the expected signs?®
Investment in physcd capitd continues to have a podtive effect on GDP, as does
invesment in human capitd for both human capital variables In addition, white pupil
enrollment rates have a postive effect on the investment rate. As noted in Section 3.4,
indability has a negative impact on the invetment rate in South Africa, as does the user
cos of cepitd. Due to the dSationarity of the capacity utilisation variable it has been
omitted from the long-run analyss but appears in firg difference form in the short-run
dynamicsin Tables A.2.3.1 and A.2.3.2 in the gppendix.

25 Again, these are not standardized coefficients.
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In both the cointegrating vectors the combined effect of government consumption
goending and the indicator variable is negetive, confirming the hypothess of an indirect
impact of government consumption spending on GDP. The ECMs again have smdl
coefficients suggesting that the speed of adjustment to equilibrium is dow.

Standardising the coefficients of the edimations in Table 9 shows tha a one standard
deviation increese in government consumption spending leads to a 1.019 dandard
deviation decrease in per capita GDP. A one standard deviation increase in the indicator
variable leads to a 0.1826 standard deviation decrease in per capita GDP.

Table 10 reports the impact of government consumption expenditure and the indicator
term for ratios of 12% and 14%. The results show that the threshold level of government
consumption expenditure appears to have been reached a a lower raio of government
consumption expenditure to GDP than 12%. At 12% the totd impact of government
consumption spending is dready negatlve. Further, the impact of government
consumption spending on invesment is negative & both 12% and 14% implying thet
government consumption expenditure crowds-out private invesment a these ratios |If
there is a threshold beow which increases in government consumption expenditure leaed
to increases in invesment, this gppears to be reached before 12%. Unfortunately
limitations in the data, specificdly the limited availability of the user cost of capitd data
prevent us from examining ratios lower than 12%.

We can once agan andyse the growth rate of output from the error correction
gpecification. The dynamics of the output equation suggest, as before, that an accderation
of government consumption expenditure leads to an initid increese in the growth rate.
The dynamics of the invesment equaion suggest though, that an accderation of
government consumption expenditure leads to a decline in the rate of change of
invesment. It is thus only in the movement of the economy to anew output steady state
that we see theinitid postive impact of government consumption expenditure.

Tables 9 and 10 ae dgnificant in that they confirm the findings of the internationd
literature in terms of the direct impact of government consumption expenditure on output.
They a0 suggest that there is an indirect impact of policy on output via its impact on
investment as suggested in Section 34 and further do not discount the possbility of the
exigence of a nontlinearity. The evidence provided in Tables 9 and 10 shows that
edimations involving only the linear incidence of the vaiadle as wdl as sngle
relationship studies of policy on output may be mis-specified in that they fal to capture
the indirect impacts of policy on stability and investment.
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Table 8 Per capita GDP, Investment rate, math and science degrees, white enrollment rates,
instability, user cost of capital, government spending

Null Hypothesis Null Hypothesis Null Hypothesis

r=0

r=1

r=2

Maximal
Eigenvalue

Trace Satistic 151.9547*

51.8038*

36.8754

100.1509*

28.8565

63.2755

*denotes significance

Table 9 Cointegrating vector analysis

Dependent
Variable

Per capita
GDP

Investment

LNPCGDP
INVR
PDEGRPOP
WENROL
LNINST
COSTCAP
GOVCGDP
1G12

VAR

ECM (p-value)

0.30887

5308

-7.1024
0.74341
2

-.03102(0.03)*

0.73353
-0.012567
-0.00120
-0.96057
0.16480

2

-.415 (0.00)*

Table 10. Threshold effects

Threshold

Level

On Output  12%

Level
Threshold

On | nvestment
Level

Threshold

-7.1024

0.74341

-0.96057

0.16480

14%
-5.8036

-0.50069

-5.2054*

0.55036*
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7. Conclusion

Growth Theory accepts a role for policy in influencing the growth rate of an economy.
This paper provides an investigation of the impacts of two policy variables on economic
growth in South Africa over the 19351992 period - government consumption
expenditure and the inflation rate. The theoretica discusson shows the posshility of an
optima levd of government spending, beyond which we begin to see decreases in the
growth rate of output. In addition policy may have an indirect effect on output via its
effects on the investment rate.

Johansen estimation techniques replicate the internationa cross-sectional experience that
risng levels of government consumption expenditure and inflation lead to dedlines in
output when examining their direct effect. This is seen not only in the examination of a
linear direct impact as found in Model 1 but dso in Modes 2 and 3 where dlowance wes
made for the existence of non-linearities and an indirect impact of policy on GDP via
invesment.

Further, Modds 2 and 3 find evidence in favour of nontlinearity in the policy varigbles,
suggesting that there may, indeed, be an optimd raio of government spending and an
optima inflation rate beyond which we begin to see decreases in per capita output. Mode
3 suggests that such a nontlinearity may dso be present via indirect effects on output
through the effects of policy on invesment. Due to the low number of observetions the
search for the precise optima point is constrained.

While the impact of government policy on steady State output appears to be negative, or
subject to an optimd level of government consumption expenditure or inflation a very
low leves we have seen that in terms of the ghort-run dynamics, the impact of
government consumption expenditure and inflation may be podtive on growth. What is
ggnificant aout this finding is that it may come to account for any ambiguity in the
international  findings. But equdly, we should note tha the lowering of the long-run
deady dae solution means that any podtive impact of government consumption
expenditure or inflation on growth must be understood to be drictly trangtory, and hence
nornsustainable.

A larger data set is required in order to confirm the above findings. However the results
are sufficient to conclude that studies that are concerned merdly with the direct linear
effects of policy on GDP may be mis-gpecified and are ignoring potentid feed-through
effects from other variables as wel as the potentid exigdence of nonlineaities
Conclusions drawn from such studies need to be interpreted with care.
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Appendix

A.l. Standard Deviations
Table A.1 Standard Deviations of the Variables

Vaiables 1935-1992 1947-1992
LNPCGDP  .28851 .20163
INVR .068836 .032686
PDEGRPOP .3734E-4 .3198E-4
WENROL .055440 .035560
GOVCGDP .039748 .026944

1G12 .074906 .066341
INFLAT .049100 .049576
12 .053314 -
LNINST - 1.9395

COSTCAP - 10.9703




A.2.Error Correction Equations
A.2.1Error Correction Equationsfor the“Reduced” direct linear impact (Modd 1)

Table A.2.1.1 ECM for government consumption expenditure

ECM for variable LNPCGDP esti mated by OLS based on cointegrating VAR(3)

R R S R R I O S R R S S R R O
Dependent variable is dLNPCGDP

58 observations used for estimation from 1935 to 1992

EIE IR SR I I I I R I R S

Regr essor Coefficient St andard Error T- Rati o[ Prob]
I nt ercept 1.1186 . 35858 3.1196[. 003]
dLNPCGDP1 . 34137 . 13916 2.4531[.018]
dl NVR1 . 085693 . 16743 .51182[ . 611]
dPDEGRPOP1 46. 8253 541. 7478 . 086434[ . 931]
dWENROL 1 -.56065 . 54695 -1.0251]. 311]
dGOVCGDP1 . 063664 . 51501 .12362[ . 902]
dLNPCGDP2 -.074546 . 13846 -.53841[.593]
dl NVR2 . 0058615 . 14394 . 040723[ . 968]
d PDEGRPOP2 493. 4407 516. 5009 . 95535[ . 344]
dVENROL 2 -. 050757 .57519 -.088243[.930]
dGOVCGDP2 1.0727 .51178 2.0961[.042]
ecml(-1) -. 14854 . 047574 -3.1224[.003]

IR R R RS S S S S S S SRS EEEEE R R RS EEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES

Table A.2.1.2 ECM for the inflation rate

ECM for variable LNPCGDP estimated by OLS based on cointegrating VAR(3)

LR R R I R I I I I R R R I R I R R R I S R R R I I I
Dependent variable is dLNPCGDP

58 observations used for estimation from 1935 to 1992

R R R S S R R S S S

Regr essor Coefficient St andard Error T- Rati o[ Prob]
I ntercept 1.3220 . 42222 3.1311[.003]
dLNPCGDP1 . 26399 . 14767 1.7877[.080]
dl NVR1 -.088615 . 16718 -.53006[.599]
dPDEGRPOP1 -510.9780 653. 7087 -.78166[ . 438]
dVENROL1 -.45374 . 54386 -.83430[ . 408]
dl NFLAT1 . 093510 . 21383 .43732[ . 664]
dLNPCGDP2 -.021613 . 14727 -.14676[ . 884]
dl NVR2 -.10390 . 15060 -.68990[ . 494]
d PDEGRPOP2 -25.4421 585. 1613 -.043479[ . 966]
dWENROL 2 -.016848 . 56303 -.029924[ . 976]
dl NFLAT2 . 17449 . 17146 1.0177[ . 314]
ecml(-1) -. 15759 . 050300 -3.1330[.003]

EE R IR I I o O




Table A.2.1.3 ECM for government consumption expenditure and inflation

ECM for variable LNPCGDP estimated by OLS based on cointegrating VAR(3)

IR R R RS S S S S S S SRS EEEEE R R RS EEEEEREEEEEEEEEEEEEREEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES
Dependent variable is dLNPCGDP

58 observations used for estimation from 1935 to 1992

EIE R R S S I I R R

Regr essor Coefficient St andard Error T- Rati o[ Prob]
I ntercept 1. 7205 . 49442 3.4798[.001]
dLNPCGDP1 . 24905 . 14529 1.7142[.094]
dl NVR1 -.038897 . 16216 -.23986[.812]
dPDEGRPOP1 -811. 7412 688. 4779 -1.1790][ . 245]
dVENROL 1 -.86933 . 56676 -1.5339[.132]
dGOVCGDP1 . 39213 . 56284 . 69670[ . 490]
dl NFLAT1 . 12352 . 21281 . 58042[ . 565]
dLNPCGDP2 -. 089497 . 15636 -.57239[.570]
dl NVR2 -.11439 . 14749 -. 77555][ . 442]
dPDEGRPOP2 -167. 4317 610. 2266 -.27438[ . 785]
dWENROL 2 -.22430 . 59327 -.37807[.707]
dGOVCGDP2 1.2299 . 50843 2.4191[ . 020]
dl NFLAT2 . 056591 . 17406 . 32513[. 747]
ecml(-1) -.21161 . 060741 -3.4838[.001]

EIE IR R S S R R S R I I




A.2.2 Error Correction Equation for the “Reduced” direct non-linear | mpact
(Modd IT1)

Table A.2.2.1 ECM for government consumption expenditure

ECM for variable LNPCGDP esti mated by OLS based on cointegrating VAR(2)

R R S R R I O S R R S S R R O
Dependent variable is dLNPCGDP

58 observations used for estimation from 1935 to 1992

EIE IR IR S S I I R I R I S I

Regr essor Coefficient Standard Error T- Rati o[ Prob]
I ntercept . 54229 . 24138 2.2466[ . 029]
dLNPCGDP1 . 39705 . 13291 2.9874[ . 004]
dl NVR1 . 017546 . 17700 .099132[.921]
dPDEGRPOP1 29. 2995 482. 2389 . 060757[ . 952]
dVENROL 1 -. 061575 . 48601 -.12670[.900]
dGOVCGDP1 . 31076 . 65103 . 47734[ . 635]
dl G61 . 65191 . 47951 1.3595[. 180]
ecml(-1) -. 058566 . 026696 -2.1938[.033]
D1 -.012365 . 0080839 -1.5296[.133]

R R S S R S S R S S S S O O O O

Table A.2.2.2 ECM Inflation non-linearity

ECM for variable LNPCGDP esti mated by OLS based on cointegrating VAR(2)

R R S S R S S R S S R O S S S
Dependent variable is dLNPCGDP

58 observations used for estimation from 1935 to 1992

EIE IR IR S I I I R R S R I I

Regr essor Coefficient Standard Error T- Rati o[ Prob]
I ntercept . 97932 . 32697 2.9951[ . 004]
dLNPCGDP1 . 14884 . 13944 1.0674[ . 291]
dl NVR1 . 074306 . 16101 .46149[ . 646]
dPDEGRPOP1 -442.9031 512.1233 -.86484[ . 391]
dVENROL 1 -. 45145 . 50750 -.88955[.378]
dl NFLAT1 . 58075 . 28804 2.0162[ . 049]
dil21 -.52169 . 26650 -1.9576[ . 056]
ecml(-1) -.11380 . 038586 -2.9494[ . 005]
D1 -.0032003 . 0091117 -.35122[.727]

R R S S Rk S R O O




A.23 Error Correction Equationsfor the Indirect Non-linear Impact (Modd 111)

Table A.2.3.1 ECM Vector 1

ECM for variable LNPCGDP estimated by OLS based on cointegrating VAR(2)

EIE R R S S I I R R
Dependent variable is dLNPCGDP

45 observations used for estimation from 1948 to 1992

R R S R R I O S R R S S R R O

Regr essor Coefficient St andard Error T- Rati o[ Prob]
I nt ercept . 30313 . 13218 2.2934[.029]
dLNPCGDP1 . 61291 . 11590 5.2881[. 000]
dl NVR1 . 012146 . 050935 .23845[ . 813]
dPDEGRPOP1 -72.9108 119. 1587 -.61188[.545]
dVENROL1 -. 15697 . 14026 -1.1191[.272]
dLNI NST1 . 6265E- 3 . 4530E- 3 1.3830[.177]
dCOSTCAP1 -.2074E-3 . 1479E- 3 -1.4018[.171]
dGOVCGDP1 . 26878 . 18198 1.4770[ . 150]
dl G121 -.0061780 . 016636 -.37136[. 713]
ecml(-1) -. 031017 . 013673 -2.2685[.030]
ecnm2(-1) -. 055586 . 041436 -1.3415[.190]
D1 -.0021831 . 0036397 -.59980[ . 553]
DCU 1.0464 . 046206 22.6471[.000]
DCU( - 1) -.60237 . 13894 -4.3356[.000]

R R S S R S S R S S R O

Table A.2.3.2 ECM Vector 2

ECM for variable INVR estimted by OLS based on cointegrating VAR(2)

IR R R RS S S S S S S SRS EEEEE R R RS EEEEEREEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE]
Dependent variable is dI NVR

45 observations used for estimation from 1948 to 1992

R R IR S o O

Regr essor Coefficient St andard Error T- Rati o[ Prob]
I ntercept . 065128 . 33298 . 19559][ . 846]
dLNPCGDP1 -.38481 . 29199 -1.3179[.197]
dl NVR1 . 32441 . 12832 2.5282[.017]
dPDEGRPOP1 -105.9113 300. 1885 -.35282[.727]
dWENROL 1 . 12894 . 35335 . 36490[ . 718]
dLNI NST1 . 0017173 . 0011412 1.5048[ . 143]
dCOSTCAP1 . 0010963 . 3727E-3 2.9415[ . 006]
dGOVCGDP1 -.49066 . 45844 -1.0703[ . 293]
dl G121 -.017218 . 041911 -.41082[.684]
ecml(-1) -.010370 . 034445 -.30106[. 765]
ecn2(-1) -.41470 . 10439 -3.9727[.000]
D1 . 0080771 . 0091691 . 88090[ . 385]
DCU . 27402 . 11640 2.3540[ . 025]

DCU( - 1) . 60452 . 35002 1.7271[ . 094]

R IR IR S S R I R R I




