MPRA

Munich Personal RePEc Archive

Re-evaluating Okun’s law in South
Africa: A nonlinear co-integration
approach

Phiri, Andrew

School of Economics, Faculty of Economics and Management
Sciences, North West University, South Africa

18 July 2014

Online at https://mpra.ub.uni-muenchen.de/57398/
MPRA Paper No. 57398, posted 18 Jul 2014 08:55 UTC



RE-EVALUATING OKUN’S LAW IN SOUTH AFRICA: A NONLINEAR
COINTEGRATION APPROACH

A. Phiri
School of Economics, Faculty of Economic and Management Sciences,

North West University, South Africa

ABSTRACT: This study undertakes an examination of asymmetric co-integration adjustment
in Okun’s law for South Africa between the periods of 2000-2013. This objective is tackled
through the use of momentum threshold autoregressive (MTAR) econometric framework.
Contrary to conventional theory, the results show that unemployment granger causes
economic growth in the long-run, a result which may account for the job-less growth
experienced by South Africa over the last decade or so. The obtained results have important
implications for policy conduct in South Africa. Firstly, they prove that increases of
economic growth in the long run may not cause a decrease in the unemployment rate yet a
decrease in the unemployment rate will lead to increases in output growth. Secondly, these
results further highlight the importance of labour market policies in improving economic
growth in South Africa as opposed to policy authorities depending on higher economic

growth to be driving force behind reducing unemployment rates.
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1 INTRODUCTION

High economic growth in conjunction with low unemployment under a low inflation
environment can be deemed as the ultimate objective of macroeconomic policy in South
Africa. Over the last decade or so, two prominent macroeconomic policy frameworks have
embodied these objectives, those being, monetary policy’s ‘inflation-targeting’ regime and
fiscal policy’s Accelerated and Shared Growth Initiative of South Africa (ASGISA).
Implemented in February 2002 and still in use to date, the inflation-target policy rule
specifies that the South African Reserve Bank (SARB) should contain inflation at levels of
between 3 and 6 percent, whereas the ASGISA initiative seeks to halve unemployment and
attain a 6% economic growth rate by the year 2014. The assumed compatibility of the
aforementioned policy objectives is inevitable demonstrated as monetary policy in South
Africa is designated towards manipulating nominal variables like interest rates and inflation
as a means of influencing real variables such as output growth and employment. Ultimately,
the success of disinflation policy is reflected in its effect on unemployment and output
growth. However, up-to-date South Africa has not only to managed to achieve arguably the
highest economic growth rates in Africa since 1994, but the economy simultaneously boasts
one of the highest youth unemployment rates in the world. So even though the South African
Reserve Bank (SARB) can be credited for containing inflation within its set target which has
been accompanied with steadily improved economic growth, such acquired growth has been
characterized by what is popularly referred to as a ‘jobless growth’ syndrome (Hodge, 2009).
A mystery is warranted since the ‘jobless growth’ phenomenon contradicts the epic rise of
unemployment caused by the sharp decline of real output experienced worldwide during the
great depression. Therefore, a classical challenge for academics and policymakers alike is to
provide an adequate account of unemployment-growth correlations in the South African

economy.

The question regarding the linkage between economic growth and unemployment
gained prominence after Okun (1962) depicted the extent to which the unemployment rate is
negatively correlated with output growth. By analyzing data over the period of 1947 to 1960,
Okun (1962) documented that unemployment in the United States tends to fall by a one
percentage point for every 3 percentage point rise in output growth. Thereafter, the United

States was dubbed as having an estimated “Okun coefficient” of 3 and a plethora of



subsequent authors sought to estimate Okun’s coefficient by either adopting a single-country
approach (see Caraiani, 2010; Ahmed et al, 2011), panel-data approach (see Dixon and
Shepard, 2002, 1997; Lal et al, 2010) or a multi-regional approach (see Freeman, 2000;
Adanu, 2002; Villaverde and Maza, 2009). The appeal of Okun’s relationship is attributed to
its simplicity and its extensive empirical support qualifies it to belong at the core of modern
macroeconomics (Jardin and Gaetan, 2011). As noted by Silvapulle et al (2004), estimating
the Okun coefficient has important implications for the business cycle since it relates the
level of activity in the labour market to the level of activity in the product market. Whilst
Okun’s law implies that more labour is typically required for increased productivity levels,
Okun’s coefficient serves as an indication of the cost of unemployment in terms of output
growth (Noor et al, 2007). And in consolidation with the Phillips curve; Okun’s relationship
assists macroeconomic policy in determining the optimal or desirable growth rate as a
prescription for reducing unemployment (Moosa, 1997). Overall, Okun’s law is
recommended as “a rule of thumb” which provides policymakers with an understanding of
how different markets adjust, and thus allowing for correct policies to be selected when

facing shocks (Pereira et al, 2009).

In reality, Okun’s law is more of a statistical relationship rather than a structural
feature of the macroeconomy (Knotek, 2007). The development of a pure theoretical
foundation for Okun’s relationship has been largely neglected in the academic literature, such
that empirically, no functional form has been dominantly preferred to any other on the basis
of theory (Weber and West, 1995). As a consequence, the empirical examination of Okun’s
law is typically subject to revisions with the co-movement between output growth and
unemployment frequently being analyzed under different settings. So while there is no
contention on the importance of Okun’s law, debates have evolved on the econometric
techniques used to establish this relationship; how the cyclical components are extracted; and
whether a dynamic or static specification is adopted (Turturean, 2007). Recently, the
possibility of asymmetric behaviour between economic growth and the unemployment rate
has added a new dimension in the development of the academic literature. Take for instance
Jardin and Gaetan (2011) who consider asymmetries in Okun’s relationship as being
important because asymmetric behaviour can adequately account for the varying
effectiveness of structural and stabilization policies. Other commentators, such as

Geldenhuys and Marnikov (2007), consider the impact of asymmetric behaviour on policy



forecasting practices. In particular, these authors argue that if Okun’s relationship is indeed
found to be asymmetric, forecasts based on linear estimates of Okun’s coefficient can lead to
biased error terms. And yet another cluster of authors can also be identified, who advocate on
the necessity of incorporating asymmetries in Okun’s relationship as a means of reinforcing
asymmetric behaviour in the Phillips curve. The rationale behind this line of thought is that if
Okun’s coefficient changes between regimes, then the sacrifice ratios should also change
between regimes. In other words, different degrees of gradualism in the disinflation process
may imply different impacts on unemployment for the same reduction in inflation (Beccarini

and Gros, 2008).

Our study contributes to the literature by addressing the economic significance of
asymmetric behaviour in Okun’s relationship for South African data. To this end, our study
makes use of the momentum threshold (MTAR) autoregressive framework of Enders and
Granger (1998). The logic behind the choice of our adopted approach can be described as
follows. Engle and Granger (1987) argue that evidence of unit roots between a pair of time
series variables necessitates the use of cointegration analysis prior to the estimation of any
regression formed by the variables. According to the authors, the presence of cointegration
would then imply that the variables follow a common long-run trend and the OLS estimation
of the time series will not yield spurious results. This is an important implication for our case
study since previous empirical works have cautioned of unit root I(1) behaviour in output
growth and unemployment variables for South African data (see Hodge, 2006; and Phillip
and Burger, 2006; Gupta and Uliwingiye, 2010). And yet it should also be noted that these
conclusions are based on studies which assume a linear data generating process (DGP)
among the series. Of recent, it has become widely accepted that standard unit root tests, suffer
from low power when a linear approximation of an otherwise nonlinear time series is used to
evaluate the integration properties of a time series (Enders and Granger, 1998). A similar
contention has risen for cointegration analysis, in which researchers like Enders and
Dibooglu (2001) prove that the implicit assumption of symmetric adjustment is problematic if
the adjustment towards long-run equilibrium is not linear. In particular, the authors argue that
the presence of nonlinearities between a pair of time series signifies a high probability of
nonlinear adjustment processes towards the long-run equilibrium for the data. With this in
mind, our paper probes into the possibility of asymmetric behaviour between the

unemployment rate and output growth using the MTAR model. We choose this model



because it represents a simple yet flexible framework that can simultaneously facilitate for (1)
nonlinear unit root tests, (2) nonlinear cointegration analysis; and (3) nonlinear causality

analysis.

In a nutshell, our study interweaves the issue of asymmetries in Okun’s law for the
case of South Africa from three interrelated perspectives. Firstly, the paper examines
asymmetries in the stochastic processes for the individual time series variables of output
growth and the unemployment rate. Secondly, the paper examines asymmetric effects in the
cointegration relationship between output growth and unemployment. Lastly, we examine
granger causal effects between the observed time series variables. A point of departure in our
study is that aforementioned objectives are developed and tackled under an interrelated
econometric framework. Therefore, against this backdrop, we present the remainder of the
paper as follows. The following section gives a survey of the related literature. The third
section of the paper presents the empirical framework of the study whereas section four
presents the empirical results of the study. The paper is concluded in section five by

providing policy recommendations and suggesting avenues for future research.

2 A SURVEY OF THE RELATED LITERATURE

The notion of asymmetries existing within economic time series can be traced back to
Keynes (1936), who discovered that the variation in unemployment and output would differ,
depending on whether the economy was in an expansion or a recession phase of the business
cycle. Courtney (1991) and Palley (1993) took the initiative of formally exploring the
asymmetric behaviour in Okun’s law on the basis of labour market dynamics. Using an
aggregate production approach, Courtney (1991) discovered that by ignoring asymmetries in
Okun’s relationship, the OLS regression estimates of the unemployment rate at different
phases of the business cycle would produce erroneous results. However, it was Palley (1993)
who was firsts to formally establish the theoretical foundations governing the asymmetric
relationship between unemployment and output growth. Specifically, Palley (1993)
discovered that the distribution of female labour supply is less affected during the recession
phase of the business cycle as opposed to expansionary periods. By implication Palley’s
model highlights the need for policymakers to distinguish between gender imbalances when

formulating labour policies. Campbell and Fischer (2000) and Kosfeld and Dreger (2004)



develop similar theoretical models which attribute asymmetries in Okun’s law to labour
market dynamics. However, in Campbell and Fischer’s model, asymmetric behaviour in
Okun’s relationship is based on micro-foundational adjustment costs incurred by
heterogeneous firms; which aggravate asymmetric adjustments in cycles of job creation and
job destruction. Similarly, Kosfeld and Dreger (2004) insinuate that due to capacity reserves
of firms, output growth needs to exceed a certain threshold level in order to create jobs in the
labour market. Thus the threshold level represents the minimum growth rate which is
sufficient for inducing a decrease in unemployment. And even beyond the traditional
assumption of asymmetric behaviour being attributed to labour market dynamics, there has
also emerged a more recent branch of literature whose theoretical ground for establishing
asymmetric co-movements in Okun’s relationship is based on the dynamics governing
industrial structures. A popular model under this branch of literature is that of Fernandez and
Simes (2006) who establish asymmetries in Okun’s relationship based on the characteristics
of highly regulated industries. Under this model, the exit costs of firms are inferior compared
to their entrance costs thus inducing asymmetric behaviour between labour capacity and
industrial productivity. Extending along this line of theoretical reasoning, Lang and de Peretti
(2009) build a hysteresis version of Okun’s relationship, based on discontinuous adjustments
of heterogeneous firms caused by business growth fluctuations. These authors deduced that
hysteresis in Okun’s relationship offsets an asymmetric equilibrium adjustment between

unemployment and production output over time.

Regardless of the overall diversity in establishing theoretical micro-foundations for
asymmetric behaviour in Okun’s law, it is the choice of econometric modelling which is
paramount to qualifying and quantifying the asymmetric dynamic properties of
unemployment and output growth. Typically, empirical economists attempt to model
fluctuations of unemployment in correspondence to movements in output growth during
various phases of the business cycle. Take for instance Crespo-Cauresma (2003), who is able
to fit a TAR model to cyclical output and cyclical unemployment data for the US and
discovers that Okun’s coefficient is higher during periods of recessions than during
expansions. Caraiani (2010) as well as Beccarini and Gros (2008) apply Markov-switching
(MS) models to Euro and Romanian data, respectively, and draw similar conclusions to those
obtained by Crespo-Cauresma (2003). Likewise, Kavkler et. al. (2008) investigate the

relationship between GDP growth and the unemployment rate for German data, however,



using a smooth transition regression (STR) model. The authors establish that regime
switching behaviour is facilitated by the unemployment rate; of which Okun’s law only holds
at relatively high levels of labour market deficiency. In proposing a different empirical
approach, Lee (2000) augments Okun’s relationship by allowing for different effects between
negative and non-negative values in the unemployment data. The author finds that for leading
industrialized economies, Okun’s coefficient is significantly higher during decreases in the
unemployment rate as opposed to periods of increasing unemployment. Lee (2000) also notes
that the extent of asymmetries varies remarkably across time periods as well as amongst
various classifications of economies. Therefore, the study indirectly highlights the
effectiveness of single country analysis over panel data approaches. In an exclusive case
study for South African data, Geldenhys and Marnikov (2007) adopt the estimation technique
proposed by Lee (2000) and find that Okun’s law is only significant during recessions with a
1% increase in the output gap being associated with a 0.18% decrease in cyclical
unemployment. Similarly, for EU state economies, Mayes and Viren (2002) observe that
rapid downturns in these economies appear to have more than a proportionate downward
effect on the unemployment rate. Other authors such as Harris and Silverstone (2001); Viren
(2001), Silvapulle et. al. (2004) and Arabaci and Arabaci (2010) have modified the approach
initially proposed by Lee (2000) and split the error correction terms in Okun’s relation into
positive and negative values hence enabling for the construction of regime dependent error
correction equilibrium paths. In doing so, the aforementioned authors are able to demonstrate
that in a nonlinear environment, the speed and magnitude of equilibrium adjustments paths

are dependent on whether the economy is in an upturn or downturn of the business cycle.

Notwithstanding the positive developments made in modelling asymmetric behaviour
in Okun’s relationship, a litigious issue within the literature concerns the modelling of
causality effects between output growth and unemployment. As eloquently argued by
Turturean (2009), the two-way relationship commonly established between output growth
and unemployment are two distinct models which do not suggest a reciprocal and unique two
way relationship between output growth and unemployment. While the overall sign of the
relation has been generally established to be negative, the existence of a causal relation has
been highly ignored by researchers and thus remains ambiguous. Consequentially, there
exists a misapprehension in interpreting the coefficients estimated within direct and reverse

regressions of unemployment on output growth (Barreto and Howland, 1993). For instance,
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the implication of causality running from unemployment to economic growth is that policies
aimed at expanding output productivity may not necessary result in the lowering of
unemployment levels. This would stand as a reasonable explanation for the ‘jobless growth’
syndrome as experienced in South Africa. Likewise, non-causality established between the
variables would similarly serve as an adequate explanation the jobless growth phenomenon
experienced in South Africa. Conversely, causality from economic growth to unemployment
signifies that a decrease in unemployment levels is a direct result of expansionary policies.
Finally, bi-directional causality encourages the risk-averse policymaker to be more
experimental in implementing a diversity of both labour market and output productivity
policies. Based on the aforementioned, it is clear that the establishment of causal effects
between unemployment and output growth has strong bearing on policy conduct. It is, thus,
perplexing that very little attention has been direct towards discriminating between the
various forms of causal effects among unemployment and output growth despite the ever-
expanding methodological advancements made in causality analysis within the time series

literature.
MODELING ASYMMETRIES IN OKUNS LAW

Our paper uses two classes of Okun’s law specifications; namely, the first differences
model and the gap model. To ensure that we obtain a balanced, robust view on the estimation
results, we specify the Okun’s specifications on both the direct and the reverse regressions of
unemployment on output growth. For instance, in specifying the “first differences” version of
Okun’s law, the link between the unemployment rate (ur) and economic growth (gdp) is

represented as:

(e < (5 ) (o) (3)

Where A is the first difference operator such that Agdp,; = gdp; - gdp,.; and Aur, = ur,-
ur.;. On the other hand, the ‘gap model’ measures these variables in terms of their deviations

from long-run trends and is specified as:
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Where urf = ur, — ury and gdp; = gdp, — gdp; are representative of the cyclical
components of the unemployment rate and real output, respectively; with gdp; denoting a
measure of potential output gap and ur; the unemployment gap variable. Having specified
our baseline theoretical models, we can proceed to introduce cointegration analysis amongst
the variables. We, therefore, take heed of Enders and Granger (1998) and model asymmetric
adjustment between the unemployment and real output growth variables by allowing the
residual deviations (i.e. &;) from the long-run equilibrium of regressions (1) and (2) to behave

as a TAR process. Formally, these residuals are modelled as follows:
Aé:tl' = Itpl ft_l + (1 - It)pZ ft_]_ + 2?:1 Bl Aé:t_l' + gt (3)

In our paper, we identify four types of cointegration relations which govern the
asymmetric dynamics within Okun’s law, namely; TAR with a zero threshold; consistent
TAR with a nonzero threshold; MTAR with a zero threshold; and consistent MTAR with a
nonzero threshold. In the TAR model with a zero threshold, the indicator function, I, is set

according to:

1,ifé . =0

[, =4 . *t1 “4)
0,if,_, <0
Under the TAR model with a nonzero threshold, we set I, as:
1Lifé . =21

I, =4 .1 (5)
0,if§,_; <t

Where 7 is the value of the threshold variable. Enders and Granger (1998) suggest the
use of a grid search procedure, as demonstrated in Hansen (1997), to derive a consistent
estimate of the threshold i.e. the threshold estimate yielding the lowest RSS is considered the
true threshold estimate. The TAR models are designed to capture potential asymmetric deep

movements in the residuals if, for example, positive deviations are more prolonged than



negative deviations (Enders and Dibooglu, 2001). Enders and Granger (1998) and Caner and
Hansen (2001) suggest that by permitting the Heaviside indicator function, I, to rely on the
first differences of the residuals, A1, a MTAR version of equation (11) can be developed.
The implication of the MTAR model is that correction mechanism dynamic since by using
A&:4, it is possible to access if the momentum of the series is larger in a given direction
relative to the direction in the alternative direction. In other words, the MTAR model can
effectively capture large and smooth changes in a series whereas the TAR model shows the
“depth” of the swings in equilibrium relationship. In modelling MTAR threshold

cointegration with a zero threshold, the indicator function M, is set as:

C(LifAE 20
¢ = {0, if A6 <0 ©)

While in the MTAR model with a nonzero threshold, M;, is set as:

(L ifAg,_ =1
M, = {0, if Ag{_l <1 0

For both TAR and MTAR specifications, Enders and Silkos (1998) demonstrate that a
sufficient condition for stationary of &; is that p;, p2 < 0. If & is found to be stationary, the
least squares estimates of p; and p, have an asymptotic multivariate normal distribution for
any given value of a consistently estimated threshold. Moreover, the null hypothesis of no
cointegration (i.e. Ho;: p; = p2=0) can be formally tested using a standard F-statistic for both
TAR and MTAR models. If the null hypothesis of no cointegration is rejected, it is possible
to test for the null hypothesis of symmetric adjustment (i.e. Hpy: p; = p2) against the
alternative of asymmetric adjustment (i.e. Hjz: p; # p2) using a similar F-test. The empirical
F-distribution for the null hypothesis; p; = p,= 0 is tabulated in Dibooglu and Enders (2001)
whereas Enders and Siklos (2001) report critical values for testing the null hypothesis of p; #
p2. If both null hypotheses of no cointegration and no asymmetric cointegration can be
simultaneously rejected, the granger representation theorem is satisfied and thus an associated
error correction model can be estimated for the pair of time series variables. Thus in
validating the presence of threshold cointegration, the error correction model can be modified

to take into account asymmetries as in Blake and Fombly (1997). In our study we augment



each of our threshold cointegration regressions with thresholds error correction

specifications. In particular, the TAR-TEC model can be expressed as:

(Agdpt

P P
A'U,Tt ) = Alll-t 5t—1 + 3.12(1 - I-t )ft_l + Z aliAgdpt_i + Z BliAurt—i (8)
i=1 i=1

Whereas the MTAR-TEC model is specified as:

(Agdpt

p P
Au‘r‘t ) = Ale-t ft_l + /122 (1 — M't )é:t—l + Z azl-Agdpt_i + Z ﬂZiAurt—i (9)
i=1 i=1

Where the indicator functions for the TAR and MTAR model specifications are
represented by L. and M., respectively. Through the above described systems of error
correction models, two types of joint hypotheses can be tested. Firstly, the presence of
asymmetries between the variables could initially be examined by examining the signs on the
coefficients of the error correction terms. This involves testing the null hypothesis of Hys:
A&t = Ain&.1 against the alternative Hjs: 4i1&.1 # 4i2&e.1. The second type of hypothesis tested
is that of granger causality effects which relatively examines whether all Agdp.x and Aury
are statistically different from zero. In particular, the null hypothesis that ur, does not lead to
gdp; can be denoted as: Hos: ai= 0, 1=1, ...., k; whereas the null hypothesis that gdp, does not
lead to ury is: Hos: Bi= 0, i=1, ..., k. All aforementioned hypotheses are based on a standard F-
test. Furthermore, three types of joint hypotheses can be formed from the TEC model. Firstly,
granger causality tests can be implemented by testing whether all Agdp.x and Aur.y are

statistically different from zero based on a standard F-test and if the A coefficients of the error

correction are also significant.
EMPIRICAL ANALYSIS
4.1 EMPIRICAL DATA

The data used in the empirical analysis consists of the annual percentage change in the

real gross domestic product which is gathered from the South African Reserve Bank (SARB)



online database whereas the unemployment rate for all persons aged above 15 years of age is
collected from various issues of the quarterly labour force surveys (QLFS) as complied by
Statistics South Africa (STATSSA). Our empirical analysis uses quarterly adjusted data
obtained for the periods extending from 2000 to 2014. The choice of our sample period and
periodicity reflects the limitations in the availability of the time-series data on unemployment
and economic growth for South Africa. Although it would be desirable to employ a longer
span of data, the available data provides the advantage of avoiding the issue of potential
structural breaks related to South Africa’s political and structural reforms such as those
experienced in 1994. Moreover, we take note that while our data is relatively short, it is,
however, up-to-date and further eliminates them problem of data unreliability associate with
the South African unemployment series before 2000. Further given that gross domestic
product is available on a quarterly basis and the unemployment rate is limited to half-yearly
data, we use cubic spline interpolation to convert the half-yearly unemployment data into

quarterly data over the same time period.

As a part of our data construction, we introduce the de-trending methods used to
extract the ‘potential output’ and ‘unemployment gap’ variables necessary to estimate the gap
version of Okun’s specification. The construction of these ‘gap variables’ is necessary since
there exists no observable data on the trend components of the unemployment and output
growth variables. Also taking into consideration that a majority of these de-trending
techniques are not without scepticism, it is standard practice to apply a variety/different de-
trending techniques to ensure robustness in the regressions analysis. Therefore in following
along this course of reasoning, our study considers three alternative de-trending techniques,
namely the Hodrick-Prescott (HP) filter; the Baxter-King (BK) filter and the Butterworth
(BW) digital filter as respectively introduced by Hodrick and Prescott (1997), Baxter and
King (1999); and Pollock (2000). The purpose of using these three de-trending techniques is
to enable a robust analysis concerning the sensitivity of the estimated Okun’s coefficient to

the different choices of our gap variable estimates.

4.2 UNIT ROOT TESTS

In testing for unit roots, we begin on the simple premise of subjecting a univariate

time series, Yy, to the following generalized autoregression:



Ve = QPYe—1 T+ &, g~N (0, 0'52) (10)

Heuristically, one can test the null hypothesis of a unit root as Hy: @ = 1 against the
alternative hypothesis of an otherwise stationary series. However, as previously discussed,
there exists a problem of low power associated with traditional unit root tests when the
underlying data generating process of time series is proven to be asymmetric. Therefore, in
order to accommodate asymmetric behaviour in the unit root testing procedure, we re-
formulate regression (10) in terms of first differences. This enables us to follow in pursuit of
Enders and Granger (1998) and specify the unit root testing regressions for the TAR model

with a zero threshold and a consistent threshold estimate, respectively, as:

Ay, = &(g,-1 <0) + & (g1 =0) + v, (11)
Ay, = (g1 < 1) + &(81 2 7T) + v, (12)

Whereas the MTAR version of the unit root test regression with a zero threshold and a

consistent threshold estimate threshold are, respectively, specified as:

Ay, = & (Ae,_1 < 0) + &(4eg;1 =0) + v, (13)
Ay, = (dgi_1 < 1)+ &(le_1 = 1) + v, (14)

Thereafter, two hypotheses can be formed from regressions (11) - (14). The first
hypothesis tests for asymmetries within the time series. To this end, we test the null
hypothesis of no asymmetric effects as Hopo: p; = p2 against the alternative hypothesis of an
asymmetric data generating process (i.e. Hoi: p1 # p2). Subsequent to testing for asymmetric
effects, we then proceed to test for unit root behaviour within the time series. Pragmatically,
the null hypothesis of a unit root is tested as Hio: p1 = p2 = 0 against the alternative hypothesis
of an otherwise stationary asymmetric process (i.e. Hij: p1 # p2 # 0). The aforementioned
tests of asymmetry and unit root behaviour are performed on time series variables of
economic growth and the unemployment rate. The lag length of the threshold models which
facilitate these tests are determined by the AIC information criterion. The empirical results of

these tests are reported in Table 1.



Table 1: Nonlinear unit root tests

variable model lag Asymmetry test Unit root test decision
(i.e.p1=p2) (i.e. p1=p2=0)
TAR 2 0.94 12.63%%:* Linear I(0)
(3.32)* (16.46)*** Nonlinear I(0)
c-TAR 2 3.94* 15.59% % Nonlinear I(0)
(7.87)* (21.28)%*** Nonlinear I(0)
gdp
MTAR 2 0.95 12,13k Linear 1(0)
(9.46)** (22.89) % Nonlinear I(0)
c-MTAR 2 4.90* 16.03 %% Nonlinear I(0)
(6.67)* (19.96)*** Nonlinear I(0)
TAR 0 245 2.86* Linear 1(0)
(4.96)* (7.22)** Nonlinear I(0)
c-TAR 0 2.37 2.81%* Linear 1(0)
(5.21)* (7.40)** Nonlinear I(0)
ur
MTAR 0 2.59 2.94%* Linear 1(0)
(3.44)* (6.17)** Nonlinear I(0)
c-MTAR 0 2.70 3.00%* Linear 1(0)
(3.37)* (6.12)** Nonlinear 1(0)

Significance level codes: “***” “*** and ‘*’ denote the 1%, 5% and 10% significance levels respectively. Tests statistics for the first

differences of the variables i.e. Agdpt and Aur: are given in parenthesis.

As is evident from Table 1, the empirical test results obtained for the time series in
their levels are quite mixed. For instance, in scanning through the model tests conducted on
the unemployment variable, we find that we cannot reject the null hypothesis of a symmetric
process and yet we are able to reject the null hypothesis of a unit root process for same time
series. Thus for the unemployment variable in its levels, we conclude a linear, stationary data
generating process for the series. However, for the output growth variable in its levels, we
conversely find that the c-TAR and c-MTAR versions of the employed tests simultaneously
reject both null hypotheses of symmetry and unit root behaviour. This particular result
implies a nonlinear, nonstationary data generating process for the output growth variable in
its levels. And yet, in turning to the empirical results obtained for the time series in their first
differences, our analysis reveals a common finding of a nonlinear yet stationary process for
all variables under all model specifications. All in all, we can conclude that all utilized time
series appear to be both nonlinear yet stationary processes in their first differences. Therefore,
the results obtained from our preliminary unit root analysis paves the way for the threshold

cointegration analysis which we conduct next.

4.3 COINTEGRATION ANALYSIS



Having investigated the integration properties of the unemployment and economic
growth variables, we proceed to investigate threshold cointegration and error correction
effects amongst the times series. However, prior to estimating any threshold models, we must
first test a number of hypotheses to select which models best capture asymmetric behaviour
in Okun’s specification. To this end, we employ three threshold tests which have been
previously discussed previously discussed. To recall, (1) we test for cointegration effects; (2)
we test for threshold cointegration effects and (3) we test for threshold error correction
effects. The results of these tests are reported in Table 2. In referring to these results, we find
that at least one type of threshold model manages to reject all three hypotheses at least a 10
percent significance level for all variations of Okun’s law. This is quite an encouraging result
since it implies that the data displays at least one form of nonlinearity for each version of
Okun’s specification. Another interesting result is that the MTAR specification is most
suitable for modelling nonlinear behaviour between unemployment and economic growth for
South African data. The only exception holds for the CF filter estimates which favour a TAR
model specification. Furthermore, all estimated versions of Okun’s law unveil significant
asymmetric cointegration behaviour only when output growth is placed as the dependent

variable in the regression.



TABLE 2: THRESHOLD COINTEGRATION AND ERROR CORRECTION TESTS

Model Dependent Independent TAR-TEC MTAR-TEC
variable variable
Hél) Héz) Hés) Hél) Héz) Hés)
Agdp, Aur, 25.36 4.10 0.47 32.71 9.16 2.47
First differences (0.00)*** (0.05)* (0.50) (0.00)*** (0.01)** (0.13)*
Aur, Agdp, 41.82 0.68 0.01 50.82 1.66 0.01
(0.00)*** 0.42) 0.91) (0.00)*** (0.21) (0.95)
gdp¢ urf 6.84 1.07 0.66 6.15 0.16 0.25
HP filter (0.01)** (0.31) (0.43) (0.01)** (0.69) (0.62)
urf gdps 436 0.22 2.78 4.46 1.19 0.49
(0.02)* 0.64) (0.11)* (0.02)* (0.28) 0.49)
gdps urf 28.51 3.56 2.94 33.43 6.70 1.59
BK filter (0.00)*** (0.07)* (0.11)* (0.00)*+* (0.02)* (0.23)
urf gdp; 27.28 0.01 0.23 32.79 0.09 1.10
(0.00)*#* 0.91) 0.64) (0.00)*** (0.76) 0.32)
gap¢ urf 26.51 4.34 0.65 34.03 9.29 351
BW filter (0.00)*** (0.05)* (0.43) (0.00)*** (0.01)** (0.08)*
urf gdp¢ 54.27 1.06 0.01 55.93 0.96 0.66
(0.00)*** 0.31) (0.94) (0.00)*#* (0.34) (0.43)
c-TAR-TEC ¢-MTAR-TEC
Hél) Héz) HéS) Hél) Héz) H§3)
Agdp, Aur, 29.08 6.84 0.79 32.75 9.19 2.78
First differences (0.00)** (0.02)* (0.39) (0.00)*#* (0.01)** (0.11)*
Aur, Agdp, 42.23 0.86 0.96 67.86 8.18 1.85
(0.00)*#* (0.36) 0.34) (0.00)*** (0.01)** 0.19)
gap¢ urf 6.84 1.06 0.01 10.04 5.27 375
HP filter (0.01)** 0.31) (0.98) (0.00)*** (0.03)* (0.07)*
urf gdp; 5.20 1.47 3.64 6.85 4.81 5.26
(0.01)* 0.24) (0.07)* 0.01)* (0.04)* (0.03)**
gdp¢ urf 28.74 3.71 1.08 3391 7.01 1.82
BK filter (0.00)*** (0.07)* (0.32) (0.00)*#* (0.01)* (0.20)
urf gdps 27.71 0.27 0.23 32.79 0.09 1.10
(0.00)*** 0.61) 0.64) (0.00)*** (0.76) (0.32)
gdp¢ urf 32.08 8.35 1.27 33.28 8.77 222
BW filter (0.00)*#* (0.01)** 0.28) (0.00)*** (0.01)** 0.15)
urf gdpf 56.83 1.99 0.24 60.65 2.58 0.44
(0.00)*** 0.17) (0.63) (0.00)*+* (0.12) (0.52)

Significance level codes: “***”, “*** and “** denote the 1%, 5% and 10% significance levels respectively.

In summing up the test results reported in Table 2, we can draw two broad
conclusions thus far. Firstly, our analysis infers significant asymmetric behaviour between
unemployment and economic growth for South African data. In this respect, our results
adhere with those obtained in Geldenhuys and Marnikov (2007). However, in slightly
differing from Geldenhuys and Marnikov (2007), we find smooth nonlinear adjustment
behaviour in the data as opposed to an abrupt one. This result is expected since the otherwise
abrupt nonlinearity is most suited for data containing structural break periods. Seeing that our
data does not cover such periods, it therefore becomes reasonable that we detect smooth
nonlinear behaviour among the data. Our second conclusion is that we establish economic
growth as being the driving variable in the asymmetric relationship detected between the time
series. This is worth observing since it serves as a guideline on how to estimate each of the

selected threshold regressions. In our instance, we specify the MTAR models under the



assumption that economic growth is regressed on the unemployment rate. This is ofcourse
with the exception of the CF filter regression in which we model TAR nonlinearity and yet
retain economic growth as the dependent variable in the regression. Our estimation results of
the first difference model specifications are reported below in Table 3 whereas the results

obtained for the gap model versions are reported in Table 4.

Table 3: Threshold Cointegration and Error Correction Estimates For First Difference
Specification/Model

MTAR-TEC ¢-MTAR-TEC
Y X Y X
Agdp Aur Agdp Aur
Bi -0.09 -0.09
(0.00)*#* (0.00)***
p1é,_; -0.72 -0.72
(0.01)** (0.01)**
p2¢_, -1.76 -1.76
(0.00)*** (0.00)***
T 0 0.11
AAgdpt ., -0.39 -1.18 -0.38 -1.26
0.47) 0.31) 0.47) (0.27)
AAgdp;_ . -0.30 -0.50 -0.29 -0.47
(0.36) 0.47) (0.36) (0.50)
AAurt, -0.04 -0.80 -0.04 -0.80
0.64) (0.00)*** (0.66) (0.00)***
AAurZ, -0.09 -0.99 -0.09 -0.99
(0.28) (0.00)*** 0.29) (0.00)***
[rgt_l 0.21 2.39 0.19 2.53
(0.83) 0.27) (0.85) (0.23)
A&, -1.82 -1.05 -1.81 -1.06
(0.00)*** (0.14)* (0.00)*** (0.13)*
R’ 0.80 0.86 0.80 0.85
DW 1.61 242 1.61 2.39
p-value 0.37 0.31 0.35 0.31
LB 0.31 0.55 0.27 0.59
B 3.59 3.82 3.65 3.98

Significance level codes: “***”, “**> and “** denote the 1%, 5% and 10% significance levels respectively. DW and LB respective denote the

Durbin Watson and Ljung-Box test statistics for autocorrelation whereas JB denotes the Jarque-Bera normality test of the residuals.

Starting with the results reported in Table 3 for first differences model, we take note
of a long-run coefficient estimate of -0.09. Technically speaking, the magnitude of this
coefficient estimate as obtained under both first difference models implies that a 1 percent
decrease in the unemployment rate is associated with a -0.09 percent increase in productivity

output. This result is seemingly plausible as it does not violate traditional theory of a negative



unemployment-growth co-relationship as initially postulated by Okun (1962). Furthermore,
the magnitude of this relationship is consistent with some of the Okun coefficient estimates
obtained in previous studies. Among these previous studies are the works of Adanu (2005)
who obtain a similar estimate of -0.09 for Alberta province in Canada; Villaverde and Maza
(2009) who find a -0.08 estimate for a regional group of Spanish data and also Geldenhuys
and Marnikov (2007) who obtain an estimate of -0.11 for South African data.

In moving on to examining the regime switching behaviour among the cointegration
error terms, we firstly note that all threshold estimates are encouragingly close to zero in
value. Moreover, the threshold error term estimates satisfy the convergence condition of error
term stationarity 1.e. p1, p2 < 0 and (1-p;)(1-p2) < 1. In further diagnosing these cointegration
threshold error terms, we observe that negative deviations are eliminated quicker than
positive ones. We can make such inference since the estimate of p; is of a lower absolute
value in comparison to its p, counterpart. Notably, Harris and Silverstone (2001) make
similar inferences in their study for both US and UK data. In addition, our estimates of the
threshold error correction terms also bear a slight resemblance to those obtained in Harris and
Silverstone (2001), in the sense of producing correct negative estimates in the lower regimes
of the estimated models. However in differing from these authors, we are able to obtain
significant values for the estimates of the threshold error correction terms and thus we can
draw meaningful interpretations of the error correction coefficients. In this respect, we not
only discover that the long-run error correction terms for both MTAR-TEC and c-MTAR-
TEC models are almost identical in magnitude, but we more importantly note that the speed
of adjustment in both models is quicker when there is a shock to economic growth as opposed
to a shock to the unemployment rate. Meanwhile, we are only able to identify significant
short-run effects for the lagged coefficients of the economic growth variable when shock has
been induced on the unemployment rates, whilst we are find no short-run effects for shocks to

economic growth variable



Table 4: Threshold Cointegration and Threshold Error Correction Estimates For First De-
trended Specification/Model

HP FILTER BK FILTER BW FILTER
¢-MTAR-TEC ¢c-MTAR-TEC TAR-TEC MTAR-TEC
Y X Y X Y X Y X
Agdp Aur Aur Agdp Agdp Aur Agdp Aur
B -0.2 -0.15 -0.09 -0.10
(0.02)** 0.01) (0.03)* (0.01)**
pé_, -0.13 -0.88 -0.97 -0.73
(0.66) (0.01)** (0.01)** (0.01)**
P26, -0.98 -0.16 -1.68 -1.77
(0.00)*** 0.48) (0.00)*** (0.00)***
T -0.286 -1.747 0 0.254
AAgdpi, 0.32 0.37 0.44 0.48 -0.30 -0.56 -0.32 -1.55
0.27) (0.55) (0.45) 0.11) (0.40) (0.34) (0.55) 0.19)
AAgdp;_ 0.32 -0.26 -1.09 -1.29 -1.22 0.32 -0.30 -0.30
0.61) (0.84) (0.10)* (0.00)*** (0.05)* 0.74) (0.35) (0.66)
AAur,t, 0.08 -1.07 -0.48 0.13 0.06 -1.14 -0.02 -0.78
0.63) (0.00)*%** 0.23) (0.54) (0.73) (0.00)*** (0.82) (0.00)***
AAur, -0.09 -0.39 -0.48 -0.19 0.12 -0.36 -0.10 -0.99
(0.42) 0.14) (0.07)* 0.16) (0.50) 0.22) (0.23) (0.00)***
a & 0.09 -1.63 -0.64 -0.05 -0.09 1.82 0.08 3.03
(0.83) 0.07)* (0.03) 0.73) (0.91) 0.19) (0.94) (.017)
A&, -0.88 -0.53 0.12 0.18 -0.44 -1.54 -1.83 -1.16
0.07)* 0.61) 0.59) (0.12)* (0.57) 0.24) (0.00)*** 0.12)
R’ 0.54 0.57 0.61 0.50 0.46 0.80 0.80 0.85
DW 2.10 1.56 143 1.68 2.42 1.85 1.60 2.63
p-value 0.89 0.23 0.09 0.28 0.39 0.62 0.31 0.13
LB 0.54 0.62 0.25 0.18 0.50 0.58 0.23 0.44
JB 3.56 4.10 3.89 4.86 3.79 426 3.98 4.58

Significance level codes: “***”, “**> and “** denote the 1%, 5% and 10% significance levels respectively. DW and LB respective denote the

Durbin Watson and Ljung-Box test statistics for autocorrelation whereas JB denotes the Jarque-Bera normality test of the residuals.

In diverting our attention to the empirical results of the estimated gap versions of
Okun’s law as reported in Table 5, we generally observe that the regression estimates, more
or less, bear close resemblance to those attained for the first difference models. For instance,
the long-run regression coefficient obtained from the gap version models produce similarly
negative estimates, albeit the magnitude of these estimates vary between 0.09 and 0.98 for the
different de-trending methods employed. In further considering the absolute coefficient
values of the threshold error terms formed by the long-run regressions, we note that the gap
model estimates also bear similarities to those obtained for the first difference models.
Specifically, we observe that the absolute values of p; are significantly higher when the

unemployment rate is the driving variable, whilst the values of p, are higher when the



unemployment rate is the dependent variable in the cointegration system. As previously
explained, this result infers that negative shocks are eliminated quicker when economic
growth is the driving variable, whereas positive shocks are eliminated quicker when the

unemployment rate is the dependent variable.

However, after scrutinizing through the threshold error correction model estimates,
we find the estimates from the gap models to be less encouraging. This especially becomes
apparent when mainly considering the long-run error correction terms, from which we
observe that only two models manage to produce negative and significant estimates i.e. the
HP and BW filter specifications with economic growth placed as the driving variables in both
models. Therefore, we are restricted to interpreting the error correction coefficient estimates
solely for these two model specifications. In drawing inference from these estimates, we
conclude equilibrium reverting behaviour over the business cycle for the HP filter model
when a shock has been induced on either the economic growth or the unemployment
variables. Similarly, for the BW filter estimates, long-run equilibrium reversions occur only
in the event of a shock to economic growth. It is also interesting to find that for both cases of
the first difference models, we obtain significant short-run coefficient estimates of the lagged
unemployment variable when a shock has been induced on the unemployment rate. Thus we
collectively observe a distinct pattern over the business cycle, in which the unemployment
rate is a driving factor of equilibrium conversions over the short-run whilst economic growth

is responsible for equilibrium adjustment over the long-run.

Having established various forms of threshold cointegration within Okun’s law for the
data implies that there must exist some form of causality between the variables in the granger
sense. However, the direction of causality cannot be assumed a prior and thus should be
investigated through a formal analysis. We are permitted to examine causality effects
amongst the variables via a standard F-test. The construction of these tests has been
adequately discussed in the previous section of the paper. Table 7 reports the results of the
causal analysis. The most striking feature of our obtained results is that, in all cases save one,
we are able to reject the null hypothesis of unemployment not causing output growth at
conventional levels of significance. Conversely, we fail to reject the null hypothesis of
economic growth not leading the unemployment rate. We have noted an exceptional case for

the HP filter model with economic growth as the driving variable, in which we detect no



causal effects within the data. In summing up these results, we can safely assume that our
results depict unidirectional causality running from the unemployment rate to economic
growth for the data as a whole. This result is plausible seeing that we have already
established that economic growth is regressed as being the dependent on the unemployment

rate but not vice versa.

Table 5: Granger causality tests

Model Y X Hp: Y—>X Hp;: X—>Y Decision
MTAR-TEC gdp ur 1.11 34.71 ur—gdp

First differences (0.35) (0.00)*** gdp #ur
¢-MTAR-TEC gdp ur 1.19 35.24 ur—gdp

(0.33) (0.00)*** gdp #ur

¢-MTAR-TEC edp ur 0.65 0.36 gdp #ur

HP filter (0.54) (0.70) gdp #ur
¢-MTAR-TEC ur gdp 3.97 1.50 ur—gdp

(0.04)** (0.25) gdp #ur

CF filter c-TAR-TEC gdp ur 0.49 12.61 ur—gdp
(0.62) (0.00)*#* gdp #ur

BW filter c-MTAR-TEC gdp ur 1.27 32.37 ur—gdp
(0.31) (0.00)*** gdp #ur

Significance level codes: “***”, “**> and “** denote the 1%, 5% and 10% significance levels respectively. Definitions of notations: —, <>

and # represent unidirectional causality, bi-directional causality and no causality, respectively.

CONCLUDING REMARKS

The goal of this paper was to examine nonlinear cointegration and causality effects in
Okun’s law for South African data dating between the periods of 2000 and 2013. This
objective was facilitated through the use of MTAR modelling techniques. We favour this
approach on the premise of allowing for unit root testing, cointegration analysis and causality
analysis under a single, comprehensive framework. Moreover, our study differs from
previous South African case studies as we are able to introduce nonlinearity in a strict
cointegration sense. Having applied the MTAR framework to South African unemployment
and economic growth data has produced a number of interesting policy considerations. First

of all, in quantifying the long run correlation coefficient, we find negative Okun coefficients



ranging from -0.09 to -0.20 for all estimated threshold models. Clearly, these observations
have far reaching ramifications as they give rise to the intriguing possibility of a long run
trade-off between unemployment and economic growth. However, the aforementioned
observations are of limited policy value in absence of knowing the causal relations amongst

the variables.

In examining the empirical results obtained from the causal analysis, we discover that
during abrupt shocks to the economy there are no causal effects between the variables. This
essentially means that in the event of sharp or anticipated shocks to the economy there is very
little that policy intervention can do for long-run equilibrium restoration between
unemployment and economic growth. However, during smooth shocks, unemployment
granger causes economic growth thus allowing for direct labour policies to have an impact on
output productivity. We substantiate these smooth shocks as carefully implemented and
monitored policies directives which are aimed at narrowing the existing gap between the
demand and supply within South African labour markets. Inclusive of such shocks are policy
programmes aimed at improving the higher education system through intensifying further
education and training (FET) programmes and the recently proposed ‘target wage subsidy’
programme which is intended to facilitate for the school-to-work transition within the youth
population. We also note that under no circumstance does economic growth granger cause
unemployment thus insinuating that policies aimed directly at improving economic growth
such as foreign exchange policies would exert little or no influence on eradicating
unemployment over the long run. This is particularly worth noting since it has been
previously assumed that the stability of the exchange rate would lead to a direct improvement
of employment growth in import-competitive and export-oriented sectors, especially the
manufacturing sectors. Our study implies that, whilst these macro-policies may create a
sustainable environment for improved economic growth, they are of little use with regards to
directly eradicating unemployment. Therefore, the overall finding of uni-directional causality
from unemployment to economic growth provides an adequate explanation for the ‘job-less’

growth pandemic experienced in South Africa over the last two decades or so.

In recent South African recession periods, unemployment has continued to rise
despite economic growth seemingly returning to its previous long-run trend. Deriving from

our study, there exists two rational explanations to this pandemic. Firstly, negative shocks to



economic growth are eradicated quicker than negative shocks to unemployment. This implies
that in the event of smooth shocks to output productivity, it should be expected that economic
growth should return back to its long-run steady state at a quicker rate than its unemployment
counterpart. Secondly, our general finding of causality running from unemployment to
economic growth highlights the ineffectiveness of macroeconomic policies aimed at reducing
unemployment through improved productivity growth. Specifically, our empirical estimates
suggest that smooth unemployment shocks, in the form of structural labour policies, would
help stabilize the structural and cyclical components of unemployment over both the short
and the long run. Overall, we conclude that labour policies aimed at stabilizing and
eradicating unemployment within the economy may be a panacea towards simultaneously

reducing overall unemployment and boosting economic growth over the long run.
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