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Abstract: Despite the disparity in unemployment rates across gender, race and
provinces, no study has captured the influence ofmilitary spending onunemployment
rates among these groups in South Africa (SA). Thus, this study investigated the effects
of military spending on total, gender, racial and provincial unemployment in SA over
2008Q1 to 2023Q4. The study applied Autoregressive distributed lag model (ARDL),
Dynamic ARDL and Kernel-based Regularized Least Squares (KRLS), to predict the
counterfactual shocks of unemployment rates based on a ±1 % change in military
spending. From theARDL, a rise inmilitary spending reduced total,male, female, black
race, and Gauteng, Eastern Cape, Mpumalanga Kwazulu Natal and Northwest prov-
inces’ unemployment rates, in the short- and long run, but increased it among the
Coloured,White and the Indian/Asian races and theWestern Cape, Northern Cape and
Free State provinces, in the short and long run. The DARDL simulation and the KRLS
showed that a 1 % decrease (increase) in military spending increased (reduced) total,
male, female, Black and North West, Gauteng, Eastern Cape, Mpumalanga, KwaZulu
Natal and Limpopo unemployment rates in the short run before flattening in the long
run. Conversely, a 1 %decrease (increase) inmilitary spending reduced (increased) the
unemployment rates in the Coloured, White and Indian/Asian Races, Western Cape,
Northern Cape and Free State Provinces, in the short runwhile flattening it in the long
run. The effect of military spending in SA are not homogeneous among the Races and

*Corresponding author: Damian Chidozie Uzoma-Nwosu, Economics, University of Ibadan, Ibadan,
Nigeria, E-mail: ddozienwosu@gmail.com. https://orcid.org/0000-0001-8899-9530
Isiaka Akande Raifu, Research Department, Centre for the Study of the Economies of Africa, Abuja,
Nigeria. https://orcid.org/0000-0001-9677-8906
Nantap Rejoice Ditep, Centre for the Study of Economies of Africa, Abuja, Nigeria. https://orcid.org/
0009-0006-5500-0448

Stat Polit Pol 2025; 16(2): 179–221

Open Access. © 2025 the author(s), published by De Gruyter. This work is licensed under the
Creative Commons Attribution 4.0 International License.

https://doi.org/10.1515/spp-2024-0053
mailto:ddozienwosu@gmail.com
https://orcid.org/0000-0001-8899-9530
https://orcid.org/0000-0001-9677-8906
https://orcid.org/0009-0006-5500-0448
https://orcid.org/0009-0006-5500-0448


Provinces. Therefore, government policies aimed at curbing unemployment should
recognise the peculiarities of the races and provinces.

Keywords: military spending; unemployment; ARDL; DARDL and KRLS

JEL Classification: E24; E62; O43

1 Introduction

Historically, military spending in South Africa has been characterised by cyclical
patterns, marked by periods of heavy investment in military capabilities leading to
surges in expenditure, followed by significant declines (Gopaul, Van der Lingen, and
Oosthuizen 2024). This trend is illustrated in Figure 1, which depicts military
spending as a percentage of GDP since the 1950s. As shown in the figure, historical
trends in military spending can be divided into three key periods: the apartheid era,
the late apartheid transition period and the post-apartheid era.

The apartheid era was characterised by a significant surge in military spending,
rising from 0.90 % of GDP in 1959 to 5.3 % in 1977. This increase has been attributed to
both internal and external factors, including uprisings against the apartheid regime,
regional conflicts within the Southern African region, the global Cold War rivalry
between superpowers, as well as international isolation and arms embargoes
imposed on the country. Additionally, South Africa’s efforts to maintain military

Figure 1: Historical trend of military spending (% of GDP) in South Africa.
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superiority within the region further fuelled the rise in military spending (Eita et al.
2022). As the end of apartheid approached, military spending declined by 2 % from
5.3 % in 1977 to 3.3 % in 1980 before the rise to 4.6 % in 1988. After 1988, the military
spending as a percentage of GDP has persistently declined. The transition from
apartheid to democracy in 1994marked the beginning of a steady but further decline
in military spending, as national priorities shifted towards social and economic
development. Post-apartheid economic constraints or needs, reduced external
threats, and growing demands for public expenditure in other sectors led to a
continued reduction in military budgets.1

From the perspective of defence economics, a decline in military spending is
generally viewed as beneficial to economic growth. Theoretically, it has been sub-
mitted that sustained increases in military expenditure can have detrimental effects
on the economy. This occurs because financial resources that could otherwise be
allocated to productive sectors – such as education, healthcare or infrastructure – are
diverted towards strengthening military capabilities, which typically exhibit limited
direct linkages to broader economic development (Benoit 1978; Brzoska 1983; Deger
and Sen 1990). This notwithstanding, some defence economists argued that increased
military spending could be beneficial to the economy and employment. According to
these defence economists (Sandler and Hartley 1995; Smith 2010; Hartley 2011),
increasing the military spending directly creates defence-related jobs among military
personnel and administrative responsibilities within the military departments (Smith
2010; Hartley 2011). Michael and Stelios (2017) submitted military spending lowers
unemployment rates, particularly in countries that have military equipment
manufacturing companies. Dunne and Uye (2010) also argued that an increase in
military spending indirectly stimulates economic growth and employment, particu-
larly through the multiplier effect, because increased demand for military goods and
serviceswouldboost production, resulting inmore employment in related sectors such
as manufacturing, construction and technology. Ruttan (2006) further submitted that
increased military spending might stimulate research and development, with a po-
tential spillover effect on the civilian economy and employment.

The South African government’s persistent reduction in military expenditure,
aimed at reallocating resources towards pressing socioeconomic needs, has not
yielded the expected improvements in key development or macroeconomic in-
dicators. As evidenced by labour market data, the country continues to face struc-
tural unemployment despite these fiscal reallocations. Figure 2 presents
unemployment rate data from 2008 to 2023, a post-apartheid period characterised by
consistently reduction in military expenditure. The data reveals an upward

1 https://www.army-technology.com/features/south-african-military-spending/?cf-view.
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trajectory, with unemployment rising from 23.2 % in Q1 2008 to 32.1 % by Q4 2023.
This aggregate trend obscures evenmore severe disparities when examined through
demographic lenses. Gender disaggregation shows female unemployment (34.4 % in
Q4 2023) substantially exceeding male unemployment (30.1 %). Racial disparities are
particularly pronounced, with unemployment rates varying dramatically across
population groups: 36.1 % among Black South Africans compared to 21.7 % for Col-
oured citizens, 11.7 % for Asian/Indian populations and 8.5 % for White South Afri-
cans. Also, geographic analysis reveals additional disparity in unemployment among
the provinces, with provincial unemployment rates ranging from 20.3 % in the
Western Cape to 41.9 % in the Eastern Cape as of Q4 2023.

In light of this, the purpose of this study is to examine the impact of military
spending on unemployment in South Africa. Precisely, the study assesses the impact
of military spending on unemployment across total, gender, races and provinces in
South Africa is crucial for promoting inclusive and effective labour market policies.
Given the country’s deep-rooted structural inequalities – persisting since apartheid,
as discussed by Banerjee et al. (2008) and Heinecken (2009) – military expenditure
may not have the same employment effects across different demographic groups.
Researchhas shown that unemployment rate varies significantly by gender and races,
with women and historically disadvantaged racial groups facing higher and more
persistent unemployment. Furthermore, disparities in provincial unemployment
levels indicate that military spending could have regionally distinct effects, shaping
economic opportunities differently across provinces (Raifu and Afolabi 2023a). Un-
derstanding these variations is essential for designing policies that ensure equitable
employment benefits, whether through targeted military investments or strategic

Figure 2: Total unemployment in South Africa (2008Q1-2023Q4).
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reductions in military spending. A nuanced analysis can help policymakers allocate
resources more effectively and address labour market disparities (Raifu et al. 2024).

Based on the foregoing analysis, the key research question is: does reduced
(increased) military spending attenuate South Africa’s structural employment
challenges across gender, races and provinces?

The corresponding null hypothesis goes as follows:

Reduced (increased) military spending does not reduce (worsen) unemployment across gender,
races and provinces

While numerous studies have explored the relationship between military expenditure
and unemployment (or employment) across various countries, including South Africa
(see Malizard 2014; Azam et al. 2016; Sanso-Navarro and Vera-Cabello 2015; Qiong and
Junhua 2015; Michael and Stelios 2017; Bagchi and Paul 2018; Anoruo et al. 2018; Kollias
et al 2020; Lee and Park 2021; Raifu et al 2022; Raifu and Afolabi 2023a, 2023b), this study
builds on the work of Raifu and Afolabi (2023a), who analysed the effect of military
spending on aggregate unemployment using ARDL and NARDL estimationmethods. The
present study extends their research in two ways. First, rather than limiting the analysis
to aggregate unemployment, it also examines the effects of military spending on un-
employment across gender, racial, and provincial dimensions. This distinction is crucial,
as previous studies, such as Kollias et al. (2020), have demonstrated that unemployment
effect of military spending in the U.S. varies by gender and age group, while Abell (1992)
investigated racial disparities in military spending’s impact on unemployment among
Black and White populations in the U.S. Additionally, this study incorporates the pro-
vincial dimension of unemployment, recognising that unemployment rates differ across
South African provinces. As a result, the impact of military spending on unemployment
may vary between provinces with high unemployment rates and those with relatively
lower levels of unemployment rates.

Second, the study investigateswhether a reduction (an increase) inmilitary spending
(as shown in Figure 1) benefits (worsens) employment across gender, races, and prov-
inces in South Africa. This analysis involves simulating the effect of a certain percentage
decrease (increase) in military spending on various categories of unemployment. To
achieve this, the study employs the Dynamic Autoregressive Distributed Lag (DARDL)
estimation method developed by Jordan and Philips (2018). This method is used to
simulate the impact of a 1% increase or decrease inmilitary spending on overall, gender,
racial and provincial unemployment levels. By incorporating graphical visualization, the
study effectively traces the dynamic effects of policy changes – such as shifts in military
spending – on unemployment. This approach provides valuable insights for designing
and implementing policies aimed at reducing unemployment disparities in South Africa.
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After the introduction, Section 2 presents the literature review. Section 3 focuses
on the methodology and data sources and Section 4 presents the empirical findings.
Section 5 concludes with policy recommendations.

2 Literature Review

The relationship between military expenditure and unemployment has been
extensively debated in economic research, with varying viewpoints on its effects.
Some assert that military spending enhances employment, while others argue that it
reallocates resources from more productive sectors, therefore worsening
unemployment.

Military Keynesianism based on Keynesian economic theory posits that military
expenditure can serve as an economic stimulus by augmenting aggregate demand,
resulting in higher employment. Government spending in defence sectors creates
employment opportunities and the resultant revenue increases consumer expendi-
ture, further invigorating economic activity. The counter-cyclical function of military
expenditure is especially evident during economic recessions, where augmented
public spending helps alleviate unemployment (Dunne 2011; Cypher 2015).

In contrast, the crowding out theory emphasises possible adverse consequences.
Augmented military spending, typically funded by taxation or debt, may result in
higher interest rates, consequently deterring private sector investment. The allo-
cation of capital to defence-related industries may limit job development in more
labour-intensive sectors. Moreover, higher taxes diminish disposable income,
undermining consumer demand and employment in consumption-oriented sectors
(Ikegami and Wang 2023).

Furthermore, the sectoral shifts hypothesis propounded by Akerlof and Yellen
(1985) states that military industries are capital intensive, depending more on
technology and specialised skills than on extensive labour inputs. Reallocating re-
sources from labour-intensive sectors such asmanufacturing and services to defence
industries may result in employment losses in the former that could counterbalance
job increases in the latter. The degree of employment generation is contingent upon
the economic structure and the allocation of military spending.

The idea of technological spillovers from the modern growth theory introduces
an additional facet to the discourse. Military Research and Development (R&D) have
traditionally facilitated civilian technical progress, exemplified by the internet and
GPS, which have stimulated employment across multiple sectors. If these technolo-
gies improve productivity and generate new industries, military expenditure may
indirectly promote long-term employment development (Yildirim and Öcal 2016).
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Several research efforts have been made to understand the dimension of asso-
ciation between military expenditure and unemployment with real world data;
however, these efforts have provided mixed evidence. Some studies suggest that
military spending intensifies unemployment by reallocating resources away from
economic industries. Qiong and Junhua (2015) discovered that higher military
expenditure in China correlated with increasing unemployment, while increased
non-military spending correspondedwith a decrease in unemployment. Comparable
results have been documented in France (Malizard 2014), the United States (Kollias
et al. 2020), Nigeria (Raifu, Obijole, and Nnadozie 2022), Turkey (Yildirim and Sezgin
2003), and several Asian countries (Azam et al. 2015). Korkmaz's (2015) panel data
analysis of Mediterranean economies corroborated the detrimental employment
impacts of military expenditure, ascribed to the capital-intensive characteristics of
the defence industry.

Conversely, other studies contend that military expenditure can alleviate un-
employment by generating employment in defence-related sectors. Azam et al. (2015)
discovered that military expenditure in India, Nepal, Pakistan, and Sri Lanka
reduced unemployment rates. Hanif et al. (2023) observed a comparable tendency in
Bangladesh, wherein increased defence expenditure markedly diminished unem-
ployment in the short term. Similarly, Raifu et al. (2022) discovered that military
expenditure exerted a short-term adverse impact on unemployment in Nigeria, but
job increases were noted in logistics and defence production.

Analyses unique to countries indicate that the effect of military expenditure on
unemployment is contingent upon economic models and institutional contexts. Paul
(1996) discovered that in 18 OECD countries, the impacts were inconsistent: military
expenditure decreased unemployment in Germany and Australia, while exacer-
bating it in Denmark. Michael and Stelios (2017) identified negative associations in
Portugal and Greece, a positive connection in Spain, and no significant long-term
effect in Italy.

Some studies have addressed the issue of causality between military expendi-
ture and unemployment. Some studies found no causal association (Sanso-Navarro
and Vera-Cabello 2015), while others submitted either unidirectional or bidirectional
causality, contingent upon the country. Zhong et al. (2015) discerned diverse trends
among G7 countries, noting that military expenditure induced unemployment in
Canada, Japan, and the United States, although a bidirectional relationship was seen
in Italy and the United Kingdom. Raifu and Afolabi (2023b) discovered that in the
United States, causality patterns varied according on the estimation method
employed; the Toda-Yamamoto test indicated unidirectional causation, while time-
varying analysis suggested bidirectional causality. Notwithstanding comprehensive
investigation, major deficiencies persist. Most studies concentrate on overall un-
employment without accounting for demographic differentiation.
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This study builds uponKollias et al. (2020) by investigating the varying impacts of
military expenditure on unemployment, differentiated by gender, races and prov-
inces in South Africa, a dimension that has been generally neglected. Furthermore,
although Raifu and Afolabi (2023a) investigated the symmetric and asymmetric ef-
fects of military expenditure on total unemployment in South Africa, no research in
the country has assessed its dynamic influence through simulation models. Utilising
a dynamic ARDL paradigm, our study seeks to address this gap by examining the
impact of fluctuations in military expenditure on long-term employment outcomes,
thereby providing pertinent policy insights.

3 Methodology and Data Sources

The purpose of this study is to answer a simple research question using a combi-
nation of estimation techniques. The research question is: Does a decline or increase
in military spending favour (or disfavour) job creation in South Africa? We examine
this research question by taking into account various categories of unemployment
data, including total, gender, province, and race data. To answer the research
questions, the study begins by using the Autoregressive Distributed Lag (ARDL)
estimation method. This is followed by Dynamic Autoregressive Distributed Lag
(DARDL) and Kernel Recursive Least Squares (KRLS). We use the ARDL as a baseline
estimation to investigate the short- and long-term impacts of military spending on
unemployment, the DARDL to model the impact of a 1 % (of GDP) increase or
decrease in military spending on unemployment and the KRLS, a machine learning
algorithm, to investigate the causal relationship between military spending and
unemployment.

Following Pesaran et al. (2001), the baseline model of ARDL (p, q) is specified as
follows:

yt = α + ∑
p

i=1
φiyt−i + ∑

q

j=0
βjxt−j + εt (1)

Where yt is a dependent variable at time t. xt denotes a set of independent variables
which contains the main independent variables and other control variables. φi is
autoregressive (AR) coefficient for lagged yt, βj is the distributed lag (DL) coefficients
for xt, εt is white noise error term. Following existing studies (Raifu and Afolabi 2023a
Malizard 2014; Azam et al. 2016), we respecify equation (1) as an unemployment
equation where unemployment depends on the lagged unemployment, military
spending, nonmilitary spending and other control variables

UNt = β0 + β1UNt−1 + β2MSt + β3NMSt + β′X + εt (2)
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Where UN represents various types of unemployment. In this study, we consider
total unemployment, gender unemployment, racial unemployment and provincial
unemployment. This is considered to examine how military spending affects
different categories of unemployment in South Africa. This approach could be useful
for policy formulation geared towards addressing the issue of unemployment in the
country. UNt−1 is the lagged unemployment which shows the time persistence of
unemployment. In other words, past unemployment influences present unemploy-
ment – if unemployment was high in the past, it is likely to remain high in the
present.MS denotesmilitary spending expressed as a percentage of GDP. NMS is non-
military spending expressed as a percentage of GDP. X′s are other control variables
that serve as determinants of unemployment; they include GDP growth rate, foreign
direct inflows (% of GDP), and inflation rate. Given this, equation (2) is re-specified as
follows:

UNt = β0 + β1UNt−1 + β2MSt + β3NMSt + β4GDPGt + β5FDIt + β6INF + εt (3)

In equation (3) β0 represents a constantwhich shows the unemployment ratewithout
accounting for the effects of military spending, nonmilitary spending and the control
variables. β1, β2, β3, β4, β5 and β6 are the coefficient parameterswhich show the effects
of lagged unemployment, military spending, nonmilitary spending, GDP growth rate,
foreign direct investment and inflation rate on unemployment in the long run
respectively. εt is an error term assumed to be normally distributed with zero mean
and constant variance. It is a white noise that captures other factors held constant
that could have affected unemployment. Based on the theoretical arguments
mentioned above,military spending could have either a positive or negative effect on
unemployment. Nondefense spending, particularly health, education and infra-
structure spending, is usually considered a productive expenditure that, if properly
channelled, can spur economic growth and thereby reduce unemployment (Badmus
et al. 2024). As a result, we expect nondefense spending to have a negative effect on
unemployment, i.e. reducing unemployment. With regard to the effect of economic
growth on unemployment, Okun’s law postulates that there is an inverse relation-
ship between economic growth and unemployment (Raifu and Afolabi 2023a, 2023b).
This means an increase in economic growth should a priori reduce unemployment;
hence, we expect a negative effect of the economic growth rate on unemployment.
According to the Phillips curve theory, there is also an inverse relationship between
the unemployment rate and the inflation rate (Phillips 1958). Thus, the effect of
inflation on unemployment should be negative. In the case of the relationship be-
tween FDI and unemployment, we expect a negative relationship. This is because FDI
inflows lead to the establishment of firms or companies that employ the citizens of
the host countries, thereby reducing the unemployment rate.
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For the ARDL implementation, we first extracted the long-run coefficients from
equation (1), then specified the complete ARDL model based on equation (3). From
equation (1), the long-run equation is usually obtained by dividing the sum of the
estimated coefficients of the independent variables by the coefficient of lagged
dependent variables. We begin by normalizing the coefficients of the steady state
relationship in equation (1) which yields the following equation.

y = θx + μ (4)

Using equations (1) and (4), the long-run coefficient is derived as follows.

θ = ∑q
j=0 βj

1 −∑p
i=1 φi

(5)

Where θ denotes the long-run multiplier of military spending (and others) on
unemployment.

To specify the full ARDL model, we follow religiously the procedures for
implementing the ARDL method in STATA by Sarkodie and Owusu (2020). According
to Sarkodie and Owusu (2020), the first step in the procedures is to conduct the unit
root test, aimed at determining the stationarity properties of the variables we used in
this study. We used the Phillips-Perron (Phillips and Perron 1988) and the KPSS unit
root tests (Kwiatkowski et al. 1992). While PP assumes that the variables contain a
unit root, KPSS assumes that variables do not. Another important step is to determine
whether the variables combined in amodel are cointegrated, that is, have a long-run
relationship even though they may experience short-term disequilibrium or fluc-
tuations. This study uses the ARDL bounds testing approach to ascertain the coin-
tegration among the variables. We utilise the crucial value established by Kripfganz
and Schneider (2020), which derives its p-value from response surface regression.
The KS critical value has been determined to outperform the methodologies of
Pesaran et al. (2001) and Narayan and Narayan (2005) as well as Narayan (2005) in
making statistical inferences concerning cointegration (Kripfganz and Schneider
2023). According to the prior research by Raifu, Aminu, and Folawewo (2020),
determining cointegration requires the computation of an unconstrained error
correction model, specified as follows from equation (2).

ΔUNt = β0 + β1UNt−1 + β2MSt−1 + β3NMSt−1 + β4GDPGt−1 + β5FDIt−1 + β6INFt−1

+ ∑
p

i=1
α1 Δ UNt−1 + ∑

q1

j=0
α2 ΔMSt−1 + ∑

q2

j=0
α3 Δ NMSt−1 + ∑

q3

j=0
α4 Δ GDPGt−1

+ ∑
q4

j=0
α5 Δ FDIt−1 + ∑

q5

j=0
α6 Δ INFt−1 + εt

(6)

From equation (6), Δ is a difference operator. β0 denotes a constant representing the
drift components of equation (3). βi(i = 1,…,6) denotes the long-run effect multipliers
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which depict the effect of each independent variable on unemployment in the long
run. αi = (1,…,6) represents the short-runmultiplier effect, showing the effect of each
independent variable on unemployment in the short run. Themaximum lag length is
selected using the Akaike Information Criterion (AIC). The selected lag length varies
across themodels, but it ranges from 2 to 4 lag lengths. After the estimation, we tested
the null hypothesis of no long-run relationship in equation (6). The null hypothesis is
specified as follows: θ:β1 = β2 = β3 = β4 = β5 = β6 = 0 and it is tested against the
alternative hypothesis specified as follows: θ:β1 ≠ β2 ≠ β3 ≠ β4 ≠ β5 ≠ β6 ≠ 0. An
F-statistic test based on Kripfganz and Schneider’s (2020) critical value was used to
determine the existence of cointegration.

The short-run error correction model, which captures the adjustment from
short-run disequilibrium to long-run equilibrium, is derived from equation (5) and
specified as follows.

ΔUNt = β0 + ∑
p

i=1
α1 Δ UNt−1 + ∑

q1

j=0
α2 ΔMSt−1 + ∑

q2

j=0
α3 Δ NMSt−1 + ∑

q3

j=0
α4 Δ GDPGt−1

+ ∑
q4

j=0
α5 Δ FDIt−1 + ∑

q5

j=0
α6 Δ INFt−1 + ϑectt−1 + εt

(7)

Where ϑ is the coefficient of the error correction term (ect), showing the speed of
adjustment from the short-term disequilibrium towards the long-term equilibrium.
On a priori, it is expected to be negative, less than one and statistically significant.

In line with recommendations by Sarkodie and Owusu (2020), we conducted
some diagnostic tests to test the reliability of our ARDL model. This is important
before applying the dynamic ARDL. The diagnostic tests include the Breusch-Pagan/
Cook-Weisberg test for heteroskedasticity, White’s test for heteroscedasticity, the
Breusch-Godfrey LM test for autocorrelation, Durbin’s alternative test for autocor-
relation, skewness and kurtosis for normality and the CUSUM test formodel stability.

The main goal of this study is to simulate the effect of a one percent increase or
decrease in military spending on unemployment. In other words, we address a
central question: whether an increase or a decrease in military spending is pro or
anti-job provision in South Africa. To answer this question, we used DARDL, which
was created by Jordan and Phillips (2018). Themethod enables us to test the effects of
counterfactual changes in military spending on unemployment through graphical
visualisation of dynamics of change in unemployment over some time horizons
(Dimitraki and Emmanouilidis 2023).

Finally, we employed Kernel Recursive Least Squares (KRLS), a machine
learning algorithm, to examine the causal-effect relationships between military
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spending and unemployment in South Africa. This KRLS offers some advantages over
the Ordinary Least Squares Regression method. For instance, KRLS provides closed-
form estimates for predicted values, variances, and partial derivatives, which offer
insight into the marginal effects of one variable on another variable without having
to rely on OLS assumptions such as additive or linearity assumptions. Apart from
this, KRLS also provides a flexible alternative to ordinary least squares, accommo-
dating nonlinearities, interactions, and heterogeneous effects (Raifu et al. 2024).
Furthermore, it gives pointwise marginal effects and variances for each data point,
ensuring unbiasedness, consistency, and asymptotic normality under general con-
ditions (Ferwerda et al. 2017). As a result, the KRLS method is useful in determining
the marginal impact of military spending on unemployment, allowing for some
distribution effects across different percentiles.

Having established the justification for employing KRLS, we now present its
mathematical framework. As previously stated, KRLS extends ordinary least squares
(OLS) or generalized linear models (GLM) by integrating kernel methods to model
nonlinear relationships while mitigating overfitting. Following Hainmueller and
Hazlett (2014), we formalise the core optimization problem of KRLS as follows.

min
α

∥ Kα − Y∥2 + λ ∥ α∥2 (8)

Where K represents the kernel matrix, defined as Kij = K(xi,xj) for a chosen kernel
function K(x,x′), α is the vector of coefficients, Y denotes response vector and λ is the
regularisation parameter to prevent overfitting. If the closed-form solution is used.
KRLS estimates α can be obtained as follows:

α = K + λI( )−1Y (9)

The final predicted function can be specified as:

̂f x( ) = ∑
n

i=1
αiK x, xi( ) (10)

Where the kernel function K(x,xi) is a Gaussian (RBF) polynomial. It can also be any
types of Gaussianswhich is allowed to capture complex nonlinear patterns in the data.

All the other variables used except unemployment, military spending and
nonmilitary spending are selected from the Reserve Bank of South Africa, and
they are quarterly data from 2008 Q1 to 2023 Q4. While military spending (% of
GDP) is obtained from the Stockholm International Peace Research Institute
(2023) database, unemployment and nonmilitary spending data are extracted
from the Statistics South Africa (https://www.statssa.gov.za/) and World Devel-
opment Indicators (WDI). We converted the annual military spending and
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nonmilitary spending data to quarterly data using a quadratic approach in
EVIEW 10. All variables are naturally logged except the inflation rate.

4 Empirical Findings

4.1 Descriptive Statistics

Table 1 presents a descriptive analysis of the unemployment rate across gender, race,
province and other variables includingmilitary spending (% of GDP) in South Africa.
During the period of analysis, the average unemployment rate in South Africa was
27 %. The gender unemployment rate showed that female unemployment rate was
higher than that of male. While the female unemployment rate, on average, stood at
29 %, the male unemployment rate stood at 25 %. Among the races, the black un-
employment rate in South Africa was the highest, with an average of 31 %, a
maximum of 39 %, and a minimum rate of 25 %. This was followed by coloured and
Asian/Indian unemployment rates, which averaged 23 and 13 % respectively. The
unemployment rate was lowest among thewhite people with an average of 7 %.With
regard to provinces, unemployment was more prevalent among the people of
Eastern Cape Province. In this province, the unemployment rate averaged 33 %. This
province was followed by Mpumalanga province with an average unemployment
rate of 30 % and Northwest and Gauteng provinces with each having unemployment
rates of 28 %. TheWestern Cape Province has the lowest unemployment rate with an
average unemployment rate of 22 %.

Military spending and non-military spending (as a percentage of GDP) averaged
0.95 and 29 % respectively. Other variables, such as real GDP, FDI (% of GDP), and
inflation, had averages of 4,330,377.1 Rand, 0.5 and 4 % respectively.

4.2 Unit Root Test Results

Stationarity tests are critical in determining and applying an appropriate estimation
method in time series analysis as well as guiding against potential spurious
regression. Thus, we conducted stationarity tests using both the Phillip Perron (PP)
and the Kwiatkowski, Phillips, Schmidt, and Shin (KPSS) unit roots tests. For PP, the
null hypothesis is that the variable has a unit root, whereas for KPSS, the null
hypothesis is stationarity. For an estimation with an ARDL model, it is expected that
all independent variables must be either integrated of order zero I(0) or order one
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I(1). Table 2 displays the unit root test results. Based on PP unit root test results, we
reject the null hypothesis of unit roots for some variables at the first difference,
however, for some variables, we could not reject the null hypothesis at level. Simi-
larly, the null hypothesis of stationarity is rejected for some variables at levels and
not rejected at first difference under the KPSS. This means that the variables are
integrated of mixed orders. Hence, we can use the ARDL estimation method since all
the variables are either I(0) and I(1).

Table : Descriptive statistics.

Variable Obs Mean Std. Dev. Min Max

Total unemployment

Total unemployment  . . . .

Unemployment by race

Black unemployment  . . . .
Coloured unemployment  . . . .
Asians/Indians unemployment  . . . .
White unemployment  . .  

Unemployment by provinces

Western Cape unemployment  . . . 

Eastern Cape unemployment  . . . .
Northern Cape unemployment  . . . .
Free state unemployment  . .  .
KwaZulu Natal unemployment  . . . .
Northwest unemployment  . . . 

Gauteng unemployment  . . . 

Mpumalanga unemployment  . . . .
Limpopo unemployment  . . . .

Unemployment by gender

Female unemployment  . . . .
Male unemployment  . . . 

Other variables

Military spending (% of GDP)  . . . .
Non-military spending (% of GDP)  . . . .
GDP growth rate  ,,. ,. ,, ,,
FDI (% of GDP)  . . −. .
Inflation rate  . . −. .
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4.3 Bounds Testing Results

A criterion for establishing a long-run relationship is the existence of a cointegration
relationship among the underlying variables in a model. For an ARDL analysis, the
underlying variables must be of mixed orders of integration, i.e. I(0) and I(1) (Moa-
wad 2019). Furthermore, the null hypothesis of no cointegration or cointegration is

Table : ARDL bounds testing results.

Variables F-Statistics (%
Significance level)

Decision Lag length

Critical
value

I() I()

Total
unemployment

Total unemployment . . . Cointegrated ARDL(,,,,,)

Gender
unemployment

Female
unemployment

. . . Cointegrated ARDL(,,,,,)

Male unemployment . . . Cointegrated ARDL(,,,,,)
Race
unemployment

Black unemployment . . . Cointegrated ARDL(,,,,,)
White unemployment . . . Cointegrated ARDL(,,,,,)
Coloured
unemployment

. . . Cointegrated ARDL(,,,,,)

Asia/India
unemployment

. . . Cointegrated ARDL(,,,,,)

Province
unemployment

Western Cape
unemployment

. . . Cointegrated ARDL(,,,,,)

Eastern Cape
unemployment

. . . Inconclusive ARDL(,,,,,)

Northern Cape
unemployment

. . . Cointegrated ARDL(,,,,,)

Free state
unemployment

. . . Cointegrated ARDL(,,,,,)

KwaZulu Natal
unemployment

. . . Cointegrated ARDL(,,,,,)

Northwest
unemployment

. . . Cointegrated ARDL(,,,,,)

Gauteng
unemployment

. . . Cointegrated ARDL(,,,,,)

Mpumalanga
unemployment

. . . Cointegrated ARDL(,,,,,)

Limpopo
unemployment

. . . Cointegrated ARDL(,,,,,)
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rejected or accepted, if the value of the calculated F-statistics of the ARDL bound test
is higher or lower than the upper or lower critical bounds value, and inconclusive if
the critical value falls in between the I(1) and I(0) values at 5 % significance level
(Qamruzzaman and Wei 2018). Table 3 below presents the results of the bound tests
of the various unemployment models. All the models, except for the Eastern Cape
unemployment rate under the province unemployment category, demonstrate
cointegration and exhibit long-term relationships. Hence, there is a need to show the
estimated short and long coefficients of the variables in the models using the ARDL.
The test statistic for the Eastern Cape unemployment ratemodel lies between the I(0)
and I(1) critical value bounds, so it is interpreted as inconclusive at the 5 % signifi-
cance level. These results and the subsequent ARDL results are based on the lag
structure of the ARDL in Table 3 below which are generated automatically.

4.4 Main Results

The analysis of the unemployment effects of military spending in South Africa was
carried out using three methods, the ARDL, DARDL and KRLS.

4.4.1 ARDL Results

Tables 4 and 5 present both the short and long term ARDL results. Military spending
exerts negative and statistically significant impacts on total and gender unemploy-
ment, both in the short run and the long run periods, suggesting that an increase in
military spendingwould lead to a reduction in total, male and female unemployment
rates. When Race unemployment rates are considered, increased military spending
reduced significantly the black unemployment Rate in the short and long run, but
pushed up significantly the rate of unemployment among the Coloured Race in both
periods. Similar positive relationships were also obtained among the White and
Asian/Indian populations, but only in the short run. The negative impact of military
spending on the Black Race unemployment rate could be attributed to the Assertive
Affirmative action (AA) and Equal Opportunities (EO) programme2 of the African
National Congress (ANC) after its election in 1994which abolished the hitherto racial,
ethnic and gender segregation in the South African armed forces thereby increasing

2 This legislation set a target to increase the Blacks population in the SANDF to 64.5 % from the pre-
SANDF 39.2 %, Coloured Race, from 12.6 to 13 %, Indians/Asians to remain at 1 %, while the number of
Whites to move from 46.8 to 24.4 %, post-SANDF (Heinecken and Van der Waag-Cowling 2013; Hei-
necken 2009).
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Table : Unemployment effects of military spending in South Africa: Short run result.

Variable lmil_gdp lnms_gdp lgdpr fdi_gdp Infl ECT Adj. R
squared

Total unemployment

Total unemployment −.*** .*** .*** .** .* −.*** .

(.) (.) (.) (.) (.) (.)

Gender unemployment

Women
unemployment

−.*** .*** .*** .*** . −.*** .
(.) (.) (.) (.) (.) (.)

Men unemployment −.*** .*** .*** .** . −.*** .

(.) (.) (.) (.) (.) (.)

Race unemployment

Black unemployment −.*** .*** .*** .* . −.*** .
(.) (.) (.) (.) (.) (.)

White
unemployment

. .*** .*** .** −.* −.*** .
(.) (.) (.) (.) (.) (.)

Coloured
unemployment

.*** . .*** .*** −. −.*** .
(.) (.) (.) (.) (.) (.)

Asia/India
unemployment

. .*** . .** .*** −.*** .

(.) (.) (.) (.) (.) (.)

Province unemployment

Western Cape
unemployment

. . .*** .*** . −.*** .
(.) (.) (.) (.) (.) (.)

Eastern Cape
unemployment

−. .*** .*** . . −.*** .
(.) (.) (.) (.) (.) (.)

Northern Cape
unemployment

.** −. .*** −. . −.*** .
(.) (.) (.) (.) (.) (.)

Free state
unemployment

. . .*** .** . −.*** .
(.) (.) (.) (.) (.) (.)

Kwazulu Natal
unemployment

−. .*** .*** −. . −.*** .
(.) (.) (.) (.) (.) (.)

North West
unemployment

−.*** .*** .*** . .* −.*** .
(.) (.) (.) (.) (.) (.)

Gauteng
unemployment

−.** .*** .*** .* −. −.*** .
(.) (.) (.) (.) (.) (.)

Mpumalanga
unemployment

−.*** −.* .*** ** . −.*** .
(.) (.) (.) (.) (.) (.)

Limpopo
unemployment

. .*** −. −.* . −.*** .
(.) (.) (.) (.) (.) (.)

Standard errors are in brackets; ***p < ., **p < <., *p < ..

196 I. A. Raifu et al.



Table : Unemployment effects of military spending in South Africa: long run result.

Variable lmil_gdp lnms_gdp lgdpr fdi_gdp Infl

Total unemployment

Total unemployment −.*** −.*** −.*** .*** .
(.) (.) (.) (.) (.)

Gender unemployment

Women unemployment −.*** .*** −. .*** .
(.) (.) (.) (.) (.)

Men unemployment −.*** .*** −. .** .
(.) (.) (.) (.) (.)

Race unemployment

Black unemployment −.*** .*** −.* .* .
(.) (.) (.) (.) (.)

White unemployment . .*** .*** .*** −.*
(.) (.) (−.) (.) (.)

Coloured unemployment .*** .*** . .*** .
(.) (.) (.) (.) (.)

Asia/India unemployment . .*** −. .*** .***
(.) (.) (.) (.) (.)

Province unemployment

Western Cape unemployment . .* −. .*** .
(.) (.) (.) (.) (.)

Eastern Cape unemployment −. .*** −. . .
(.) (.) (.) (.) (.)

Northern Cape unemployment .*** −. .*** −. .
(.) (.) (.) (.) (.

Free state unemployment . . .*** −. .
(.) (.) (.) (.) (.)

Kwazulu Natal unemployment −.* .*** −. −. .
(.) (.) (.) (.) (.)

North West unemployment −.*** .* −.*** −. .*
(.) (.) (.) (.) (.)

Gauteng unemployment −.** .*** −. .* −.
(.) (.) (.) (.) (.)

Mpumalanga unemployment −.*** −.** .* .** .
(.) (.) (.) (.) (.)

Limpopo unemployment −.** .*** −.*** −. .***
(.) (.) (.) (.) (.)

Standard errors are in brackets; ***p < <., **p < <., *p < ..
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the population of the Black race in the South African Defence Force (SANDF) to about
70 %, (Heinecken and Van der Waag-Cowling 2013; Heinecken 2009). Therefore,
increased budgetary expenditure for the South African military, especially for
recruitment purposes, negatively affected the rate of unemployment in the Black
Race while increasing that of others.

Among the provinces, increasedmilitary spending caused significant reductions
inNorthWest, Gauteng, andMpumalanga unemployment rates, both in the short run
and the long run and also in the Kwazulu Natal province unemployment rate in the
long run only. There was also a negative, but insignificant, relationship between
military spending and the Eastern Cape Province unemployment rate. These prov-
inces are dominated by Black South Africans whose employment in the SANDF
increased to about 70 % after the AA and EO policies (Heinecken and Van der Waag-
Cowling 2013; Heinecken 2009). The results show that unemployment rates in Black
dominated Provinces reduced. The implication of the negative coefficients ofmilitary
spending on unemployment rates is that an increase in military spending leads to a
reduction in the rates of unemployment. Yildirim and Sezgin (2003) find a similar
outcome for Turkey. They argue that military spending increases employment or
reduces unemployment when military-related operations allow the employment of
vast numbers of workers either directly or indirectly through ancillary or supporting
roles. On the contrary, increased military spending positively affected unemploy-
ment rates in the provinces of Western Cape, Northern Cape, and Free State in both
the short and long run, and the Limpopo Province only in the short run. Only the
relationship with the unemployment rate in the Northern Cape Province was sig-
nificant, at 5 % in the short run and 1 % in the long run. These provinces, comprising
mostly the coloured, India/Asian and White Races, experienced a dramatic drop in
the SANDF, after the AA and EOprogrammewhich abolished their pre-SANDF favour
inmilitary recruitments (Heinecken andVan derWaag-Cowling 2013). Generally, this
result showed that military spending has heterogeneous effects on unemployment
rate among the races and provinces in South Africa. In other words, military
spending impacts unemployment rates differently in the different Races and prov-
inces that make up South Africa.

The results of the relations between total, gender, Race and provincial unem-
ployment rates and the control variables are also presented in Tables 4 and 5. The
result shows that non-military spending, real GDP, and FDI positively impacted
significantly on total, women, men, black, White, Coloured, Asian/Indian, Eastern
Cape, Kwazulu Natal, North West, Gauteng and Limpopo unemployment rates. In
other words, increases in non-military spending, real GDP, and FDI increased
significantly the rate of unemployment in total, women and men, black, White,
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Coloured and Asian/Indian, Eastern Cape, Kwazulu Natal, North West, Gauteng and
Limpopo populations in both the short and long periods. The results show that while

Table : Diagnostics tests.

Variable Hetero-
skedasticity:
Breusch–
Pagan/

Cook–Weis-
berg test

Autocorrela-
tion:

Breusch–
Godfrey LM

test

Autocorrela-
tion: Dur-
bin’s alter-
native test

White heter-
oskedacticiy

test

Decomposi-
tion:

Cameron &
Trivedi’s IM-

test

F-
stat.

Prob. F-
stat.

Prob. F-
stat.

Prob. F-
stat.

Prob. F-
stat.

Prob.

Total unemployment . . . . . . . . . .

Gender unemployment

Female unemployment . . . . . . . . . .
Male unemployment . . . . . . . . . .

Race unemployment

Black unemployment . . . . . . . . . .
White unemployment . . . . . . . . . .
Coloured unemployment . . . . . . . . . .
Asia/India
unemployment

. . . . . . . . . .

Province unemployment

Western Cape
unemployment

. . . . . . . . . .

Eastern Cape
unemployment

. . . . . . . . . .

Northern Cape
unemployment

. . . . . . . . . .

Free state unemployment . . . . . . . . . .
Kwazulu Natal
unemployment

. . . . . . . . . .

North West
unemployment

. . . . . . . . . .

Gauteng unemployment . . . . . . . . . .
Mpumalanga
unemployment

. . . . . . . . . .

Limpopo unemployment . . . . . . . . . .

Authors’ Computation.
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military spending reduces unemployment rates, the reverse is the case for non-
military spending.

The results of the error correction model for all the models are presented in the
Appendix. The results showed that the range of correction for the disequilibrium
between the variables considered in the models is between 41.9 and 91.0 %. This
suggests that in the long run, the speeds of adjustments or convergences towards
equilibrium are rather rapid. The adjusted R2 of the different models are on the
average high. Apart from Eastern Cape and Limpopo provinces models, which are 31
and 45 %, others are above 50 %, suggesting high interpretation powers of the var-
iables that make up each model.

4.4.2 Diagnostic Test

The validity of the ARDL results is examined using different diagnostic tests. We
conducted the Breusch-Pagan/Cook-Weisberg Heteroskedasticity test, Breusch-

Figure 3: (A) Standardized Normal Probability Graphs. (B) Quantiles of Residuals against Quantiles of
Normal distribution. (C) OLS CUSUM Plots of Types of Unemployment Rate for Parameter Stability. NB:
The recursive cusum plots within the 95% confidence bands confirm the stability of the estimated
models.
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Godfrey LM Autocorrelation test, Durbin’s alternative Autocorrelation test, White
Heteroscedasticity test, Cameron & Trivedi’s Decomposition IM-test, Skewness and
Kurtosis Normality tests, as well as the Cumulative Sum test for parameter stability
using OLS CUSUM plot. The results presented in Table 6 show the absence of
heteroskedasticity (see Columns 2 & 5) and autocorrelation (see Columns 3 & 4). The
table shows that, at a probability of 5 %, all models reject the null hypothesis of
heteroskedasticity, and autocorrelation, except for the total unemployment rate
model and the Black race unemployment models. The study also addressed the
potential problem of heteroskedasticity by applying natural logarithms to the
variables. Cameron & Trivedi’s decomposition of the IM-test in column 6 also failed
to reject the null hypothesis of homoskedasticity at the 5 % significance level. This
suggests that the residuals of the different models are homoskedastic.

Figure 3: Continued.
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Standardized normal probability graphs (Figures 3As) aswell as that of quantiles
of residuals against quantiles of normal distribution (Figures 3Bs) estimates, were
also plotted to further validate the distribution of the data series applied in the
models. Thefigures in the different ARDLmodels confirm normal distributions using
both figures. Also, the null hypothesis of structural breaks or the assumption that the
time series swiftly changed in ways not predicted, examined with the OLS CUSUM
plots (See Figures 3Cs), were debunked, the tests statistics of the plots aligned within
the 5 % significance levels of the plots or within the 95 % confidence interval bands.
The outputs of the diagnostic tests show that themodels arewell-fitted and satisfy the
screening procedures.

4.4.3 Dynamic ARDL Results

Our goal in this section is to answer a simple question: Does an increase or decrease
in military spending by a certain amount favour unemployment reduction in South
Africa? In otherwords, we investigate the counterfactual impact ofmilitary spending
on all the unemployment categories. To answer this question, we employed DARDL.
As previously mentioned, DARDL is useful for this kind of analysis because it

Figure 3: Continued.

202 I. A. Raifu et al.



Figure 3: Continued.
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captures the effect of a counterfactual change in the main regressor on the depen-
dent variable and thus, allows for an easy way to trace the effect of the regressor on
the independent variable through a graphical visualisation interface (Sarkodie and
Owusu 2020). Thus, we simulate the effect of shocks to military spending on all the
categories of unemployment, considering a scenario of a 1 % reduction or increase in
military spending. This is important for policy formation regarding addressing the
issue of the relationship between government expenditure, especially military
spending and unemployment in the country. The results of this exercise are pre-
sented through the graphical visualisation interface.

Starting with Figure 4ia and b, we can see that a 1 % reduction in military
spending leads to a temporary worsening of the total unemployment rate, lasting up
to 5 quarters. Conversely, an increase in military spending leads to a reduction in
unemployment within the same quarters. This suggests both increased and
decreased military spending have a temporary effect on unemployment in South
Africa because, as shown in the figure, after declining and increasing unemploy-
ment, the effect of military spending flats out or remains constant. This suggests that
the long-term effect has been established. This finding demonstrates that addressing
the unemployment issue in South Africa is not linked tomilitary spending alone. This
result is consistent with the findings Raifu and Aminu (2023a), who observed that
unemployment in South Africa is primarily a structural issue stemming from limited
access to higher-paying sectors and skill development, aswell as challenges related to
poverty, inequality, and limited economic prospects among certain racial groups.

Figure 4i: Total Unemployment Rate: Counterfactual shock in predicted military spending using
dynamic ARDL simulations. A 1 % decrease and increase in military spending and its influence on total
unemployment rate, where dots specify the average prediction value. However, the dark blue to light
blue line denotes 75 %, 90 %, and 95 % confidence intervals, respectively.
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4.4.3.1 Gender Unemployment
The response of gender unemployment, (female and male), to a shock in military
spending, is similar to the response of total unemployment. As illustrated in
Figures 4iia and b, a shock that leads to a 1 % reduction (increase) in military
spending in South Africa causes a short-term increase (decrease) in both male and
female unemployment. However, over time, these rates tend to flatten out, much
like the overall unemployment rate does. This suggests that reduced military
spending initially worsens male and female unemployment rates. Adjustments in
military spending cause short-term changes in male and female unemployment
rates.

4.4.3.2 Race Unemployment Rate
In this section, we examined how racial unemployment rates respond to shocks to
military spending. As shown in Figures 4iiia and b, the response of the black race

Figure 4ii: Gender Unemployment Rates: Counterfactual shock in predicted military spending using
dynamic ARDL simulations. A 1 % decrease and increase inmilitary spending and its influence on gender
unemployment rates, where dots specify the average prediction value. However, the dark blue to light
blue line denotes 75 %, 90 %, and 95 % confidence intervals, respectively.
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unemployment to either a decrease or an increase in military spending by 1 %
aligned with the responses of total and gender unemployment rates. Specifically,

Figure 4iii: Race Unemployment Rates: Counterfactual shock in predicted military spending using
dynamic ARDL simulations. A 1 % decrease and increase in military spending and its influence on race
unemployment rates. The dots specify average prediction value, while the dark blue to light blue lines
denote 75 %, 90 %, and 95 % confidence intervals, respectively.
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a shock that leads to reducing or increasing military spending by 1 % results in an
increase or a decrease in black race unemployment in the short run but stabilises
in the long term. For the white race unemployment rate, the graphs depict that
increased or decreased military spending by 1 % does not have a discernible
impact. The findings for the Asian/Indian race were similar to that of the white race.
Therefore, based on DARDL, an increase in military spending does not significantly
impact the unemployment rates of the whites and the Asians/Indians. The response of
the coloured race’s unemployment rate to a shock to military spending is the opposite
of that of the black race. Specifically, a shock that results in a 1 % decrease or increase
in military spending would cause a corresponding decrease or increase in the un-
employment rate among the colouredpopulation, implying that a reduction inmilitary
spending would lead to a decrease in unemployment among the coloured people in
South Africa. Increased military spending in South Africa favours the Blacks who
constituted about 80 and 70% of the population of the SANDF since 1994 (Heinecken
and Van der Waag-Cowling 2013; Heinecken 2009). Given these statistics, any military
expenditure, especially for recruitment purposes into the SANDF grants more op-
portunities to the Blacks than to other Races. The implication is that the reduction in
the rate of unemployment reduceswith increasedmilitary spending in the Black Race.
On the contrary, a decrease in military spending, channelled to other sectors of the
economy reduces the unemployment rate in the White, Indian/Asian and Coloured
Races, who are now up-skilling or migrating to skilled jobs in the country.

4.4.3.3 Province Unemployment Rates
Figures 4iva and b showed the results of the counterfactual change in military
spending on unemployment rates across the provinces. From the figure, the shock to
military spending yields similar effects in three provinces among the nine provinces.
Precisely, a shock that leads to a decrease (increase) in military spending leads to a
decrease (increase) in the unemployment rate in provinces such as Western Cape,
Free State, and Limpopo provinces. However, such an effect is a short-term phe-
nomenon, as it only lasts 5 quarters before it flattens out and stabilises for the rest of
the quarters. As a result, our findings suggest that reducing military spending will
reduce unemployment rates in these provinces, whereas increasing it will worsen it.
The reverse is the case for five provinces. In provinces such as the Eastern Cape,
KwaZulu Natal, Northwest, Gauteng, and Mpumalanga, a shock that results in a
decrease (increase) in military spending is likely to cause a corresponding increase
(decrease) in those provinces. This suggests that these provinces would benefit if the
government increased military spending, but would be worse off if the government
continued to reducemilitary spending. Furthermore, we discovered that a shock that
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leads to an increase or a decrease in military spending has no discernible effect on
unemployment in the Northern Cape Province. In other words, an increase or
decrease in military spending does not have a significant effect on the province’s
unemployment rate (Figure 4iv).

Figure 4iv: Province Unemployment Rates: Counterfactual shock in predicted military spending using
dynamic ARDL simulations. A 1 % decrease and increase in military spending and its influence on total
unemployment rate, where dots specify the average prediction value. However, the dark blue to light
blue line denotes 75 %, 90 %, and 95 % confidence intervals, respectively.
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4.4.4 Kernel-Based Regularized Least Squares (KRLS) Results

The pointwise derivatives of the estimated KRLS that show the causal-effect rela-
tionship between military spending and unemployment in the different models are
presented in Table. Precisely, Table 7 shows that themean pointwisemarginal effects
of military spending on total and gender (female andmale) unemployment rates are
0.42 %, 0.41 %, and 0.42 %, respectively. This implies that the total female and male

Figure 4iv: Continued.
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unemployment rates are reduced by the above percentages. This also serves as
evidence that the negative impact of military spending on both total and female
unemployment rates remains consistent across all percentiles. In terms of race
groupings, the marginal effects of military spending on the unemployment rates of
Black, White, Indian/Asian, and Coloured races are 0.46 %, 0.7 %, 0.74 %, and 0.5 %,
respectively. However, the effect, despite being negative, was statistically significant
only for the Black race, both on average and across all percentiles. Thus, military
spending reduces black race unemployment compared to other races. Table 7 also
presents the marginal effects of military spending on provincial unemployment.

Figure 4iv: Continued.
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Focusing on the statistically significant ones, the table provides evidence that mili-
tary spending reduces unemployment in provinces like the Eastern Cape and Gau-
teng, while it exacerbates it in the Northern Cape. The explanatory variables explain
between 50 and 99 % of themodels’ variability, which ranges from 50 to 99 %. Hence,
the variables are important in explaining both aggregated and disaggregated un-
employment rates in South Africa (Table 7). Full result of the KRLS involving all the
explanatory variables are displayed in Table 8 in the appendix.

The study further explored the marginal effects of a change in military
spending on unemployment rates in the different models by plotting the point-
wise derivative of military spending against unemployment rates. The figures
show that higher levels of military spending decrease unemployment rates up to a
certain level where further increases in military spending begin to accelerate
unemployment rates in the total and gender unemployment rate groupings. In
other words, military spending has decreasing marginal effects on total, female
and male unemployment rates up to a certain threshold before upsurges in the
unemployment rates continue (See Figure 5i).

In the racial unemployment rates, the pointwise derivative plotting of military
spending against unemployment rates indicates also a decreasing marginal effect on
the Black unemployment rate in the short term, a negative level in the mid-term and

Table : Pointwise derivatives with KRLS.

Variables Average P P P R

Total unemployment −.*** (.) −. −. −. .

Gender Female −.*** (.) −. −. −. .
Male −.*** (.) −. −. . .

Race Black −.*** (.) −. −. −. .
White −. (.) −. −. . .
Coloured . (.) −. −. . .
Asian/Indian . (.) . . . .

Province Western Cape . (.) −. . . .
Eastern Cape −.* (.) −. −. . .
Northern Cape .** (.) −. . . .
Free state . (.) −. . . .
KwaZulu Natal −. (.) −. −. . .
North West −. (.)\ −. −. . .
Gauteng −.*** (.) −. −. −. .
Mpumalanga −. (.) −. −. . .
Limpopo . (.) −. −. . .

The averagemarginal effects are the figures in the first rows of the model, while the standard errors are in parentheses,
***p < <., **p < <., *p < <.; Authors’ Computation.
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Figure 5i: Pointwise plot of marginal effect of military spending against total, gender unemployment
rates.

Figure 5ii: Pointwise plot of themarginal effect ofmilitary spending against race unemployment rates.
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a positive level in the long-term. In other words, military spending decreases the
Black Race unemployment rate up to a certain level before it increases again.
Figure 5ii also shows that higher levels of military spending increase unemployment
rates in theWhite, Coloured and Indian/Asian Races at the lower levels. However, the
rate of change decreases with time in the Indian/Asian Race. This suggests that
military spending has increasing marginal returns on White and Coloured Races
unemployment rates and decreasing marginal returns on unemployment rate in the
Indian/Asian Race. In other words, military spending leads to higher unemployment
rates in White and coloured Races but reduces it Indian/Asian Race.

Figure 5iii: Pointwise plot of the marginal effect of military spending against province unemployment
rates.

The Effect of Military Spending on Unemployment 213



In Figure 5iii, the pointwise plots of the marginal effects of military spending
against unemployment rates in the different Provinces in South Africa are depicted.
The figure indicates that military spending has increasing marginal returns on the
Western Cape and northern Caper unemployment rates. This is because higher levels
ofmilitary spending produced higher levels of unemployment rates in the Provinces.
Therefore, military spending worsens unemployment rates in the provinces.
Conversely, higher levels of military led to reductions in the rates of unemployment
in the Free State, North West and Limpopo Provinces. Hence, there are decreasing
marginal effects ofmilitary spending on unemployment rates in the Provinces. In the
Provinces of Eastern Cape, Kwazulu Natal and Gauteng, the initial reaction of mili-
tary spending on unemployment rates was a decline up to a certain level before an
increase in the rates in the long term. In the case ofMpumalanga Province, therewas
an initial increase, which peaked at a certain level in the mid-term before declining
in the long-run. While military spending has decreased marginal returns on Eastern
Cape, Kwazulu Natal and Gauteng Provinces’ unemployment rates only to certain
levels, it also has increased marginal returns on the unemployment rate in Mpu-
malanga Province only to a certain level too.

Figure 5iii: Continued.
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5 Concluding Remark and Policy
Recommendations

The study examines the effect ofmilitary spending on the aggregate and disaggregated
unemployment rate in South Africa for the period 2008 to 2023. The study employed
ARDL to capture short and long-run relationships, as well as the novel estimated
techniques such as novel dynamic ARDL and Kernel-based Regularized Least Squares
(KRLS) to capture the impacts of counterfactual shocks in military spending on total,
gender, Race and Provinces unemployment rates. The results established that all the
variables are integrated of either order zero and one, i.e. I(0) and 1(I) and that the
models are cointegrated, thereby satisfying the conditions for anARDL estimation. The
outputs of the diagnostics tests show that themodels arewell-fitted and in linewith the
screening procedures. From the results, a rise inmilitary spending implies a reduction
in total and gender (male and female) unemployment rates in both the short-run and
long-term. However, among the Races, military spending reduced the unemployment
rate amongst the Black Race and increased it among the Coloured, White and Indian/
Asian Races. Similarly, military spending brought down unemployment rates amongst
the Northwest, Gauteng, Eastern Cape andMpumalanga populations both in the short
run and the long run, and in the KwaZulu Natal province in the long run, only. The
reversewas the case forWesternCape,Northern CapeandFree State Provinces inboth
short and long-run periods, and in the Limpopo Province in the short run where
military spending does not have any unemployment quashing effect.

The DARDL simulation and KRLS, which predicted the counterfactual shocks of
the unemployment rate based on a 1 % reduction and addition military spending, are
also presented in theanalysis. The result showed that decreasing or increasingmilitary
spending by 1 % reduced total and gender unemployment rates, and also unemploy-
ment rates among the Black Race and Provinces of the Northwest, Gauteng, Eastern
Cape, Mpumalanga, KwaZulu Natal and Limpopo population. The average impact of a
1 % reduction or additional to military spending could not trickle down to unem-
ployment rates in the Coloured, White and Indian/Asian Races and to the Western
Cape, Northern Cape and Free State Provinces, where it caused upsurges in the un-
employment rates. This suggests that the average impact of military spending on
unemployment rates in South Africa is very restrictive, given its inability to trickle
down or reduce unemployment in all Races and Provinces. The DARDL results were
confirmed by the KRLS plots which show the directions of effects or the pointwise
marginal effects of military spending on total, gender, Race and Province unemploy-
ment rates. While military spending caused decreasing marginal effects on total,
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female, male, Black, Northwest, Gauteng, Eastern Cape, Mpumalanga, KwaZulu Natal
and Limpopo populations, it led to increasingmarginal effects on Coloured,White and
Indian/Asian, Western Cape, Northern Cape and Free State unemployment rates. The
positive impacts of military spending on employment on the Black Race and its
dominated Provinces of Gauteng, Eastern Cape, Mpumalanga, KwaZulu Natal and
Limpopo follows the assertive AA and EO legislationwhich has seen the Blacks surpass
their target in the SANDF to about 70%, while that of the Whites and the Indians/
Asians, dropped to about 16%and 1%, respectively, from2009 (HeineckenandVander
Waag-Cowling 2013; Heinecken 2009). This has positively affected the impact that
increased military spending could make in the unemployment rates of the White and
Indian/Asian dominated provinces of Western Cape, Northern Cape and Free State.

The above results show that the consequences of a rise inmilitary spending are not
homogeneous among the Races and Provinces in the two periods. The outcome suggests
that military spending policies aimed at reducing the rate of unemployment in South
Africa should be Race and Province specific, or at most re-investigated using dis-
aggregated defence spendingdata devoted to the different genders, Races andprovinces,
to fully appreciate how such spending impacts the different groups. It also elucidated the
importance of increased military spending in reducing the unemployment rate among
the majority of the South African population both female and male. Hence, this study
advocates for increasedmilitary spending in South Africa in other to accommodate vast
numbers of workers who may be engaged directly in military roles or in ancillary or
supporting activities. Such increased budgetary provision will also help the military
personnel for skills acquisition for both the members of the armed forces and chosen
members of the civilian population. The skills will make the recipients self-employed.
The increasedmilitary spendingwill alsomake available resources for themaintenance
of peace and stability, allow law-abiding citizens and investors the enabling environ-
ment tomeaningfully engage in their chosen lawful vocations, thereby reducing the rate
of unemployment in South Africa. Specifically, while it is important to increase military
spending to reduce the unemployment rates in the Black Race and its dominated
Provinces of Gauteng, Eastern Cape,Mpumalanga, KwaZuluNatal and Limpopo, there is
need to retool the population of the Coloured, White and Indian/Asian Races and the
Western Cape, Northern Cape and Free State Provinces, in other tomeet the demands of
the prevailing job opportunities in South Africa.

Appendix

See the appendix Table 8.
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