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Abstract

This study investigates how digital payment affects industrial sector activity in
selected Sub-Saharan African countries. The selected countries are Nigeria and
South Africa, which are the largest economies in the sub-region with rapid adop-
tion of digital payment. The investigation is motivated by the strategic importance
of the payment system in facilitating industrial production and turnover. The
methodologies of unrestricted error correction model (UECM) and dynamic or-
dinary least squares model (DOLS) are employed in the study. The UECM results
show that the adoption of digital payment impacted significantly on industrial sec-
tor activity in both countries. The impact is, however, lower than the impact of
physical capital, human capital, and personal income. The positive role of digital
payment is, therefore, strongly complemented by the three variables. On the
other hand, trade openness has an insignificant effect, which indicates a relatively
weak role in facilitating industrial activity. The DOLS results are not significantly
different from the UECM results, which indicates that the estimated impacts on
industrial activity are consistent. The findings suggest the need to deepen the
digital payment system, in order to sustain its role in industrial production and
expansion. This could be done by strengthening the internet technology that
is used in digital payment. Furthermore, the role of physical and human capital
needs to be sustained by encouraging capital investment, while that of personal
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income may be sustained by reducing income tax. The low effect of trade open-
ness could be improved by controlling the import of industrial goods.
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Introduction

Financial transactions in developing countries are predominantly based on cash
payments. However, the evolution of digital payment has significantly reduced
dependence on cash payment, which seems to have influenced the level of indus-
trial activity in most developing economies, particularly in Sub-Saharan Africa.
The increasing adoption of digital payment in these countries reflects the percep-
tion that it has some economic advantages over cash payment. Indeed, it is argued
that digital mode of payment tends to encourage activity in various sectors of the
economy (Chen & Xie, 2019). It also facilitates international transactions and
inflows of foreign investment to different sectors of the economy, leading to faster
growth. Over the last decade, some countries in Sub-Saharan Africa, have wit-
nessed a considerable shift from cash payment to digital payment, following the
implementation of digital payment policy. However, the effect of this shift on
industrial activity has remained a contentious issue.

Some economists argue that digital payment promote industrial activity by
increasing product turnover. Furthermore, industrial activity is encouraged as for-
eigner can easily transfer funds to buy products of domestic industries. This view
is supported by Li and Liu (2005) and Vertakova et al. (2015), who posited that
such foreign transactions promote the growth of industries, directly and indirectly,
through an increase in production and export of industrial goods. Some econo-
mists, on the other hand, hold the view that digital payment encourages foreign
buyers of domestic manufactures, which may only have short-term positive effect
on industrial activity. In support of this argument, Aga (2014) and Pandya and
Sisombat (2017) posited that digital payment system that is not secured may dis-
courage foreign buyers and slow industrial sector activity in the long run.

In spite of the contentions revolving around the role of digital payment, it is
largely considered to be a potential driving force of industrial sector activity in
developing countries. However, it is not yet clear whether this assertion holds true
in the two leading economies of Sub-Saharan Africa, namely, Nigeria and South
Africa. This study, therefore, attempts to investigate the role of digital payment in
facilitating industrial sector activity and its policy implications in the selected
countries. More precisely, the study aims to determine the short-run and long-run
effects of digital payment on industrial sector activity. This issue has yet to be
given adequate attention in empirical studies of Sub-Saharan African countries.
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The two countries under investigation have witnessed rapid adoption of digital
payment over the period 2012-2022. In Nigeria, which is the largest economy in
Sub-Saharan Africa, the volume of digital payment rose astronomically from
428.2 million in 2012, to about 25.13 billion in 2022 (Nigeria Bureau of Statistics,
2022). Similarly, South Africa, which is the second largest economy in Africa,
witnessed tremendous increase in volume from 117.22 million in 2018, to about
8.39 billion in 2022 (International Trade Administration, 2023). Other countries
have also witnessed the same phenomenon, but data are not yet available to inves-
tigate them.

The investigation is carried out by employing the unrestricted error correction
model (UECM) and the dynamic ordinary least squares model (DOLS). In terms
of scope, the study covers the period 2012Q1-2022Q4. It is structured into six
sections comprising an introduction, literature review, empirical methodology,
empirical results, policy implications and imperatives, and conclusion.

Literature Review

The theoretical literature on industrial sector activity draws heavily from the neo-
classical and endogenous theories of growth (Grossman & Helpman, 1990;
Romer, 1990; Solow, 1956; Swan, 1956), which relate production activity to phys-
ical and human capital. Therefore, physical and human capital form the basic
factors in the theory of industrial sector activity (Kiely, 1994). However, there
were concerns that these factors alone do not adequately explain industrial activ-
ity, which led to further extensions of the theory (Rahman, 2010; Sugihara, 2019).
One such extension was propounded by Banerjee (2000), which links industrial
sector activity to the state of the capital market. According to the theory, if the
capital market is underdeveloped and unable to mobilize long-term funds, indus-
trial sector activity remains low. In this situation, opportunities with high returns
may abound for industries, but inadequate resources become a major constraint to
expansion (Legros & Newman, 1995). Industries would, therefore, be character-
ized by slow growth. On the other hand, when the capital market is fairly well
developed and able to mobilize long-term funds for industries, there would be
rapid growth in activity, as well as sustainable development in the industrial sector
(Morduch, 1990).

Another extension of the theory emphasized the important role of government
in facilitating industrial growth (Tongxina et al., 2011). This model is derived
from the Japanese experience that positively relates industrial performance to a
policy environment that promotes market forces and competition. This model has
remained the main attraction for developing countries aspiring to achieve rapid
industrial growth similar to that of Japan and China. Furthermore, Worku (2010)
posited that electronic payment drives industrial activity by lowering the cost of
business.

The empirical aspect of industrial sector activity presents a considerable array
of studies on its determinants, but not much has been done on the role of digital
payment. However, Saroy et al. (2023) only investigated the role in the banking
sector of India within the period 2011-2019, using data envelopment analysis and
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dynamic panel data methods. The empirical results showed that greater adoption
of digital payment improved cost efficiency but not technical efficiency. This dif-
ferentiated impact is attributed to a reduction in operational expenses without
reducing the level of inputs. Similarly, Kasri et al. (2022) investigated the impact
of digital payment on the banking system in Indonesia over the period 2013-2021,
using the vector error correction model (VECM) and vector autoregressive model
(VAR). The study found that digital payment transactions had a positive long-run
relationship with banking stability. Furthermore, it was discovered that digital
payment had unidirectional causality on banking stability. Past empirical studies
on industrial activity seem to have focused more on other factors affecting the
activity. Yang et al. (2021) analysed the transformation of the manufacturing
industry of Hong Kong during the period 2008-2018, to determine the factors
responsible for the phenomenon. After a careful investigation, it was discovered
that technological innovation, scale agglomeration, and market demand were the
major drivers, which suggests that appropriate policies are needed to sustain these
factors. In a previous study, Vertakova et al. (2015) observed that membership of
the World Trade Organization changed the composition of factors influencing
industrial activity in Russia. It led to market competitiveness, reduction in state
control, increase in cross-border investments, and improvement in credit to the
private sector. All these changes caused appreciable growth of the industrial
sector, characterized by new technologies and improved product quality. The
drivers of industrial production in developing countries were again investigated in
a study by Martorano et al. (2017), for two different periods of 1970-1990 and
1991-2014. The countries investigated were selected based on their pattern of
industrialization that was considered quite remarkable and sustained over a long
period of time. The empirical results revealed that production was driven by a
combination of factors including country initial conditions, resource endowments,
and geographical location. Other variables that influenced production include
investment promotion, openness of the economy, financial development, as well
as macroeconomic and institutional stability.

Singh and Kumar (2021) used state-wise panel data to examine the factors
affecting industries in India, within the period 2003-2018. The linear, log-linear,
and non-linear models were employed in estimating the effects, which revealed
that capital formation, credit to economy, and literacy rate, were the strong drivers
of growth in industrial sector activity. A previous study of Saudi Arabia by Ali
(2020) revealed that the country witnessed rapid expansion in industrial sector
within four decades, due to an enabling business environment. The study, however,
concluded that there are small manufacturing industries in the country that should
be given more attention to achieve substantial growth. It went further to recom-
mend easy credit and technical assistance for the small manufacturing industries.
Engidaw (2021) used a different approach to study the effect of country-level
factors on micro and small enterprises in Ethiopia, by employing a framework of
stratified and random sampling. It revealed a positive relationship between the
factors and growth of the enterprises. More precisely, market demand, financial
development, and infrastructure had significant positive effect on the level of
activity. Among these variables, infrastructure had the most significant effect,
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hence the study recommended that more policy attention should be given to provi-
sion of infrastructure.

Global value chain (GVC) is also considered to be important in explaining
growth in industrial sector activity across countries. Kummritz (2016) provided
evidence on the role by using inter-country input-output tables, which revealed
that participation in GVC led to higher productivity of industries in all the coun-
tries, independent of income levels. More specifically, the study revealed that 1%
increase in participation led to 0.11% rise in value-added and 0.33% rise in labor
productivity. In a more recent study of industries in Ethiopia, Whitfield et al.
(2020) examined the benefits of GVC participation to manufacturing industries in
Ethiopia. Generally, it was discovered that participation in GVC did not signifi-
cantly improve the level of activity in manufacturing industries, due to the fact
that industrial policy in the country favored domestic linkages more than global
linkages.

Some studies in developing countries have also investigated the role of foreign
direct investment (FDI) in industries. In a study conducted by Mishra et al. (2001),
1% increase in foreign investment to Africa was found to boost manufacturing
activity by more than 5%, which is considered remarkable in a continent that is
characterized by political instability and unfavorable investment climate. Further
evidence from cross-country regression by lamsiroroj and Ulubasoglu (2015),
covering selected developing countries, revealed that FDI accelerated growth in
industrial sector, especially in countries with a large pool of skilled labor. In these
countries, the foreign investments in industries, which were largely channeled
through the domestic capital market, led to significant increase in industrial turno-
ver. The capital market was able to sustain the flow of foreign investments to
industries, due to its resilience and capacity to hold industries accountable for
invested funds. The capital market has been a major player in safeguarding indus-
trial investment, in order to avoid financial crises that may occur due to misman-
agement. Such crises have indeed occurred in some countries that opened up their
economies to foreign capital (Hausman & Fernandez-Arias, 2000).

Samantha and Liu (2018) again investigated how inflow of foreign investments
affected industries in Sri Lanka during the period of economic liberalization
(1980-2016), using the autoregressive distributed lag model. The study found
insignificant relationship in the short-run and long-run. It concluded that govern-
ment policy should be focused on attracting more foreign investments with
advanced technology capable of increasing industrial productivity. In another
study, Inada (2013) examined the effect of foreign investment on industries in
China, following the lifting of restriction on entry of foreign affiliates in 2002.
The study used industry-level panel data, and found that the industries experi-
enced a significantly larger turnover and export volume. It was also discovered
that foreign investment significantly increased productivity of the industries, far
beyond the level achieved before 2002.

In a recent study, Adejumo (2020) used Granger causality test to determine the
effect of FDI on the manufacturing industries in Nigeria, under regulated and
deregulated economic regimes of the period 1970-2015. It was discovered that the
causality is unidirectional from FDI to manufacturing output and export, which
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supports the view that FDI is a strong determinant of industrial activity. The
results, therefore, suggest that FDI is a strategic factor that needs adequate policy
attention, in order to achieve rapid industrial sector growth in Nigeria, and indeed,
other similar countries. This prescription was also made in an earlier study by
Samouel and Aram (2016), underscoring the need for developing countries to for-
mulate viable policies that can attract more FDI that would enhance industrial
sector growth. Akpan and Eweke (2017) used VAR method to study the effect of
FDI on industrial performance in Nigeria, during the period 1981-2015. It was
revealed that FDI and industrial sector growth have a bidirectional causality, sug-
gesting that they positively affect each other. The results, therefore, support the
case that FDI significantly affects industrial growth.

So far, empirical studies have attributed growth in industrial sector activity to
several factors. However, no study has given adequate attention to the role of
digital payment in facilitating growth of industrial sector activity in Sub-Saharan
African countries, thus creating a void in existing literature. It is, therefore, impor-
tant to undertake study that would determine this role and its policy implications
in typical Sub-Saharan African countries.

Empirical Methodology
Theoretical Modeling

The neoclassical and endogenous theories of growth emphasize the importance of
physical and human capital in facilitating economic activity. It is hypothesized
that increase in capital investment leads to expansion of activity in various sectors
of the economy. However, it has been discovered that capital investment alone
does not determine the level of industrial sector activity, hence Banerjee (2000)
and Tongxina et al. (2011) proposed alternative explanations that focused on the
role of capital market and policy environment. Furthermore, Worku (2010) pro-
posed an explanation that focused on the important role of payment system in
facilitating industrial sector activity. More precisely, electronic payment is posited
to have lower cost that encourages industries to grow. This present study takes into
consideration the key factors affecting industrial sector activity, with particular
focus on the payment system. The payment system has short-run and long-run
effects on industrial sector activity.

The model relating industrial sector activity to the various factors may, there-
fore, be presented in the form of UECM and DOLS. The UECM model is employed
because it possesses the capacity to eliminate the problem of endogeneity, and
also suitable for estimating both short-run and long-run effects. The model may be
derived from the basic framework presented below:

IDP. = f[DP, PK,,HK,,PY,,TT, ] (1

DR =a,+Y. a,X,+1 @
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The framework shows the functional relationships between industrial sector activ-
ity and the exogenous variables in (1), with the empirical version stated in (2). The
endogenous variable is /DP (industrial sector activity), while the exogenous vari-
ables are DP, (digital payment), PK (physical capital), /K (human capital), PY,
(personal income), and TT (trade openness). The parameters o, and p represent
impact and error term, respectively. The framework is transformed to the unre-
stricted VECM, as shown below:

DR =a,+) a7 +aIDP_ +¢, )
6 6 4
IDP = a, + ZFI(XJ.ZF1 +Y MAZ +, )
Where,
IDP = industrial sector activity (endogenous variable)
Z,, = vector of lagged exogenous variables (j = 1, 2, ...., 6)

A = first difference operator
o= long-run coefficients of exogenous variables
4, = short-run coefficients of exogenous variables.

The model shows that industrial activity depends on five underlying variables, and
the lagged endogenous variable as indicated in equation (3), in conformity
with the theoretical requirements of UECM. On the other hand, equation (4) indi-
cates the short-run and long-run relationships between industrial activity and the
variables. The parameters a, (j=1,2,....... , 6) represent long-run coefficients of
the exogenous variables, while /lj (j=1,2,....., 6) are short-run coefficients.

The DOLS model is also constructed to support the UECM model, in order to
ensure consistent and dependable estimation results. It is a dynamic equation
model commonly estimated to determine the long-run relationship between
endogenous and exogenous variables, with the advantage of eliminating the
problem of endogeneity (Stock & Watson, 1993). The model in its reduced form
is presented in (5). It is made dynamic in (6) by introducing leads and lags. The
leads and lags are introduced to minimize serial correlation and correct for
endogeneity.

DR =0,+Y." 8,X, +¢, (5)

5 5 n (6)
IDR=0,+,  0,X,+), >  mX_ +o

Where,
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IDP = industrial sector activity (endogenous variable)
X = vector of exogenous variables (j = 1, 2, ..., 5)
6/. = coefficients of exogenous variables

The model simply relates industrial activity (/DP) to digital payment (DP),
physical capital (PK), human capital (//K), personal income (PY), and trade
openness (T7).

Basic Concepts in the Model

Industrial Activity

This concept refers to a specific branch of economic activity involving production
or manufacturing of goods, and provision of services. It encompasses activities by
firms engaged in offering similar or different products. These activities are charac-
terized by their unique features, which include product type, technology, and the
market they serve. Industrial activity is governed by a set of regulations, and takes
place in a competitive environment. Manufacturing represents the major hub of
industrial activity. According to International Labor Organization (2023), the other
components of industrial activity include construction, mining, electricity, gas,
water supply, services, etc. Before the advent of Covid-19, China led the world in
manufacturing with over $2.01 trillion output (West & Lansang, 2018), followed by
the United States ($1.87 trillion), Japan ($1.06 trillion), Germany ($700 billion), and
South Korea ($372 billion). Overall, China, United States, and Japan contributed
about 48% of world manufacturing output. The Covid-19 pandemic disrupted man-
ufacturing activity regionally and globally, as manufacturing export of China and
Japan dropped by over 17.8% in 2020, but the export of US increase slightly by
0.7% (Chinaorgen, 2023). However, China was able recover quickly in 2021 and
increased manufacturing export by 6.7% to retain its leadership position among the
five top manufacturing countries in the world (Kansas City Fed, 2023). According
to Safeguard Global (2023), China contributed 28.4% of world manufacturing
output in 2023, followed by the United States (16.6%), Japan (7.5%), Germany
(5.8%), and India (3.3%). India has made spectacular progress in manufacturing by
climbing to the fifth position among world industrial countries.

Digital Payment

This system of payment involves electronic transfer of money from one account
to another using digital devices. The system encompasses payment methods that
use digital channels, such as the internet, mobile phones, and automated devices
to transmit and receive money. The instruments of transfer include mobile bank
applications, credit and debit cards, prepaid cards, etc. Digital payment can be
described as primary, partial, or full. Primary digital payment enables the payer to
transfer money directly to account of the payee who then withdraws the cash from
the account. Partial digital payment allows the payer to transfer money to the
account of a third-party agent who receives the payment and disburse cash to the
payee. Full digital payment is one in which the payer transfers cash to the payee
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who receives it digitally and also spends it digitally. Digital payment offers sig-
nificant benefits to individuals, firms, governments, and international organiza-
tions. The system of digital payment has evolved rapidly over the last two decades,
with the introduction of different modes of transactions, such as point of sale
transfer, online sales transfer, automated teller machine transfer, automated clear-
ing house transfer, digital wallet transfer, etc. It has also expanded rapidly to cover
transactions within countries and across borders. The expansion is facilitated by
increasing proliferation of smartphones and consumer adaptation to digital tech-
nology. It is anticipated that the digital payment system will continue to witness
rapid growth in developing countries, particularly India and Indonesia, where
smartphones are increasingly encroaching on rural areas due to government push
for digital driven economy. The unified payment interface, digital India, and the
introduction of helpline 14444 are a few initiatives the Indian government has
launched to support digital payment system. These initiatives helped in position-
ing India as the country with the highest digital transactions in the world, account-
ing for about 46%, as at 2022. India is followed by Brazil, China, Thailand, and
South Korea (Unified Payments Interface, 2023). In general, the Asia-Pacific
region leads other regions of the world in the digital payment transactions.

Estimation Techniques

The UECM methodology is employed in determining the effect of exogenous
variables on industrial activity in each country, following Aliyu and Ismail (2017)
and Hussain (2007). The methodology allows each variable to adjust and mini-
mize the endogeneity problem. The DOLS methodology is also employed to
determine the effects. It is a dynamic equation technique that corrects for endoge-
neity and serial correlation by including leads and lags of exogenous variables.
The leads and lags ensure that the model accounts fully for changes in industrial
activity. These techniques of UECM and DOLS are employed in this study because
of their ability to minimize serial correlation and endogeneity problem. They are
preferred to the basic and less complex methodologies of error correction mecha-
nism and ordinary least squares, due to their capacity that allows estimation to be
done without imposing restrictions of linearity or nonlinearity. The lack of restric-
tion, therefore, makes them more suitable in empirical studies.

The data employed in estimation are index of industrial production (industrial
sector activity), volume of electronic money transfers (digital payment), gross fixed
capital formation (physical capital), adult literacy rate (human capital), disposable
income (personal income), and ratio of import and export to GDP (trade openness).

Empirical Results

Model Estimation Results

The estimation results of the UECM are reported in Table 1. In Nigeria, the short-
run and long-run effects of digital payment are 0.53 and 0.58, respectively, which
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Table I. Unrestricted Error Correction Model Estimation Results.

Endogenous Variable: IDP
Estimation Period: 2012Q1-2022Q4

Nigeria South Africa
Regressor Coefficient t-Value Coefficient t-Value
Intercept 2.36 8.46 1.87 6.66
ADP 0.53* 2.25 0.56* 2.39
APK 0.65%* 3.31 0.68* 3.39
AHK 0.63* 3.12 0.66* 3.49
APY 0.61%* 3.08 0.64* 341
ATT 0.31 1.39 0.28 1.25
AIDP 0.28 1.24 0.23 1.16
DP 0.58%* 2.36 0.61* 3.01
PK_, 0.73%* 6.99 0.75%* 7.22
HK 0.72%* 6.92 0.67* 3.24
PY, 0.62* 3.13 0.65*% 3.48
T, 0.33 1.41 0.26 1.19
IDP_, 0.34 1.49 0.29 1.28
Diagnostics
Adijusted R%: = 0.88, SEE= 0.029, F-stat = 40.12, Adjusted R?= 90.22, SEE = 0.031,
Durbin’s h = —1.89, Log likelihood = 110.13, F-stat = 38.91, Durbin’s h = —1.90,
Akaike criterion = 70.42 Log likelihood = 107.28, Akaike

criterion = 69.20

Notes: * Significant at 5% level, **Significant at 1% level; IDP—industrial activity, DP—to digital pay-
ment, PK—physical capital, HK—human capital, PY—personal income, TT—trade openness; the first
difference operator A attached to the variables indicates short-run, while the variables without the
operator indicate long-run.

are significant at the 5% level. The results, therefore, suggest that digital payment
had appreciable effect on industrial activity in Nigeria. However, these effects are
lower than the effects of physical capital and human capital, which are above 0.64
and significant at 5%. Personal income also produced significant effect of over
0.60, which exceeds the effect of digital payment. It is only trade openness that
had insignificant effects lower than 0.34. The response of industrial activity to its
own lag is indicated by the coefficient of IDP_, which is below 0.35, suggesting
that current activity does not significantly depend on past level of activity. In
South Africa, the results are not significantly different from Nigeria. The short-run
and long-run impacts of digital payment (0.56 and 0.61) are significant at 5%. It
follows that digital payment-enhanced industrial activity, as much as it deed in
Nigeria. Physical capital and human capital had more significant impact of over
0.65, while personal income also exerted more significant impact of over 0.63.
The impact of trade openness falls below 0.30 and insignificant at 5%, making it
the only variable with unimpressive impact. The response of current industrial
activity to the past level of activity is below 0.30, which is also insignificant.

In summary, the results show that industrial activity in both countries benefited
appreciably from digital payment, which was largely complemented by some of
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the control variables. The diagnostics show that estimation errors are highly mini-
mized, which makes the estimation results robust and reliable. The extent to which
the benefits can be sustained depends on the policy direction of the countries.

The DOLS model was also estimated to back up the UECM estimation and
ensure dependability of results. The DOLS results are reported in Table 2 for the
two countries. In Nigeria, digital payment had significant long-run impact of 0.62
on industrial activity, at the 5% level, which is, however, surpassed by physical
capital (0.72), human capital (0.68), and personal income (0.66). Trade openness
is the only exogenous variable that had insignificant impact of 0.39. In South
Africa, the impact of digital payment is observed to be 0.59, is also lower than the
impact physical capital (0.64), human capital (0.61), and personal income (0.60).
The only variable with insignificant effect is trade openness (0.28). The results are
similar to the estimates produced by the UECM model, and clearly suggests that
digital payment played appreciable role in facilitating industrial activity in both
countries, which was strongly complemented by physical capital, human capital,
and personal income.

The lags and leads are all positive in both countries, thus minimizing the endo-
geneity problem in estimation. Also, the adjusted coefficients of R?(0.94, 0.89)

Table 2. Dynamic Ordinary Least Squares Estimation Results.

Endogenous Variable: IDP,

Exogenous Nigeria South Africa
Variable Estimate t-Statistic Estimate t-Statistic
Intercept 1.02 3.97 1.31 4.23
DP 0.62 3.54 0.59* 2.56
PK 0.72%* 6.62 0.64* 3.67
HK 0.68* 3.99 0.61* 3.16
PY 0.66* 3.76 0.60%* 3.09
T 0.39 1.42 0.28 1.17
DP 0.33 1.25 0.38 1.39
PK, 0.6l 1.22 0.56 2.66
HK 0.55 2.62 0.52 2.29
PY 0.57 2.89 0.54 2.6l
TT, 0.43 1.42 0.39 1.39
Dp,, 0.29 1.22 0.31 1.25
PK,, 0.30 1.25 0.28 1.19
HK,, 0.25 111 0.23 1.08
PY,, 0.19 1.07 0.36 1.41
TT,, 0.28 1.21 0.33 1.37
Diagnostics Adjusted R = 0.94, Adjusted R? = 0.89,

F-statistic =15.09%* F-statistic =13.27%*

Durbin’s h = 1.96 Durbin’s h = 2.02

Log likelihood = 72.16 Log likelihood = 69.23

Notes: * Significant at the 5% level; ** Significant at the 1% level; Leads and lags = I.

IDP—industrial activity, DP—to digital payment, PK—physical capital, HK—human capital, PY—
personal income, TT—trade openness; the variables with leads and lags are only included to minimize
the problem of endogeneity in estimation.
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Table 3. Unit Root Test Results on Residuals of DOLS Regression.

Nigeria South Africa
Residual Series Drift Drift and Trend Drift Drift and Trend
Level —4.09 =5.11 -3.61 —4.28
First difference —13.12% —15.55% —12.88* —14.32*%

Note: *Significant at the 5% level; Phillips-Perron test.

indicate that all the variables were able to account for 94% of systemic change
in Nigeria, and 89% of systemic change in South Africa. The overall impact of
variables is significant at 1% in both countries, as indicated by the F-statistics
(15.09, 13.27). The Durbin’s h values (1.96, 2.02) and log-likelihood values
(72.16, 69.23) show that serial correlation is highly minimized, thus making the
estimated results unbiased and reliable.

To ensure that the variables in each country are stationary, unit root test is con-
ducted on the residuals of DOLS regression, by using the PP technique proposed
by Phillips and Perron (1988). The results, reported in Table 3, show that the
residuals are non-stationary in levels for both countries, as indicated by the insig-
nificant test statistics. However, the statistics are significant in first differences,
hence the null hypothesis that variables are non-stationary is rejected, which
makes the estimation results non-spurious.

Forecasting Capacity of Estimated Model

The forecasting capacity is tested by using UECM estimation results. This is done
by splitting the study period into two approximately equal subperiods. The data
for each subperiod is fitted into the estimated UECM model to produce forecast
errors in the two subperiods, which are then evaluated to determine the forecasting
capacity. For a model to have good forecasts, the errors in the two subperiods
should be similar. This procedure has been adopted in several studies, such as
Otavio et al. (2011), Jiang and Liu (2011), Kuo (2016), etc. In Table 4, all the
measures of forecast error have values less than unity, indicating that the errors are
negligible in both countries. The forecasting capacity of the estimated model can,
therefore, be considered quite good, which makes the model reliable for short-run
forecasts of industrial activity.

Structural Stability

The empirical results have shown how industrial activity is affected by digital
payment and other variables. It is, therefore, possible to use the estimates as a
basis for policymaking. However, the results can only be considered useful
for policymaking if structural stability exists within the model. The maximum
likelihood estimator is employed to test for stability, which involves splitting
the entire period of study into two subperiods, by choosing a suitable breakpoint
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Table 4. Results of Forecasting Test.

Prediction Model: UECM
Subperiod 1: 2012Q1-2016Q4
Subperiod 2: 2017Q1-2022Q4

Measure of Nigeria South Africa
Forecasting

Error Subperiod | Subperiod 2 Subperiod | Subperiod 2
MAE 0.1104 0.1386 0.1402 0.1687
MAPE 0.8803 0.9742 09179 0.9892
RMSE 0.1416 0.1577 0.2532 0.1955
Theil-T 0.0083 0.0096 0.0946 0.0766

Note: MAE—Mean absolute error, MAPE—Mean absolute prediction error, RMSE—root mean
square error, Theil-T—Theil’s coefficient of inequality.

Table 5. Maximum Likelihood Structural Stability Estimates.

Endogenous Variable: IDP

All Period Subperiod | Subperiod 2
(2012Q1-2022Q4) (2012Q1-2016Q4) (2017Q1-2022Q4)
Exogenous Asymptotic Asymptotic Asymptotic
Country Variable Coefficient  t-Statistic Coefficient  t-Statistic ~ Coefficient  t-Statistic
Nigeria Intercept 0.31 .13 0.28 1.09 0.29 1.09
DP 0.29 1.09 0.30 1.10 0.31 I.14
PK., 0.30 I.11 0.31 1.12 0.28 1.08
HK, 0.28 1.07 0.29 1.08 0.30 I.11
PY 0.31 I.13 0.25 1.03 0.27 1.05
T, 0.26 1.03 0.23 1.01 0.24 1.02
IDP 0.27 1.05 0.26 1.04 0.25 1.05
South  Intercept 0.26 1.07 0.23 1.03 0.26 1.06
Africa  DP 0.33 1.18 0.28 I.11 0.25 1.03
PK, 0.27 1.09 0.24 1.06 0.31 I.16
HK, 0.30 I.14 0.27 1.10 0.29 1.13
PY 0.25 1.02 0.26 1.08 0.30 I.15
TT, 0.31 I.15 0.29 1.13 0.24 1.06
IDP_ 0.24 1.05 0.25 1.01 0.28 1.12

Note: IDP—industrial production, DP—digital payment, PK—physical capital, HK—human capital,
PY—purchasing power, TT—trade openness.

(Yu et al., 2008). The breakpoint, as shown in Table 5, is the period 2016Q4,
which was characterized by economic disturbance in Nigeria and South Africa
due to the downturn in global oil market. The table reports maximum likelihood
estimates of the whole period and subperiods, which are not significant at 5%.
Again, the subperiod estimates of each variable are not significantly different. The
test, therefore, indicates acceptance of the null hypothesis of no structural instabil-
ity, hence the estimated results may be considered suitable for policy making.
In Table 6, the insignificant variation in values Rho, normalized bias statistic,
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Table 6. Maximum Likelihood Reliability Estimates.

Structural Break

. Standard  Root Mean
Parameter Estimate

Alternative Normalized Deviation Square Error
Country  Break Point  Rho | Rho 2  Bias Statistic ~ (SD) (RMSE)
Nigeria 2016Ql 0.08 0.09 0.37 0.13 0.24
2016Q2 0.06 0.07 0.33 0.11 0.20
2016Q3 0.09 0.08 0.35 0.15 0.26
2016Q4 0.07 0.09 0.37 0.13 0.24
2017Ql 0.10 0.1 0.39 0.15 0.26
2017Q2 0.07 0.08 0.37 0.12 0.23
2017Q3 0.09 0.10 0.38 0.14 0.25
South 2016Ql 0.05 0.04 0.29 0.10 0.22
Africa 2016Q2 0.07 0.09 0.31 0.16 0.21
2016Q3 0.08 0.10 0.30 0.17 0.25
2016Q4 0.06 0.07 0.34 0.1 0.20
2017Ql 0.09 0.05 0.36 0.14 0.27
2017Q2 0.04 0.03 0.39 0.13 0.24
2017Q3 0.10 0.08 0.32 0.15 0.26

Note: Alternative breakpoints are distributed evenly around the period 2016Q4.

standard deviation, and root mean square error, indicate that the stability test
results are unbiased and reliable.

Policy Implications and Imperatives

In both countries, the UECM estimation produced results that reveal significant
short-run and long-run effects of digital payment on industrial activity. The DOLS
estimation results are largely similar to the long-run effects of UECM. The signifi-
cant role of digital payment was strongly complemented by physical capital,
human capital, and personal income, while trade openness played an insignificant
role. These findings, therefore, have some useful policy implications:

1.

Digital payment made a meaningful contribution to growth in industrial
activity in the short-run and long-run. This finding is different from the
one produced in a past study by Saroy et al. (2023), where the role of
digital payment was investigated in banking sector activity rather than
industrial sector activity, and found to have a positive impact on cost effi-
ciency but not technical efficiency. Again, the finding in this present study
is different from the one produced from a past study by Kasri et al. (2022),
where digital payment was also investigated in relation to banking activity
rather than industrial activity, and found to have a positive relationship
with a unidirectional causality on banking stability. The implication of the
current finding is that industrial activity will continue to expand as the
economy shifts away from cash payment to digital payment. It is, there-
fore, necessary to sustain this trend by strengthening internet technology,
which is considered to be the bedrock of digital payment.
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2. Itisalso revealed that physical capital, human capital, and personal income
strongly complemented the positive role of digital payment in driving
industrial activity. This finding aligns with the results in past studies by
Engidaw (2021) and Singh and Kumar (2021) that found positive impacts
of capital formation, physical infrastructure, human capital (literacy rate),
and market demand (personal income). The implication of the current
finding is that these control variables are also important in shaping the
trend of industrial activity. Therefore, their impacts need to be enhanced
through appropriate policy measures, such as increase in investment to
boost capital stock, and tax-cut to boost personal income.

3. The study further revealed that the effect of trade openness on industrial
activity is considerably low. This finding is however different from the
results in the past study by Martorano (2019) that revealed a significant
positive effect. The insignificant effect in the present study may be attrib-
uted to the low capacity of industries in the key Sub-Saharan African
countries to compete favorably with foreign industrial goods. It is there-
fore necessary to limit trade openness by controlling imports that compete
and crowd out domestic industrial goods.

Conclusion

In this study, an investigation was undertaken to determine the role of digital
payment in fostering industrial sector activity in key Sub-Saharan African econo-
mies, during the period 2012Q1-2022Q4. The study adds to the growing research
works on industrial activity in emerging countries. The methodologies of UECM
and DOLS were employed to investigate the issue. The estimation results of
UECM and DOLS, which are not significantly different revealed that:

e Digital payment impacted significantly on industrial activity in both
countries.

e Physical capital, human capital, and personal income also contributed
significantly to industrial activity.

e Trade openness is the only control variable with an insignificant impact on
industrial activity.

The forecasting capacity of estimated model was tested by using UECM estima-
tion results, which produced negligible forecast errors. It shows that the model
possesses a good forecasting capacity, and is reliable for predicting short-run
trends in industrial activity. The test of stability also revealed no significant struc-
tural break, hence the estimated model may be considered suitable for policy
making. These findings, therefore, suggest that:

e  The industrial activity will continue to grow as the digital payment system
expands, hence it is imperative to strengthen the internet technology,
which is considered to be the bedrock of digital payment.
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e  Physical capital, human capital, and personal income are complementary
variables that spur industrial activity, hence they need to be sustained by
providing a viable policy framework that would boost capital investment
and personal income.

e Trade openness dragged industrial activity, hence the need to limit the
openness by controlling import of foreign goods that compete and crowd
out domestic industrial good from the market.
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