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Official sub-national gdp figures in South Africa are usually published
with long delays or not at all, i.e. relevant, reliable, and real-time economic
data on a provincial and local (municipal) level are often non-existent,
causing a significant data asymmetry at the sub-national level. The search
for an ‘optimal’ sub-national proxy for regional economic growth focuses
on the possible use of regional business confidence. This article, therefore,
investigates the use of regional business confidence indices (rbci) as an
early indicator or proxy of the regional economic growth rate (rgdp). To
this end, the study employed panel cointegration methodology and tech-
niques to interrogate the possible association between regional business
confidence and regional economic growth, focusing on three specific re-
gions of KwaZulu-Natal, South Africa. The results suggest that the utili-
sation of regional business confidence indicators indeed has merit. Con-
straints experienced in the study indicate the direction that further stud-
ies may follow, especially concerning the scope of the period and cross-
sections. The research, therefore, addresses a fundamental gap in the data
asymmetry in South Africa, while also setting a benchmark for other re-
searchers to follow.
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Introduction
This article investigates the potential use and/or application of confidence
indicators, especially business confidence indicators, to proxy economic
activity, at the sub-national level in SouthAfrica. This is relevant since up-
to-date knowledge and relevant data concerning the state of the national,
provincial, and local economy are of utmost importance to conduct eco-
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nomic analysis and policy formulation (Mitchell et al. 2005;Gossman and
Hayes 2018). Unfortunately, in South Africa (sa), like many other devel-
oping countries, such data of the sub-national economy are in most cases
only available with significant time delays of up to one to two years, if
available at all.

The gross domestic product (gdp) is generally used as the appropriate
indicator representing economic activity and should be available at a sub-
regional level (Porter 2003). However, in sa, Statistics South Africa (Stats
sa) only publishes provincial gdp data with a one-year lag, while not
publishing any municipal gdp data at all. To this end, two private sector
companies do publish provincial and municipal gdp data, but also with
at least a one-year lag. Also, given that the private sector data are not
deemed to be official data, it complicates the use of such data, especially
for policymaking.

On the other hand, the demand for sub-national economic analysis
has substantially increased over the past number of years, especially since
sub-national governments (provincial and municipal authorities) have
taken on greater responsibilities regarding economic development and
growth. It seems evidently counterproductive to use national data for
sub-national economic analysis and policymaking, except for setting the
scene and national overview.

This disjuncture between the demand and supply for sub-national data
makes it important and relevant for the search and assessment of viable
proxies that can be used with some confidence and reliability in sub-
national economic analysis and policymaking. One such proxy is busi-
ness confidence since, according to the European Central Bank (ecb),
during the past years, indicators on business confidence or sentiment and
its ability to monitor and forecast short-term economic developments
have emerged (European Central Bank 2003).

The empirical relationship between business confidence indicators and
economic output at the sub-national level is explored in this article to
determine whether business confidence indices might be employed as an
early indicator of regional gross domestic product (gdp), using data of
the urban regions of KwaZulu-Natal (kzn), South Africa.

This article commences by studying some relevant empirical work al-
ready published,mainly from the ecb, but also others. Against that back-
ground, a business confidence index series and an economic growth rate
series for each of three provincial regions are developed, followed by eval-
uating the panel. Thirdly, the article focuses on the application of panel
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data econometric and ardl techniques to empirically test and evaluate
the relationship between regional business confidence and regional eco-
nomic growth rates.

Literature Overview of Existing Research
As stated by De Mello and Figueiredo (2014), a relevant empirical ques-
tion is whether confidence indices (including business confidence) con-
tain any piece of relevant information about the current/future behaviour
of the level/rate of growth of economic activity. To this end, Curtin (2000)
argues that this particular topic has been under debate since the release of
the first confidence surveys.While there seemingly is no consensus in the
literature, according to Dées and Brinca (2013), most authors find a sta-
tistically significant relationship betweenmeasures of confidence and the
current and future behaviour of economic variables, for example,Mouro-
gane and Roma (2003), Ludvigson (2004) and Wilcox (2007) for the us,
Kwan and Cotsomitis (2006) for Canada, as well as Easaw and Heravi
(2004).

Santero and Westerlund (1996) examined the usefulness of consumer
and business surveys in assessing the cyclical position of the economy
and for forecasting output movements. The study included eleven Or-
ganization for Economic Cooperation and Development (oecd) coun-
tries between 1980 and 1995 following a panel data methodology. In the
main, the study found that sentiment measures obtained from business
surveys provide valuable information for the assessment of the economic
situation and forecasting. However, the relationship between sentiment
indicators and output varies considerably across countries and sentiment
measures. The study also found that the results of the Granger tests sug-
gest that business sentiment indicators inmost countries contain relevant
information for the prediction of output, in particular whenmeasured by
industrial production.

The ecb studied the possibility of using statistics on confidence to
estimate gdp, using the ecb Economic Sentiment Indicator (esi) and
their Industrial Confidence Indicator (ici) (European Central Bank
2003). Their analysis included the six largest euro countries (in terms
of gdp) and estimated their relationship between the confidence indica-
tors and the real economy of each country.

The use of a bottom-up or country-specific approach is deemed ap-
propriate when country-specific shocks occurred in the period under
investigation and data are available on a country level on a deeper his-
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torical basis (Gossman and Hayes 2018). The ecb model constructed by
Mourougane and Roma (2003, 519), for the individual euro area coun-
tries, is displayed in equations 1 and 2.

Δ ln gdpt = [iΔindic] ×
⎡⎢⎢⎢⎢⎢⎢⎣At

Γt

⎤⎥⎥⎥⎥⎥⎥⎦ + wt = [iΔindic] × βt + wt, (1)

βt = βt−1 + st. (2)

A measurement equation (equation 1), where the real gdp growth
rate is a function of the variation in the confidence indicator, forms the
essence of the model. The vector of coefficients of the system (βt) is de-
termined by a transition equation (equation 2). A random walk process
(βt−1 + st) is assumed for the transition equation. Equation 2 disappears
when the parameters are assumed to be constant over time. Equation 1
then takes the form of a basic linear function relating the variation of
confidence indicators and real gdp growth rates. The expected Gamma
(Γ) should be positive, implying that an increase in confidence will trans-
late into higher gdp growth. The error terms w and s are white noise
orthogonal vectors.

The ecb central bank applies Granger causality tests between the gdp
growth rates (in real terms) and confidence indicators (in first differ-
ence format). The results suggest that, except for Spain, the ici indicator
Granger causes real gdp and that the reverse causations do not hold for
any of the countries. The results suggest the usefulness of the ici and its
lagged values in explaining real gdp growth. Regarding the esi, i.e. esi
Granger causing real gdp, for all countries except Spain, the ecb states
that the results are encouraging as a preliminary sign of the utility of con-
fidence indicators.

The ecb concluded that the results demonstrate that confidence indi-
cators could indeed be practical in estimating and forecasting real short-
term gdp growth rates. There are, however, some ambiguities in the re-
sults, for example in the case of Spain, which suggest that confidence in-
dicators are not perfect. It is therefore not guaranteed that the results sug-
gest uniformity over countries and therefore country-specific character-
istics need to be considered.

The ecb followed up their research and focused on predicting real
economic growth for the euro area in the short term, applying vintage
data. Numerous monthly indicators (including confidence indicators),
individually and in combinations, were used. The selection was guided
not by selecting the ‘best’ combination of monthly indicators, but rather
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determined by its merits, investigating its pseudo-real-time and compar-
ing it to actual figures and establishing the estimation’s rigour and quan-
tifying the comparative significance of identified forecast errors of the
inputs. Three attributes of significance are how close the variables and
gdp growth are related, the scope of the revisions, and its timeliness (Eu-
ropean Central Bank 2006).

Equation 3 estimates the relationship between gdp growth (in real
terms) and confidence as proxied by the ecb Sentiment Indicator (esi).

d log(gdp) = α0 + α1 × esi + α2 × d log(gdp(−1)). (3)
A major benefit of equation 3, according to the ecb, is parsimony,

while the ad-hocweight assignment among the different confidence indi-
cators within the esi is seen as a cause of concern. The various sectoral
confidence indicators were also considered separately.

Equation 4 includes sectoral business confidence indicators of man-
ufacturing (man_conf), construction, retail trade and other services
(ser_conf). Confidence indicators of construction and retail trade were
excluded because of their very high levels of volatility (Diron 2008). The
equation can be written as:

d log(gdp) = α0 + α1 × d(man_conf) + α2 × ser_conf. (4)
Binette and Chang (2013) state several challenges when forecasting real

short-term gdp growth. Given the large volume of data, it takes time,
and specific instruments must be developed to handle various time inter-
vals and deal with truncated data, which resulted from the redefinitions of
variables. In response to these challenges, the Bank of Canada developed
a single-factor dynamic model estimating Canada’s Short-Term Indica-
tor (csi). This is published monthly and based on the assumptions that
a data series consists of two components, namely the common and an
idiosyncratic part. Both these common and individual dynamics compo-
nents, as described by autoregressive (ar) processes, are used to estimate
the indicators of the csi.

Two sets of criteria were used in the choice of indicators to construct
the csi (Binette and Chang 2013). Firstly, there should be a direct link
between the variables and the Canadian economy, and secondly, the his-
toric forecasts had to be superior to those already published in the ex-
isting literature. The csi includes 32 indicators, such as the volume of
retail trade, housing and total hours worked. It included financial data
and international variables, as well as soft information including con-
sumer confidence. The csi model performs generally as anticipated ac-
cording to the Bank of Canada. The study also found that the accuracy
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of the csi increases as more information becomes available. The views
expressed by the Bank of Canada on the usefulness of confidence indi-
cators are supported by both the Bank of Latvia (Benkovskis 2008) and
the Bank of Albania (2018), stating that the choice of a monthly indicator
should be based on its timeliness and relevance to gdp. It should also be
based on sound theoretical and economic rationale. To this end, business
sentiment or confidence is one such monthly indicator that fulfils these
criteria. The Banks state that the results of their estimation models are
statistically rigid.

With relevance to SouthAfrica, Binge (2020) states that business confi-
dence indicators are widely used leading indicators of economic activity.
Binge uses the microdata from the Bureau for Economic Research (ber)
business tendency surveys to create new composite indicators of business
confidence for South Africa. These surveys usually contain a small num-
ber of qualitative questions. Indicators are derived from the subjective
answers to questions on past, current, and future developments. The as-
sumption is that agents form opinions about economic conditions before
a specific business activity is implemented. These opinions may be called
‘confidence.’

The relationship is investigated for the aggregate variables, as well
as separately for each sector, using bivariate recursive vars featuring
a measure of confidence and real gdp growth (Binge 2020). In the bi-
variate var, both variables are treated as endogenous:

yt = β10 − β12zt + γ11yt−1 + γ12zt−1 + εyt , (5)
zt = β20 − β21yt + γ21yt−1 + γ22zt−1 + εzt, (6)

where y is the output, z is the confidence indicator, and qvarepsilon is the
residual of each equation. According to Binge, the results, in general, pro-
vided evidence at least of significant co-movement between the sectoral
and aggregate confidence indicators and real economic activity. The in-
dicators had a positive and significant impact on real gdp growth in the
var models. Shocks to the indicators accounted for a sizeable fraction of
variation in economic activity.

The Data

The choice of regions (3 regions) and years (11 periods) is purely by de-
fault. The three regions were included on the basis that at the conception
stage of the regional business confidence project, they had functioning
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chambers of commerce with sufficient memberships. The regions were
expanded to include three more regions, but only at a much later stage;
unfortunately, too late to include in this study in that the associated pe-
riod only covers the latter four years, i.e. 2012 to 2015. The regional busi-
ness confidence project only started in 2005 because of funding avail-
ability and lasted until 2015 when the funding ended. At the conception
stage, the regional business confidence project was planned to incremen-
tally expand to around eight regions and become self-financed, therefore
continuing as long as the need exists. However, this, unfortunately, did
not materialise, hence the limited panel data set, which is not ideal for
a study of this nature. Notwithstanding the limitations of the panel data
set, it still holds some value in that it can be used for exploratory purposes
with the caveat that further research still needs to be done to further test
and verify the methods and results.

regional gross domestic product and growth rates
The regional gross domestic product (gdp) for each of the three regions
studied in the current study is estimated using a national, provincial and
regional structure model. The model uses national gross domestic prod-
uct estimates as published by Statistics South Africa (http://www.statssa
.gov.za) to estimate the gross domestic product for each of the three re-
gions. The model is quite similar to models used by ihs Global Insight
(https://www.ihsmarkit.co.za/Products/ReX) and Quantec in their re-
gional economic estimates.

To estimate the gross domestic product of each region, the study
utilised a national disaggregation methodology (see Rossouw 2017). Ag-
gregate indicators are transformed to disaggregate indicators using a re-
lated series, for example, the gross domestic product of each region was
estimated using analogous regional and national indicators (Coetzee and
Kleynhans 2017). These disaggregated data are, however, only used in this
study to test the various models. Once the model is accepted, it would be
used as an instrument to estimate economic activity. Chow-Lin’s (1971)
approach supports this methodology, i.e. disaggregated regional data can
be estimated when only the fully observed aggregated data are available
(Vidoli and Mazziotta 2012; Polasek 2009).

The base year for the model is determined by updating the latest avail-
able regional level gdp data published by Statistics South Africa from
the release date of November 1994 to the start of the model in 2015.
This is done by estimating the structural relationships from various na-
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table 1 Fuel Consumption Structure (As a  of National)

Region        

eThekwini . . . . . . . .

Msunduzi . . . . . . . .

uMthlatuze . . . . . . . .

notes Authors’ calculations based on data from Department of Energy (https://www
.gov.za/department-energy-m).

table 2 Growth Rates of Regional Gross Domestic Product ()

Region           

Msunduzi . . . . . –. . . . . .

eThekwini . . . . –. . . . . . .

uMthlatuze . . . .–. . . . . . .

notes Authors’ estimations based on data from Statistics South Africa (http://www
.statssa.gov.za).

tional provincial regional proxies such as fuel consumption and build-
ings reported as completed and applying these to the latest national gross
domestic product figures (Rossouw 2017). Table 1 indicates the struc-
tural relationships between national fuel consumption and regional fuel
consumption over the period. The major urban regions of KwaZulu-
Natal (kzn), which were considered in this study, are eThekwini, Msun-
duzi and uMthlatuze (previously known as Durban, Pietermaritzburg
and Richards Bay, respectively). These structural relationships form the
basis of the national disaggregation model from which the regional gdp
is estimated.

The equation estimating regional gross domestic product (gdp) using
the fuel consumption structure is:

gdpit = gdpst ×
⎡⎢⎢⎢⎢⎢⎢⎣
∑ Pin

Psn
n

⎤⎥⎥⎥⎥⎥⎥⎦ , (7)

where i is the particular regional economy/proxy, snational economy/pro-
xy; t the annual period; n the number of national and regional proxies; P
national economic proxy, i.e. fuel consumption; gdpit is regional gross
domestic product at time t; and gdpst the national gdp at time t.

The gross domestic product (growth rate) for each of the three regions
is displayed in table 2. The data were generated using equation 7 and are
based on the fuel consumption structure as per table 1.
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regional business confidence indicator (rbci)

The business confidence indicator for each of the three regions of KwaZu-
lu-Natal is estimated using a primary survey. The survey for this current
study follows the methodology employed by the Bureau of Economic Re-
search (ber). They disseminated a questionnaire annually to a panel of
respondents (Bureau for Economic Research 2016). The kzn rbci does,
however, differ from ber’s way of dissemination and processing. The sur-
veys are conducted through the various local chambers of commerce and
other local business organisations operating in the three urban centres.
The survey is an online anonymous business survey designed to gener-
ate data and information on several local economic characteristics and
trends, and the general level of business confidence in the particular ur-
ban centre.

The surveys are conducted annually at the same time to ensure con-
sistency (Kleynhans and Coetzee 2017, 15). The period of investigation
was chosen to ensure confidentiality and circumvent ethical issues. In to-
tal, a response between 150 and 200 was received annually from the vari-
ous chambers of commerce and business organisations. The response rate
varies between 2 and 5 per cent, depending on the district and the year. It
must be said that the response rate is on the low side and as such may not
be as reliable as one would ideally want. Nonetheless, the derived con-
fidence indicators do seem to reflect the wider sentiment in that when
presenting the results to the wider audience within the districts, there is
full agreement with the confidence indicators.

This regional business confidence index (rbci) is compiled from the
percentages of respondents’ answers to questions regarding their views
on the present business/trading conditions and expected sales over the
next year and can be expressed via the following equation:

rbci =
( ∑

BitCitGitHit∑
AitBitCitDitEitFitGitHitIitJit

)
, (8)

where i is particular local economy; t period; Ait excellent responses to
present business/trading conditions are; Bit = good responses to present
business/trading conditions are;Cit fair responses to present business/tra-
ding conditions are; Dit = poor responses to present business/trading
conditions are; Eit = very poor responses to present business/trading con-
ditions are; Fit much better responses to your expected sales performance
over the next year;Git better responses to expected sales performance for
the next year; Hit same responses to expected sales performance for the
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table 3 Regional Business Confidence Index

Region           

Msunduzi . . . . . . . . . . .

eThekwini . . . . . . . . . . .

uMthlatuze . . . . . . . . . . .

notes Authors’ estimations based on data from Statistics South Africa (http://www
.statssa.gov.za).

table 4 Unit Root Statistics for the Panel from 2005 to 2015

rgdp (y) rbci (x)

() Levin, Lin and Chu t* –.*** (.) –.*** (.)

() Im, Pesaran and Shin () W-stat –.*** (.) –.*** (.)

adf – Fisher chi-square .*** (.) .*** (.)

pp – Fisher chi-square .*** (.) .*** (.)

notes Row headings are as follows: (1) null: unit root – assumes common unit root
process, (2) null: unit root – assumes individual unit root process. p-values reported in
parenthesis. p < 0.05 accept the alternative hypothesis of no unit root. *** indicates sig-
nificance of the coefficients or rejection of the null hypothesis on a 1 significance level.

following year; Iit worse responses to expected sales for the coming year;
Jit much worse responses to your expected sales performance over the
next 12 months.

The regional business confidence index (rbci) varies between 0 and
100. Values of 50 are interpreted as neutral, 100 reveals extreme confi-
dence, while 0 indicates an extreme lack of confidence. The estimated
regional business confidence indices (rbci) for each of the three regions
are given in table 3.

Constructing and Evaluating the Panel

Figure 1 displays the results from the panel showing the real growth rate
of gdp (regional economic growth rate, rgdp) per region (y variable),
and the variance (log(rbcit/rbcit − 1)) in the regional business confidence
index (rbci) per region (x variable). The panel consists of three regions
(cross-sections) and 11 years (time sections), i.e. 33 observations.

Table 4 displays the outcomes of the panel unit root test for the two
variables. It suggests that the variables are stationary, i.e. i(0). As stated
previously, the panel does, unfortunately, suffer from a lack of cross-
section (regions) data, which poses some risks; for example, the model
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figure 1 Panel for the Three Regions 2005 to 2015
notes durb = eThekwini, pmb = Msunduzi, rbay = uMhlatuze, gdp = regional
growth rate, vrbci = log variance in regional business confidence index, y-axis =
percentage in the case of gdp and log value in the case of vrbci, x-axis = year; authors’
estimations based on data from Statistics South Africa (http://www.statssa.gov.za).

may potentially suffer from misspecification bias, poor fit and statistical
insignificance. The Granger causality tests also yield few significant re-
sults. These are important issues that should be addressed in further re-
search once this article has illustrated the value of the rbci’s potential.
These constraints should, however, not detract from the potential use of
business confidence indicators, especially if andwhen the data limitations
have been addressed.

Methodology of Analysis
Mitić, Ivanović, and Zdravković (2017) suggest the use of panel econo-
metricmodelling for the estimation of the interdependency between vari-
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ables. To this end, panel cointegration tests strive to provide more reli-
able results in testing of cointegration presence relative to those obtained
by individual tests. The most frequently used panel cointegration tests
are based on unit root testing of residuals from the ols-wise regression,
known in the literature under the umbrella term of the ‘Engle-Granger
based’ (eg) cointegration test. The broadest framework for a panel cointe-
gration test based on the eg procedure was proposed by Pedroni (1999).

Following from the above, themethodology employed in this study fol-
lows the methodology employed by Kirikkaleli et al. (2018) and Srithilat
et al. (2018). Kirikkaleli et al. (2018) studied the long-run linkage between
the electricity consumption, economic growth and internet demand vari-
ables for oecd countries using panel cointegration tests, while Srithilat
et al. (2018) studied the relationship between inflation, exchange rate, and
currency substitution following the panel vector error correction model
approach. Themethodology follows that for the same order of integration
(i(0) or i(1)) variables; cointegration linkage is investigated following the
panel unit root test procedure (table 4). As stated by Pedroni (1999), the
Pedroni cointegration test is based on pooling among bothwithin dimen-
sions and between dimensions. Pedroni (2001) has developed statistics
that are based on pooling among dimensions, which will allow for het-
erogeneity in the autoregressive term (Kirikkaleli 2016, 213). The equation
for Pedroni (2001) cointegration tests can be written as follows:

rgdpit = αi + ϕit + β1rbciit + εit , (9)

where i = 1, . . . ,N for each region in the panel and t = 1, . . . ,T refers
to the time period. The parameters αi and αit allow for the possibility
of region-specific fixed effects and deterministic trends, respectively. The
cointegration tests involve computing residuals from equation (9) and
then using the residuals to test the presence of a unit root. The residual
equation is given by:

εit = ρεit − 1 + νt. (10)

As proposed by Oche, Khamfula, and Mah (2019) and Srithilat et al.
(2018), following the panel cointegration test, the study will also estimate
a vector error correction model:

Δyit = αiβiyi,t − 1 +
pi−1∑
j=1
ΓijΔyi,t − j + Zidt + εit , (11)

t = 1, . . . ,T, i = 1, . . . ,N.
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where t and i are indexes of time dimension and cross-section, respec-
tively, while εit is an error term assumed to be distributed independently.
The process yit of K-dimension is at most integrated of order one; that
is, i(1) with a cointegrating rank of 0 ≤ ri ≤ K. The unknown (K × ri)
and αi and βi are the loading and the cointegratingmatrices, respectively,
and they have full column rank. pi − 1, is the lag order of the vector error
correction (vec) process and is either different across the cross-section
or controlled to be constant (Shrestha and Bhatta 2018).

The short-run dynamics of the process are represented by the un-
known coefficient matrices denoted as Γij, i = 1, . . . ,N; j = 1, . . . , pi − 1,
while the long-run dynamics are represented as Πi = αiβi, i = 1, . . . ,N.
Zi is the unknown parameter vector of the deterministic terms, while the
dt vector contains the deterministic terms (Shrestha and Bhatta 2018).

It is further suggested (Mark and Sul 2003), for panel cointegration,
that fullymodified ordinary least squares (fmols) and dynamic ordinary
least squares (dols) tests are applied to determine the long-run connec-
tion between variables. This methodology is further supported by Mitić,
Ivanović, and Zdravković (2017) through their analysis of the relationship
between real gdp and co2 emissions for 17 transitional economies. En-
dogeneity bias and serial correlations are corrected by fmols and dols
techniques and therefore these estimators allow for standard normal in-
ference (Carlsson, Lyhagen, and Österholm 2007).

The panel cointegration methodology will be augmented with the
auto-regressive distributed lag (ardl) methodology, predominantly to
verify the results of the applied panel models. Asteriou, Pilbeam, and
Pratiwi (2021) employed the asymmetric panel ardl method to analyse
the impact of a change in public debt on economic growth in a panel of
selected Asian countries from 1980 through 2012. Asteriou, Pilbeam, and
Pratiwi (2021) state that it is indeed possible to examine the short- and
long-run relationships using the panel ardl as initiated by Pesaran and
Smith (1995) and Pesaran, Shin, and Smith (1999). Panel autoregressive
distributed lag (ardl) is conducted if no-cointegration is found from
the previous methods. This method is superior regardless of whether the
underlying regressors exhibit i(0), i(1) or a mixture of both (Pesaran and
Shin 1995).

Ghouse, Khan, and Rehman (2018) state that the dependent variable
of an ardl model is expressed by the lag and current values of the in-
dependent variable and its lag. The ardl model normally starts from
a reasonably general and large dynamic model and progressively reduc-
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ing its mass and altering variable by imposing linear and non-linear re-
strictions (Charemza andDeadman 1997). The ardl model is one of the
most general dynamic unrestricted models in econometric use (Shrestha
and Bhatta 2018).

A generalised ardl (p, q) model is specified as:

Yt = γ0j +
p∑
i=1

δjYt − 1 +
q∑
i=0

βjXt − 1 + εjt , (12)

p ≥ 1, for simplicity, assumes that the lag order q is the same for all vari-
ables in the K × 1 vector xt. δ is a coefficient, γ is the constant and εjt is a
vector of the error terms. Yt is the regional gdp (rgdp) at period t and
Xt is the variance in regional business confidence (rbci).

Econometric Analysis of the Panel
Following themethodologies employed byMark and Sul (2003), Kirikka-
leli et al. (2018) and Asteriou, Pilbeam, and Pratiwi (2021), two cointegra-
tion tests are conducted to analyse the long-run relationship between re-
gional economic growth and regional business confidence. The results of
the Pedroni cointegration test (automatic lag selection using the Schwarz
info criterion) are displayed in table 5. The outcome of the Pedroni panel
cointegration indicates that eight out of 11 statistics inmodel 1, six out of 11
statistics inmodel 2, and seven out of 11 statistics inmodel 3 are significant
at the 5 level. This suggests that the no cointegration null hypothesis for
all models can be rejected. The panel statistics assume common ar (au-
toregressive) coefficients (within dimensions), while the group statistics
assume individual ar coefficients (between dimensions).

The findings from the Kao panel cointegration test for all models are in
line with the findings from the Pedroni panel cointegration test as shown
in table 5 (adf statistic is minus 1.615123 with a p-value of 0.0531**).
Therefore, both results confirm the existence of a long-run cointegration
relation between regional economic growth and regional business confi-
dence.

The Fisher-Johansen cointegration test (intercept and trend) results are
displayed in table 6, indicating that the no cointegration null hypothesis
can be rejected.

Given the existence of a cointegrating relationship between rgdp and
rbci (tables 5 and 6), it is possible to estimate the panel vector error cor-
rection model as suggested by Oche (2019). The results are displayed in
table 7. The results suggest that the long-run coefficient (12.67178) is sta-
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table 5 Results of the Pedroni cointegration test (rgdp and rbci)

() () () ()

Model  Panel v-Statistic –. . –. .

Panel rho-Statistic –. .*** –. .***

Panel pp-Statistic –. .*** –. .***

Panel adf-Statistic –. .*** –. .***

Group rho-Statistic –. .

Group pp-Statistic –. .***

Group adf-Statistic –. .***

Model  Panel v-Statistic –. . –. .

Panel rho-Statistic –. . –. .

Panel pp-Statistic –. .*** –. .***

Panel adf-Statistic –. .*** –. .***

Group rho-Statistic . .

Group pp-Statistic –. .***

Group adf-Statistic –. .***

Model  Panel v-Statistic –. . –. .

Panel rho-Statistic –. .*** –. .

Panel pp-Statistic –. .*** –. .***

Panel adf-Statistic –. .*** –. .***

Group rho-Statistic –. .

Group pp-Statistic –. .***

Group adf-Statistic –. .***

notes Column headings are as follows: (1) statistic, (2) probability, (3) weighted statis-
tic. *** denotes 10 significance level.

table 6 Results of the Fisher-Johansen Cointegration Test

Hypothesised no. of ce(s) (1) (2) (3) (2)

None 21.32 0.0016*** 15.01 0.0202***

At most 1 11.96 0.0628 11.96 0.0628

notes Column headings are as follows: (1) Fisher statistics (from trace test), (2) prob-
ability, (3) Fisher statistics (from max-eigen test); *** denotes 10 significance level.

tistically significant, as well as the error correction term (–0.958025). The
short-run lag 1 period coefficient (12.21207) is also statistically significant.
The results suggest that there is indeed long-run causality running from
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table 7 Results of the Panel Vector Error Correction Model

Cointegrating eq. Cointegrating eq. Error correction d(gdp)

rgdp(–)  Error Term –.***

(–.)

[–.]

rbci(–) .*** d(rgdp(–)) –.

(–.) (–.)

[.] [–.]

c –. d(rgdp(–)) –.

(–.)

[–.]

d(rbci(–)) .***

(–.)

[.]

d(rbci(–)) .

(–.)

[.]

C –.

(–.)

[–.]

notes *** denotes 10 significance level; standard errors in (), t-statistics in [].

rbci to rgdp and that there is an adjustment process to long-run equi-
librium (negative error correction term).

The vector error correction model (as displayed in table 7) can be ex-
pressed as follows:

d(rgdp) = c(1) × (rgdp(−1) + 12.671798474 × rbci(−1)
− 2.71359215585) + c(2) × d(rgdp(−1))
+ c(3) × d(rgdp(−2)) + c(4) × d(rbci(−1))
+ c(5) × d(rbci(−2)) + c(6), (13)

where c(1) is error correction term–0.958025, c(2) short-run rgdp lag 1
term –0.387093, c(3) short-run RGDP lag 2 term –0.258572, c(4) short-
run RBCI lag 1 term 12.21207, c(5)short-run RBCI lag 2 term 9.065647,
c(6) short-run constant term –0.690752.

Table 8 illustrates the outcomes of the fmols and dols estimates for
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table 8 Panel fmols and dols results

Coefficient Probability

Y = rgdp fmols Constant rbci . .

Linear Trend rbci . .

None rbci . .

Y = rgdp dols Constant rbci . .

Linear Trend rbci . .

None rbci . .

table 9 Results of the ardl model

Equation Variable Coefficient Std. error t-statistic p-value

Long Run rbci(–) . . . .***

Short Run cointeq –. . –. .***

d(rbci(–)) –. . –. .***

c . . . .***

notes *** denotes 1 significance level.

the three models (panel method = grouped). The findings are particu-
larly consistent with existing literature in that the models suggest posi-
tive relationships between rgdp and rbci. However, the models could
not find the relationships as statistically significant in the long run. This
is contrary to the results thus far obtained and can possibly be explained
because of model-specific limitations such as the lack of cross-sections to
perform the fmols and dols estimates.

The ardl model results are displayed in table 9. Estimating the gen-
eralised ardl model (equation 9) suggests the use of an ardl (1, 1)
model. The optimal lag structure was derived from the Akaike Infor-
mation Criteria (aic). It suggests that there exists both a short-run and
long-run relationship between regional business confidence (rbci) and
regional economic growth (rgdp). The error correction term (coin-
teq01) is –1.19 with a p-value of 0.000, suggesting that the co-integration
coefficient is statistically significant. Furthermore, the long-run coeffi-
cient (7.634437) is statistically significant, as well as the short-run lag 1
period coefficient (–6.753185).

The cross-section short-run coefficients using ardl are displayed in
table 10. For each of the three regions, the error correction terms (coin-
teq01) are statistically significant, suggesting that there is indeed long-
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table 10 Cross Section Short Run Coefficients

Region Variable Coefficient Std. error t-statistic p-value

eThekwini cointeq –. . –. .***

d(rbci(–)) –. . –. .***

C . . . .***

Msunduzi cointeq –. . –. .***

d(rbci(–)) –. . –. .***

C . . . .***

uMhlathuze cointeq –. . –. .***

d(rbci(–)) –. . –. .***

c . . . .

notes *** Denotes 1 significance level.

run causality running from rbci to rgdp and that there is an adjust-
ment process to long-run equilibrium (negative error correction term)
for each of the three regions.

Conclusions
The association between regional business confidence and regional real
gdp growth was estimated in this article using panel data methodology
and estimation techniques, in an attempt to account for both time and
region heterogeneity and homogeneity. The estimation ability of the sug-
gested model exhibits good statistical qualities, yielding significant esti-
mations of regional economic activity.

The techniques enable sub-regional gdp analysis and take sub-re-
gional heterogenic factors into regard when estimating regional eco-
nomic activity. This includes unobservable region-specific factors. The
method of estimation also considered time-series and cross-section di-
mensions of the data, which improve the quality of the estimated relevant
coefficient, as the degrees of freedom were improved when these estima-
tion techniques were employed.

Given the limited panel data, i.e. a limited number of cross-sections,
these estimates need further investigation. Nonetheless, the estimation
results suggest that, on grounds of the range of specifications applying
econometric panel data techniques, regional business confidence and re-
gional real gdp growth rates display some positive relationships. It is
therefore concluded that business confidence can be utilised as an early
indicator of real regional gross domestic economic growth. Therefore, the
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key fundamental reason for the study, i.e. to fill the data asymmetry that
exists at the sub-national level in sa, has been addressed.

The value of bci as an early indicator of economic indicators has been
substantiated in this article. The estimation method has been developed,
as well as its potential proven motivation for further research. The pro-
posedmethod should now be applied in practice bymanagers, and devel-
opment and policy designers, both nationally and sub-regionally. The es-
timation of gdp using bci should now be expanded to other provinces
and cities, as well as neighbouring countries. The relationship between
countrywide bci of ber and the national gdp should also be investi-
gated using a similar methodology.
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