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Abstract: This paper explores the impact of trade openness and exchange rate volatil-
ity on South Africa’s industrial growth from 1980 to 2024 through a hybrid econometric
framework combining Autoregressive Distributed Lag (ARDL) and Structural Vector Au-
toregression (SVAR) models. It captures both long-term relationships and short-term
economic patterns; the analysis reveals that gross domestic product (GDP) is the most
significant and consistent driver of industrial value added (IVAD), while trade openness
and currency volatility exert limited standalone effects. Structural shocks, notably the
2008 global financial crisis and the COVID-19 pandemic, had significant negative short-
term impacts on industrial performance, highlighting systemic vulnerabilities. Robustness
tests, including rolling window ARDL and first-difference GDP estimation, confirm the
persistence of these relationships. Impulse response functions and forecast error variance
decomposition underscore the transient and moderate influence of external shocks com-
pared with the dominant role of internal macroeconomic fundamentals. These findings
indicate that liberalisation and exchange rate flexibility must be embedded within a broader
developmental strategy underpinned by institutional strength, resilience building, and
sustainability principles. This study provides fresh insights supporting policy frameworks
that prioritise domestic industrial capacity, macroeconomic stability, and alignment with
Sustainable Development Goal 9—inclusive and sustainable industrialisation.

Keywords: trade openness; exchange rate volatility; industrial growth; econometric analysis;
South Africa; ARDL; SVAR; Sustainable Development Goals

1. Introduction
Industrial development remains a fundamental pillar of long-term economic trans-

formation, especially within emerging economies such as South Africa’s. Over the past
four decades, South Africa has undergone profound structural adjustments, transitioning
from a protected, inward-looking economy to one increasingly open to global markets.
While trade liberalisation has facilitated integration into global value chains and enhanced
competitiveness, it has also heightened exposure to external shocks, particularly exchange
rate volatility and global financial disruptions. These evolving dynamics raise pressing
questions regarding the sustainability and resilience of South Africa’s industrial expansion
in an increasingly volatile global economic environment [1].

Trade openness, commonly measured by the trade-to-GDP ratio, is frequently cited as
a key driver of industrial development expanding market access, encouraging competition,
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fostering efficiency, and enabling technological diffusion. However, these gains are not
automatic. They are deeply contingent upon a country’s institutional quality, industrial
absorptive capacity, and coherence in complementary policy frameworks [2]. Recent
empirical studies affirm that while trade liberalisation may catalyse growth, its effectiveness
is considerably amplified in environments underpinned by robust institutions and cohesive
industrial policies [3].

Concurrently, exchange rate instability has emerged as a formidable constraint on
industrial growth, particularly in economies dependent on imported inputs and global ex-
port competitiveness. Fluctuating currency values complicate investment planning, inflate
production costs, and undermine long-term industrial viability. Although depreciation may
temporarily boost export revenues, persistent volatility undermines firm-level confidence
and macroeconomic predictability, both of which are essential for industrial deepening in
open economies like South Africa [4].

While a substantial body of literature has separately examined trade openness and
exchange rate volatility, their interactive effects on industrial performance remain insuffi-
ciently explored. Most studies have centred on aggregate economic indicators rather than
sector-specific outcomes such as industrial value added. Moreover, few have accounted
for the role of major structural disruptions such as global crises in shaping the interplay
between openness and volatility. This gap is particularly striking given the emphasis on
inclusive and sustainable industrialisation within frameworks like the United Nations
Sustainable Development Goals (e.g., SDG 9) [5].

This study aims to bridge these gaps by examining the joint influence of trade openness
and exchange rate volatility on South Africa’s industrial growth between 1980 and 2024.
Using a hybrid modelling strategy that combines Autoregressive Distributed Lag (ARDL)
and Structural Vector Autoregression (SVAR) techniques, this study captures both long-run
equilibrium dynamics and short-run responses to macroeconomic shocks. Structural breaks
such as the post-apartheid liberalisation, the 2008 global financial crisis, and the COVID-19
pandemic are explicitly incorporated to contextualise and strengthen inference [6].

This study makes three core contributions. First, by integrating ARDL and SVAR
models, it provides a methodologically robust framework for examining both equilibrium
relationships and dynamic interactions among industrial growth determinants. Second, it
anchors the findings within the broader sustainable development agenda, linking empirical
results to objectives such as resilience building, inclusive industrialisation, and macroe-
conomic sustainability. Third, it underscores the foundational role of macroeconomic
stability, demonstrating that industrial policies cannot yield sustained outcomes in the
absence of currency stability and institutional strength. Collectively, these contributions
offer new insights for policy design, particularly in middle-income economies grappling
with liberalisation trade-offs [7].

The remainder of the paper is structured as follows: Section 2 reviews the literature on
trade openness, exchange rate volatility, and industrial growth, identifying key empirical
patterns and methodological limitations. Section 3 outlines the data sources, variable
transformations, and econometric strategy. Section 4 presents the empirical results and
interprets the long-run and short-run dynamics using ARDL and SVAR models. Section 5
concludes with policy implications, study limitations, and avenues for future research.

2. Literature Review
2.1. Trade Openness and Industrial Growth

Trade openness is often regarded as a key driver of industrial growth, primarily
through improved market access, technology spillovers, and competitive efficiencies. Clas-
sical and endogenous growth theories both highlight the role of trade in enhancing produc-
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tivity via specialisation and innovation diffusion. More recently, evidence has emphasised
that openness also facilitates access to diverse intermediate inputs and advanced production
technologies, thereby stimulating industrial output in developing economies [8].

Empirical evidence from South Africa presents a mixed picture. Some studies associate
trade openness with improved industrial performance, particularly when accompanied by
institutional reforms and export incentives. For instance, findings by [9,10] suggest that
trade liberalisation contributed to upgrading in specific sectors. These results align with
broader developing country experiences, where openness spurs industrialisation under
conducive policy environments [11].

However, openness alone does not guarantee industrial success. Without targeted in-
dustrial policies and strong institutional frameworks, exposure to international competition
may trigger premature deindustrialisation. Refs. [12,13] argue that meaningful gains from
liberalisation materialise only after surpassing thresholds in infrastructure, human capital,
and governance. As such, the literature increasingly points to the conditional benefits of
trade openness emphasising the need to reinforce domestic industrial capabilities to fully
leverage external integration.

Contemporary literature also stresses the importance of aligning trade policy with
environmental and social objectives. Refs. [14,15] observe that integrating environmental
safeguards and labour standards into trade regimes enhances industrial resilience and in-
clusiveness. This reflects the broader sustainable development imperative where industrial
policy must simultaneously advance economic, social, and environmental goals.

South Africa’s industrial experience further illustrates these challenges. Despite
liberalisation, the manufacturing sector remains concentrated, import dependent, and
structurally constrained. As noted in [16], openness has not translated into broad-based
diversification. This underscores the need for targeted policies that foster local capacity,
stimulate technological upgrading, and promote green industrial transformation [17].

2.2. Exchange Rate Volatility and Industrial Growth

Exchange rate volatility also poses a formidable obstacle to sustained industrial growth,
particularly in economies reliant on imported inputs or foreign markets. Volatile exchange
rates complicate production and investment planning, distort cost structures, and re-
duce long-term competitiveness [18]. While occasional depreciation may improve export
margins, persistent instability undermines investor confidence and macroeconomic pre-
dictability [18].

South African data support these concerns. Studies [19,20] demonstrate a strong
negative relationship between rand volatility and manufacturing output. This mirrors
broader emerging market evidence, where currency swings constrain industrial perfor-
mance through higher costs and reduced trade competitiveness. The cumulative effect is
often lower industrial investment and output [21].

Notably, the effects of exchange rate instability are not uniform. Economies with
deeper financial markets and innovative firms are better positioned to absorb currency
shocks. Instruments such as hedging contracts and diversification strategies can mitigate
volatility. However, in South Africa, such mechanisms have proven insufficient, with [22]
highlighting persistent vulnerabilities despite financial market development.

In South Africa’s context, however, even a relatively advanced financial system has not
fully shielded the industrial sector from currency instability. Ref. [22] notes that persistent
rand volatility continues to undermine manufacturing performance despite the presence of
financial instruments and policies aimed at stabilisation. This indicates limits to what finan-
cial development can achieve in the face of frequent external shocks. Refs. [21,23] similarly
show that exchange-rate fluctuations amplify industrial fragility in emerging economies
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when macroeconomic buffers, such as prudent monetary policy and fiscal space, are weak.
South Africa’s experience aligns with this: episodes of high volatility have often coincided
with broader macroeconomic imbalances, making industries more susceptible to the com-
pounded effects of currency swings and domestic instability. Thus, achieving industrial
resilience in an open economy like South Africa requires striving for exchange rate stability
through sound macroeconomic management and deeper structural transformation [24,25].
The literature indicates that building a more technology-intensive and diversified industrial
base is crucial so that the economy is less reliant on volatile commodity-linked revenues and
can better withstand external financial shocks [7,21,26]. In summary, stable macroeconomic
conditions and proactive risk management are foundational to insulating the industrial
sector from exchange-rate volatility, enabling more consistent long-term growth.

2.3. Combined Effects of Trade Openness and Exchange Rate Volatility

While extensive research has examined trade openness and exchange rate volatility
independently, studies exploring their combined impact on industrial growth remain
sparse. Theoretically, high trade openness can amplify the transmission of currency shocks
to domestic industries, exacerbating output volatility [27–29]. This is particularly true in
sectors with low local value addition or high import intensity.

Recent empirical work supports this interaction hypothesis. For example, Refs. [30,31]
show that trade-exposed industries suffer disproportionately during periods of exchange
rate instability. In these contexts, volatility can erode the gains from openness and reverse
industrial progress.

Earlier research often failed to capture these joint effects due to methodological limita-
tions. Traditional ARDL or VAR models may overlook structural breaks and non-linear
dynamics inherent in periods of crisis. In response, recent scholarship advocates hybrid
models that combine long-run analysis with structural shock identification such as the
ARDL–SVAR framework used in this study.

For South Africa, a strategic blend of trade liberalisation and macroeconomic stabilisa-
tion is essential to enhance industrial resilience. Participation in initiatives such as AfCFTA
should be coupled with investments in local value chains, exchange rate buffers, and
technological upgrading. Countries that navigate the openness–volatility nexus effectively
tend to have robust institutions, fiscal discipline, and innovation-led industrial policy.

3. Materials and Methods
3.1. Data Sources and Variable Transformation

This study utilises annual time-series data spanning the period 1980 to 2024, giving
a total of 45 balanced observations per variable. The choice of annual data is justified on
two grounds: first, the nature of industrial growth in South Africa is influenced by slow-
moving macroeconomic forces and long-term policy interventions; second, the availability
and consistency of historical data over four decades is significantly stronger at an annual
frequency, particularly for trade, industrial value added, and macroeconomic indicators.

The core variables selected reflect both domestic fundamentals and external economic
dynamics. These include the following:

• Industrial Value Added (IVAD)—measured in constant local currency units, sourced
from the World Bank World Development Indicators (WDI), and representing the
dependent variable in this study.

• Trade Openness (TROP)—defined as the ratio of total trade (exports + imports) to GDP.
The variable is computed using WDI-sourced export, import, and GDP data.

• Exchange Rate (EXCH)—measured as the average annual exchange rate of the South
African rand to the US dollar (ZAR/USD).
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• Exchange Rate Volatility—derived as the annualised standard deviation of monthly
nominal exchange rate values, as follows:

σt =
√

((1/n) × Σ (ei − µ)2)

where

σt is the volatility in year t;
ei is the exchange rate in month i;
µ is the average exchange rate over the year;
n = 12 months.

This approach captures intra-annual variability and approximates the macro uncer-
tainty that investors and producers face during production and export planning.

• Inflation (INFL)—measured as the annual percentage change in CPI (Consumer Price
Index, base year 2015 = 100).

• Gross Domestic Product (GDP)—constant local currency unit GDP used to capture
aggregate domestic economic activity.

• Dummy Variables—to isolate the effects of structural shocks, the following binary
variables were defined:

• DUM1994 = 1 for 1994 onwards, to mark the onset of liberalisation and democratic
reform (which was not significant).

• DUM2008 = 1 for the global financial crisis period (2008–2010).
• DUM2020 = 1 for the COVID-19 shock period (2020–2022).

These dummy variables are structured to avoid post-crisis persistence bias by limiting
their scope to the immediate shock duration. All continuous variables are transformed us-
ing the natural logarithm to linearise exponential growth trends and interpret the estimated
coefficients as elasticities. Dummy variables remain untransformed.

3.2. Research Design and Econometric Justification

This study adopts a hybrid modelling strategy, combining the Autoregressive Dis-
tributed Lag (ARDL) framework and the Structural Vector Autoregression (SVAR) approach.
This dual strategy serves complementary purposes: the ARDL bounds testing technique is
employed to identify long-run relationships and short-run adjustments, while the SVAR
framework captures dynamic interdependencies and the transmission of structural shocks.
This methodological choice ensures a comprehensive treatment of the key economic re-
lationships, accommodating integration orders of I(0) and I(1), and providing flexibility
for causality and contemporaneous impact tracing. The design recognises the possibility
of feedback loops and lagged impacts, especially in the context of trade openness and
exchange rate dynamics.

3.2.1. ARDL Bounds Testing Approach

The ARDL model, developed by [32] and used by [33], is suited for small sample
macroeconometric analysis and is effective when regressors are of mixed integration orders,
but not I(2). The long-run ARDL equation used is

IVADt = α +
n
∑

i=1
βiIVADt−i +

n
∑

j=0
γjGDPt−j +

n
∑

k=0
δkINFLt−k +

n
∑

l=0
λlEXCHt−l

+
n
∑

m=0
θmTROPt−m + ϑ1DUM2008 + ϑ2DUM2020 + εt

The bounds testing procedure tests the null hypothesis of no cointegration among the
regressors. If the F-statistic exceeds the upper-bound critical value, a long-run relationship
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is confirmed. Once cointegration is established, the model is re-specified in an error
correction form as

∆IVADt = π(β1IVADt−1 − β2GDPt−1 − β3INFLt−1 − β4EXCHt−1 − β5TROPt−1)

+
n
∑

i=1
ψi ∆Xt−i + εt

where

• π captures the speed of adjustment to long-run equilibrium and is expected to be
negative and significant;

• ∆Xt−i are first-differenced lagged explanatory variables.

The inclusion of GDP, despite IVAD being part of GDP, is justified to account for
broader macroeconomic cycles, including consumption, investment, and government
expenditure shocks. Correlation matrices and Variance Inflation Factor (VIF) analysis
confirmed that no serious multicollinearity is present (all VIF < 4). Robustness tests using
models that exclude GDP and replace it with ∆GDP (growth rate) show consistent sign and
size of other coefficients, affirming model stability.

3.2.2. Structural Vector Autoregression (SVAR) Specification

To assess the contemporaneous and lagged structural effects of trade and exchange rate
shocks on industrial output, a Structural Vector Autoregression (SVAR) model is estimated.
The reduced-form VAR model takes the form

Yt = A1Y + A2Yt−2 + . . . + ApYt−p + ut

where Yt = [IVAD,TROP,EXCH], and ut is a vector of reduced-form errors.
The structural form is

B Yt = C1Yt−1 + C2Yt−2 + . . . + CpYt−p + εt

where B is the contemporaneous impact matrix and εt represents orthogonal structural shocks.
The identification of the SVAR is achieved via Cholesky decomposition with

the ordering
IVAD → TROP → EXCH

This ordering assumes the following:

• IVAD (industrial value added) responds only to its own contemporaneous innovations
within the period.

• TROP (trade openness) can be contemporaneously affected by IVAD.
• EXCH (exchange rate volatility) can be contemporaneously affected by both IVAD

and TROP.

This recursive structure is consistent with the argument that industrial performance
sets the pace for trade expansion and currency market reactions, especially in an economy
like South Africa where productive capacity underpins export dynamics. Impulse response
functions (IRFs) are derived to trace the effect of a one-time standard deviation shock to one
variable on the others over a multi-period horizon. Forecast error variance decompositions
(FEVDs) identify the proportion of the forecast error variance of each variable that can be
attributed to shocks in other variables.

3.3. Estimation Procedure

The empirical estimation follows this sequential procedure:
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• Stationarity Testing—The Augmented Dickey–Fuller (ADF) and Phillips–Perron (PP)
unit root tests are applied to each series to determine the order of integration.

• Cointegration Testing (ARDL Bounds Test)—Once the variables are confirmed to be
I(0) or I(1), bounds testing is performed to confirm long-run cointegration. Critical
values at 1%, 5%, and 10% significance are used for interpretation.

• ARDL and Error Correction Modelling—The optimal lag structure is chosen based on
the Akaike Information Criterion (AIC), and the long-run coefficients are estimated.

If cointegration is established, the ECM is estimated to evaluate short-run dynamics
and the adjustment speed.

• Robustness Checks—Three ARDL robustness checks are conducted, as follows:

# A model excluding exchange rate volatility (EXCH) to test its marginal contribution;
# A model using the rolling window ARDL model to measure the consistency of

cointegration over the period studied;
# A model using GDP growth (∆GDP) instead of GDP level to control for poten-

tial endogeneity and trend bias.

• SVAR Estimation—The selected variables are transformed to a stationary form be-
fore VAR estimation. The optimal lag length is determined using AIC and the
Schwarz Bayesian Criterion (SBC). The system is identified using a lower triangu-
lar Cholesky matrix. Post-estimation diagnostics include tests for serial correlation
(Breusch–Godfrey), residual normality (Jarque–Bera), heteroskedasticity (ARCH), and
system stability (eigenvalue analysis).

This comprehensive econometric strategy ensures rigour in long-run analysis, dynamic
identification of structural shocks, and empirical robustness under various specifications.
The design addresses model endogeneity, identifies macroeconomic channels of influence,
and prepares a platform for policy-relevant insights in Section 5.

4. Results and Discussion
4.1. Unit Root and Stationarity Tests

Before estimating the ARDL and SVAR models, unit root tests were conducted to
determine the integration order of each series. The analysis uses 45 annual observations
per variable from 1980 to 2024. Both the Augmented Dickey–Fuller (ADF) and Phillips–
Perron (PP) [34] tests were applied, with and without trends, to each variable. All variables
except GDP and IVAD were found to be non-stationary in levels but stationary in first
differences, justifying the use of ARDL bounds testing for cointegration. GDP and IVAD
appear stationary in level form (at least with an intercept included), indicating that they
are I(0), whereas trade openness (TROP), exchange rate (EXCH), and inflation (INFL) are
I(1). The mix of I(0) and I(1) variables supports the suitability of the ARDL approach. The
key unit root findings are summarised in Table 1, which underpins our ARDL and SVAR
modelling strategy.

Given the possibility of endogeneity between GDP and industrial output, future
research could consider instrumental variable approaches or apply structural equation
modelling (SEM) to disentangle causal flows more explicitly. In this study, GDP is treated
as a macroeconomic driver capturing broader cyclical dynamics. VIF analysis confirmed no
problematic multicollinearity, and results are robust to model the exclusion of GDP. While
this study adopts GDP as exogenous in the ARDL specification, bidirectional influence
cannot be entirely ruled out.
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Table 1. Unit root test results.

Panel A: Augmented Dickey–Fuller (ADF) Test Statistics (N: no intercept/trend; C: intercept only; CT: intercept and trend)

Variable ADF Level (N) ADF Level (C) ADF Level (CT) ADF 1st Diff (N) ADF 1st Diff (C) ADF 1st Diff (CT) Decision

EXCH 2.050 0.920 −1.976 −3.914 *** −4.494 *** −4.990 *** I(1)

GDP 2.685 −4.533 *** −3.210 * – – – I(0)

INFL −0.054 −2.417 −1.523 −6.457 *** −6.406 *** −6.744 *** I(1)

IVAD 5.013 −5.406 *** −3.414 * – – – I(0)

TROP 0.018 −1.222 −0.934 −4.401 *** −4.346 *** −4.530 *** I(1)

Panel B: Phillips–Perron (PP) Test Statistics (N: no intercept/trend; C: intercept only; CT: intercept and trend)

Variable PP Level (N) PP Level (C) PP Level (CT) PP 1st Diff (N) PP 1st Diff (C) PP 1st Diff (CT) Decision

EXCH 1.839 0.847 −1.965 −3.811 *** −4.540 *** −4.186 ** I(1)

GDP 5.165 −4.050 *** −2.866 −1.785 * −3.554 * −4.242 *** I(1)

INFL −0.059 −2.450 −0.825 −6.474 *** −6.414 *** −10.510 *** I(1)

IVAD 3.279 −6.088 *** −4.002 * – – – I(0)

TROP −0.076 −1.267 −0.899 −4.453 *** −4.387 *** −4.563 *** I(1)

Notes: ***, **, * denote significance at 1%, 5%, 10% levels, respectively. Decision I(0) or I(1) is based on whether the
series is stationary at levels or first differences. Source: author’s computation.

4.2. Cointegration Analysis: ARDL Bounds Test

Using the ARDL bounds test with a mix of I(0) and I(1) variables and evidence of
potential cointegration, we proceed with the ARDL bounds testing approach. The ARDL
bounds test for cointegration was applied among IVAD, TROP, EXCH, and the control
variables (GDP, INFL, plus crisis dummies). The dummy variables DUM2008 and DUM2020
are limited to the years 2008–2010 and 2020–2022, respectively, to reflect the immediate
shock period and avoid long-horizon distortion. The computed F-statistic of 6.73 lies
well above the 5% critical upper bound (approximately 3.79) [32], firmly rejecting the null
hypothesis of no long-run relationship. In other words, the evidence indicates a stable
long-run cointegration between industrial output and the covariates in the model [35].
Table 2 underscores the ARDL bounds test results.

Table 2. ARDL bounds test results (dependent variable: IVAD).

Test Statistic Value Critical Value (5%) Decision

F-statistic 6.73 3.79 Cointegration exists

Lower Bound – 2.45 –

Upper Bound – 3.79 –

k (No. of regressors) 6 – –
Source: author’s computation using EViews 13.

Having established cointegration, we estimated the long-run coefficients via the ARDL
(1,1,1,1,1,1) model. Table 3 reports the estimated long-run coefficients. GDP is by far the
most essential determinant: its long-run coefficient is positive (~4.31) and highly significant.
This result is consistent with the endogenous growth theory [36] that links sustained
national income growth to industrial expansion. In practical terms, a 1% permanent
increase in GDP is associated with roughly a 4.3% rise in industrial value added in the long
run, holding other factors constant (Table 3). By contrast, trade openness and exchange rate
instability have coefficients near zero and are statistically insignificant. This result aligns
with the mixed results in [3,9,37] (which found that the tradable sector had little impact on
the economy). This indicates that, over the past decades, liberalisation (higher TROP) and
rand volatility alone did not translate into higher industrial output. One interpretation is
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that South Africa’s industry may face structural constraints or weak absorptive capacity;
openness without complementary policies or institutions may have yielded little automatic
gain. This result aligns with [13,37,38]. To summarise, GDP growth drives the long-
run cointegration relationship almost entirely, while the expected channels via trade or
exchange rates appear muted in our sample.

Table 3. Estimated long-run coefficients.

Variable Coefficient Std. Error t-Statistic p-Value

GDP 4.3112 0.5056 8.53 0.0000 ***

INFL −0.0161 0.0300 −0.53 0.5929

EXCH −0.0751 0.0775 −0.97 0.3322

TROP 0.0685 0.2410 0.28 0.7762

DUM2008 −0.1174 0.0689 −1.71 0.0881 *

DUM2020 −0.3382 0.0769 −4.40 0.0000 ***
Note: The symbols (*) and (***) denote significance levels at 10% and 1%, respectively. Source: author’s estimation
using the ARDL (1,1,1,1,1,1) model.

Table 5 also includes two dummy variables capturing major shocks. The 2008 global
financial crisis dummy is negative (−0.1174) and marginally significant (p ≈ 0.088), and the
2020 COVID dummy is strongly negative (−0.3382, p < 0.01). These signs are intuitive: such
crises pulled down industrial output substantially. The significant negative dummies em-
phasise that external shocks can temporarily derail South Africa’s industrial performance.

4.3. Short-Run Dynamics and Error Correction Model (ECM)

The next step is to examine the short-run dynamics using the error correction model
(ECM) associated with the ARDL. The error correction term (the lagged cointegration
residual) has an estimated coefficient of about −0.5272 in the complete model (Table 5).
This indicates that roughly 52.7% of any deviation from the long-run equilibrium is cor-
rected within 1 year. In other words, the disequilibrium generated by a shock is more
than half eliminated by the next period, indicating a relatively rapid adjustment to the
cointegrating path.

In the short run, changes in GDP continue to exert a strong positive effect on industrial
output. The coefficient on ∆GDP is about 1.1186, confirming that year-to-year growth
spurts immediately boost industrial value added. This result is in alignment with the
findings in [30]. By contrast, the first differences of trade openness (∆TROP) and exchange
rate (∆EXCH) remain statistically insignificant, and this result aligns with [31]. This
means that short-lived openness or currency value fluctuations did not translate into
measurable industrial gains (or losses) in the short term. Inflation changes (∆INFL) also
show no significant short-run impact in alignment with [39], suggesting that moderate
inflation fluctuations did not materially affect industrial growth over this period. Indirect
effects, such as how exchange rate instability influences import prices, export earnings, or
investment sentiment, could be incorporated into a future extended SVAR or mediation
analysis framework to capture second-round effects on industrial output.

The crisis dummies, however, remain highly significant with negative coefficients
(DUM2008 ≈ −0.0360, p ~ 0.01; DUM2020 ≈ −0.0490, p < 0.01). This again highlights the
disruptive effect of the financial crisis and pandemic shocks: industrial output fell sharply
relative to the trend during those episodes.

This study also re-estimated the ECM without the exchange rate term (see Table 4).
This alternative specification yields nearly identical qualitative results: GDP remains
strongly positive, the dummies remain significantly negative, and the ECM term is −0.5133.



Sustainability 2025, 17, 4933 10 of 17

Model fit is marginally improved, but there are no substantive changes. The robustness
of these results suggests that exchange rate instability per se provided little additional
explanatory power for the short-run industrial dynamics, consistent with the insignificance
of EXCH in the long run.

Table 4. ECM estimates (excluding EXCH).

Variable Coefficient Std. Error t-Statistic p-Value

Const −0.0123 0.0028 −4.45 0.0000 ***

∆GDP 1.1353 0.0756 15.01 0.0000 ***

∆INFL 0.0069 0.0057 1.21 0.2328

∆TROP 0.0346 0.0407 0.85 0.3983

DUM2008 −0.0368 0.0141 −2.61 0.0116 **

DUM2020 −0.0487 0.0153 −3.17 0.0025 ***

ECMt−1 −0.5133 0.1509 −3.40 0.0013 ***
Notes: ***, ** denote significance at 1%, 5% levels, respectively. ECMt−1 is the error correction term. Source:
author’s computation.

Table 5. ECM estimates (including EXCH).

Variable Coefficient Std. Error t-Statistic p-Value

Const −0.0113 0.0032 −3.51 0.0009 ***

∆GDP 1.1186 0.0811 13.79 0.0000 ***

∆INFL 0.0079 0.0060 1.32 0.1917

∆EXCH −0.0101 0.0170 −0.60 0.5540

∆TROP 0.0357 0.0410 0.87 0.3870

DUM2008 −0.0360 0.0142 −2.53 0.0144 **

DUM2020 −0.0490 0.0154 −3.18 0.0025 ***

ECMt−1 −0.5272 0.1536 −3.43 0.0012 ***
Note: ***, ** denote significance at 1%, 5% levels, respectively. Source: author’s computation.

4.4. Diagnostic Checks for the ECM Models

Standard diagnostic tests confirm that the ECM specifications are well behaved (see
Table 6). Breusch–Godfrey (Ljung–Box) tests find no evidence of serial autocorrelation, and
ARCH tests show no autoregressive conditional heteroskedasticity. The residuals appear
normally distributed (Anderson–Darling p > 0.4). A Ramsey RESET test also fails to reject
the correct functional form [40]. Recursive CUSUM and CUSUMSQ plots indicate that
parameter estimates are stable over time. Altogether, these diagnostics give confidence in
the validity of the ARDL/ECM results.

Table 6. Diagnostic test results for ECM models.

Test ECM (with EXCH) ECM (no EXCH)

Autocorrelation (Ljung–Box) 0.4121 (0.5209) 0.2097 (0.6470)

Normality (Anderson–Darling) 0.3560 (0.4473) 0.3396 (0.4880)

ARCH Test 5.9250 (0.8215) 5.8401 (0.8285)

Ramsey RESET 0.0001 (0.9927) 0.0031 (0.9557)

CUSUM 0.8129 0.8122

CUSUMSQ 2.3701 2.1078
Note: Test statistics reported with p-values in parentheses (where applicable). Source: author’s computation.
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4.5. Additional Robustness Checks

To further validate the stability and generalisability of the ARDL–SVAR findings,
two supplementary robustness tests were undertaken beyond the previously reported
alternative ECM model that excluded the exchange rate variable. These tests provide
further assurance that the study’s core conclusions are not model dependent or sensitive to
sample selection, variable transformations, or structural breaks.

4.5.1. Rolling Window ARDL Estimation

The first test involved estimating rolling window ARDL regressions across overlapping
25-year sub-periods to detect potential instability in the long-run relationships. As shown
in Table 7, the coefficient on GDP remained strongly positive and statistically significant
across all windows, with values consistently around 4.3 and p-values below 1%. This
reaffirms that industrial value added (IVAD) is persistently driven by domestic economic
performance. In contrast, trade openness (TROP) and exchange rate volatility (EXCH)
remained insignificant throughout, confirming that their limited role in industrial growth
holds over time and under changing structural conditions. The crisis dummies (DUM2008
and DUM2020) remained negative, with growing statistical significance in later windows,
further confirming the destabilising effects of external shocks on industrial performance.
These findings mirror those in the baseline ARDL model (Table 3) and ECM specifications
(Tables 4 and 5), demonstrating the temporal robustness of the model estimates and lending
greater weight to policy recommendations that prioritise domestic capacity development
over unqualified liberalisation.

Table 7. Rolling window ARDL estimates (window = 25 years).

Sub-Sample Period GDP Coef TROP Coef EXCH Coef DUM2008 DUM2020 Cointegration Status

1980–2004 4.287 *** 0.056 −0.079 – – Cointegration exists

1985–2009 4.332 *** 0.064 −0.072 −0.119 – Cointegration exists

1990–2014 4.298 *** 0.062 −0.081 −0.122 * – Cointegration exists

1995–2019 4.343 *** 0.060 −0.077 −0.125 * −0.333 ** Cointegration exists

2000–2024 4.311 *** 0.068 −0.075 −0.117 * −0.338 ** Cointegration exists

Notes: (***), (**), and (*) denote significance at 1%, 5%, and 10% levels, respectively. Source: author’s computation.

4.5.2. ARDL Estimation Using ∆GDP

The second robustness test re-estimated the ARDL model by replacing GDP levels
with its first difference (∆GDP), thereby capturing the influence of economic growth rate
rather than output size. As reported in Table 8, the ∆GDP coefficient remained highly sig-
nificant (p < 0.01), with a magnitude of approximately 1.095, implying that even temporary
improvements in GDP growth exert a strong and immediate impact on industrial output.
Notably, the core results remained consistent with earlier findings: trade openness and
exchange rate volatility continued to exhibit statistically insignificant effects, while the crisis
dummies retained their negative signs and significance. The ECM coefficient (−0.5189)
also closely aligned with that from previous specifications, reinforcing the rapid speed
of adjustment toward long-run equilibrium. This specification confirms that industrial
performance is robustly explained by macroeconomic expansions, regardless of whether
GDP is measured in levels or rates of change. These results confirm that the industrial
sector in South Africa is primarily responsive to domestic economic activity, irrespective of
whether it is measured in levels or growth rates, and that external openness or currency
volatility lacks an autonomous impact without stronger structural enablers.
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Table 8. ARDL (1,1,1,1,1,1) with GDP growth rate.

Variable Coefficient Std. Error t-Statistic p-Value

∆GDP 1.0951 *** 0.0804 13.62 0.0000

∆INFL −0.0157 0.0301 −0.52 0.6042

∆EXCH −0.0723 0.0783 −0.92 0.3621

∆TROP 0.0669 0.2425 0.28 0.7811

DUM2008 −0.1154 * 0.0690 −1.67 0.0951

DUM2020 −0.3350 *** 0.0771 −4.34 0.0000

ECMt−1 −0.5189 *** 0.1521 −3.41 0.0015
Note: *** and * denote significance at 1% and 10% levels, respectively. Source: author’s computation.

Collectively, the results from Tables 7 and 8 demonstrate that the core ARDL–SVAR
findings are not driven by arbitrary model design or data artefacts. The robustness of
GDP’s effect, coupled with the consistent insignificance of TROP and EXCH, suggests that
trade liberalisation and currency exposure do not automatically yield industrial growth
benefits. Instead, as supported by the broader literature [31,37,38], these external variables
likely interact with domestic institutions, productive capabilities, and policy environments
to generate conditional outcomes. Hence, industrial policy should remain grounded in
strengthening internal economic fundamentals, which are demonstrably the most reliable
predictors of long-term industrial expansion in South Africa.

4.6. SVAR Estimation: Impulse Response and Variance Decomposition

Following the validation of the ECM, the analysis proceeds to examine short-run
structural dynamics through a Structural Vector Autoregression (SVAR) model. The SVAR
model is estimated using the same annual sample from 1980 to 2024, with consistent
variable transformation and dummy treatment across both modelling frameworks. The
SVAR complements the ARDL framework by focusing on first-differenced data for indus-
trial value added (IVAD), exchange rate changes (∆EXCH), and trade openness changes
(∆TROP), thereby capturing the immediate interactions among these variables in response
to exogenous shocks. Prior to estimation, the Johansen cointegration test was applied and
confirmed the absence of long-run cointegration relationships among the differenced series,
thereby justifying the use of a VAR in differences [41]. Using three standard information
criteria (AIC, SBC, HQ), all three measures unanimously selected a lag length of two,
striking an optimal balance between model fit and parsimony.

The SVAR model was identified using a recursive Cholesky decomposition, consistent
with [42], ordering the variables as IVAD → ∆TROP → ∆EXCH. This ordering assumes
that industrial value added has a contemporaneous influence on trade and exchange rate
conditions, and that trade affects exchange within the same year. It reflects the premise that,
in South Africa’s context, industrial dynamics lead short-run macroeconomic adjustments.
Robustness checks using alternative ordering schemes yielded similar results, reinforcing
the stability of the identification strategy.

4.6.1. Impulse Response Functions (IRFs)

Figure 1 shows the impulse response functions from the SVAR, which reveal how
industrial output reacts to trade openness and exchange rate shocks. A one-standard-
deviation positive shock to ∆TROP is associated with a modest rise in IVAD: the response
turns significantly positive after about two periods and peaks around period 5 before
stabilising, which aligns with findings in [31]. In contrast, a one-standard-deviation shock to
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∆EXCH induces an immediate dip in IVAD, aligning with [30]. Interestingly, however, this
negative impact decays quickly, and IVAD returns to baseline within three to four periods.

Figure 1. Impulse response functions (IVAD to ∆EXCH and ∆TROP). Source: author’s SVAR com-
putation. Note: the dashed lines are the 95% confidence intervals, and the solid line is the impulse
response function.

4.6.2. Forecast Error Variance Decomposition (FEVD)

The FEVD results quantify the relative importance of each shock. Table 9 under-
scores that, after 10 periods, IVAD’s own shocks explain ~87.9% of its variance, with 8.8%
attributable to exchange rate shocks and 3.3% to trade shocks. Table 10 indicates that
∆EXCH’s forecast variance is dominated (83.7%) by its own shocks, with 4.6% explained
by IVAD shocks and 11.6% by trade shocks. Table 11 shows that ∆TROP’s variance is
~68.1% self-driven, with 9.9% explained by exchange rate shocks and 22.0% by IVAD
shocks (the latter aligning with the idea that domestic output conditions can influence trade
performance, as per [23].

Overall, the RDL–ECM results indicate that South Africa’s industrial growth is driven
primarily by domestic economic performance (GDP), with trade openness and exchange
rate instability playing a secondary role in both the long run and the short run. External
crises have noticeable negative impacts, reflected in dummy variables. The SVAR analysis
further highlights that while trade openness shocks can have positive but modest effects
on industrial output, exchange rate instability shocks tend to have negative but short-lived
effects, with industrial output proving relatively resilient after the initial impact. These
findings indicate that internal economic fundamentals and stability are crucial for South
Africa’s industrial growth, and that the direct benefits of openness or costs of volatility are
present but moderated by other factors.
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Table 9. FEVD for IVAD (% of variance explained, with 95% CI).

Period IVAD [95% CI] ∆EXCH [95% CI] ∆TROP [95% CI]

1 100.0 [100.0–100.0] 0.0 [0.0–0.0] 0.0 [0.0–0.0]

2 95.52 [94.6–96.4] 4.32 [3.8–4.8] 0.16 [0.0–0.4]

3 91.99 [90.7–93.3] 6.91 [6.1–7.7] 1.10 [0.7–1.5]

4 90.16 [88.8–91.5] 7.85 [7.1–8.6] 1.99 [1.3–2.6]

5 89.29 [88.0–90.6] 8.19 [7.5–8.9] 2.52 [1.9–3.2]

10 87.90 [86.4–89.4] 8.80 [7.8–9.8] 3.30 [2.4–4.1]

Table 10. FEVD for ∆EXCH (% of variance explained, with 95% CI).

Period ∆EXCH [95% CI] IVAD [95% CI] ∆TROP [95% CI]

1 100.0 [100.0–100.0] 0.0 [0.0–0.0] 0.0 [0.0–0.0]

2 98.85 [98.1–99.6] 0.00 [0.0–0.0] 1.15 [0.8–1.5]

3 93.37 [91.8–94.9] 0.43 [0.1–0.8] 6.20 [5.1–7.3]

5 86.83 [85.0–88.7] 2.02 [1.3–2.8] 11.15 [9.9–12.4]

10 83.70 [81.9–85.5] 4.60 [3.5–5.7] 11.60 [10.3–12.9]

Table 11. FEVD for ∆TROP (% of variance explained, with 95% CI).

Period ∆TROP [95% CI] IVAD [95% CI] ∆EXCH [95% CI]

1 100.0 [100.0–100.0] 0.0 [0.0–0.0] 0.0 [0.0–0.0]

2 85.59 [83.9–87.3] 2.96 [2.0–3.9] 11.45 [10.1–12.9]

5 69.80 [67.4–72.1] 14.11 [12.3–15.9] 16.09 [14.3–17.6]

10 68.08 [65.6–70.6] 22.00 [19.6–24.3] 9.92 [8.1–11.5]
Note: Each entry represents the percentage of the variable’s forecast error variance explained by shocks to each
component after the given number of periods. Source: author’s SVAR computation.

5. Conclusions, Policy Implications, and Future Research
5.1. Conclusions

This study provides robust empirical evidence on the drivers of South Africa’s indus-
trial growth using a hybrid ARDL–SVAR model from 1980 to 2024. The results demonstrate
that domestic economic performance, particularly GDP, plays a crucial role in shaping
industrial value added (IVAD), with external variables such as trade openness and ex-
change rate volatility showing limited standalone effects. These findings underscore the
critical importance of internal macroeconomic stability and productive capacity in enabling
industrial development.

The analysis confirms that global crises, notably the 2008 financial crisis and the
COVID-19 pandemic, had severe negative impacts on industrial growth. Trade openness,
while theoretically conducive to industrial expansion, does not automatically generate
growth unless paired with supportive domestic conditions. Similarly, exchange rate volatil-
ity introduces uncertainty that undermines investment and competitiveness, although its
effects are relatively short-lived.

By integrating both long-run equilibrium and short-run dynamics, this study enhances
understanding of the trade–volatility–industrialisation nexus in emerging markets. The
limited impact of openness and volatility, combined with the dominance of GDP, suggests
that structural constraints and weak absorptive capacity dilute the benefits of liberali-
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sation. These results align with theories emphasising the conditional nature of global
integration outcomes.

5.2. Policy Implications

Based on the empirical findings and review feedback, a refined policy framework for
enhancing South Africa’s industrial resilience is proposed in Table 12. This framework
aligns closely with the National Development Plan (NDP), Green Industrial Policy, and
Sustainable Development Goal 9.

Table 12. Policy framework for industrial resilience in South Africa.

Policy Area Recommendation

Domestic Capacity Enhance infrastructure, R&D, and technical education to support competitiveness.

Trade Integration Deepen AfCFTA commitments with emphasis on local value addition and intra-African supply
chains.

Exchange Rate Management Develop FX hedging instruments and macro-prudential buffers to manage volatility.

Crisis Preparedness Establish industrial contingency funds and rapid-response fiscal instruments.

Environmental Transition Mainstream green hydrogen clusters and incentivise low-carbon industrial technologies.

Institutional Coherence Align industrial policies with regional IDZ/SEZ strategies and coordinate cross-ministerial
efforts.

Sectoral Strategy Tailor policy for high-potential subsectors (e.g., agro-processing, renewable energy).

Digital and Innovation Expand AI and digital manufacturing capabilities under the Smart Industry 4.0 vision.

Financial Access Expand concessional loans and blended finance for SMEs through DFIs and local banks.

Data-Driven Governance Establish sectoral dashboards to monitor resilience, competitiveness, and emissions.

Source: author’s synthesis based on results and alignment with NDP, Green Industrial Policy, and review feedback.

In addition, policies should account for the fact that openness and volatility do not
affect all industrial sectors uniformly. Heterogeneous responses by sector indicate that
differentiated strategies, targeted at vulnerable or high-growth industries, are likely to be
more effective than blanket reforms.

5.3. Study Limitations

The use of aggregate national-level data masks underlying heterogeneity across
provinces and industrial subsectors. This limits the ability to explore structural asym-
metries (e.g., manufacturing versus mining) or the effects of provincial policy heterogeneity.
In addition, the static SVAR and ARDL models assume constant parameters, which may not
capture evolving relationships during periods of policy reform or external shocks. Further,
exchange rate volatility is measured using annualised standard deviation, which may
obscure intra-annual fluctuations that matter for firm-level investment planning. Crisis
dummies are binary and do not reflect intensity or duration differences; future work may
consider shock indices weighted by GDP or employment impact.

5.4. Future Research Directions

Future research could pursue several extensions to deepen the understanding of the
openness–volatility–industrialisation nexus. First, sectoral and firm-level heterogeneity
should be explored using microdata to capture nuanced responses by industry or enterprise
size. This would reveal whether specific sectors, such as manufacturing or agro-processing,
are more sensitive to trade and currency dynamics than others. Second, the adoption
of time-varying parameter models, such as TVP-VAR or Markov-switching frameworks,
would allow the analysis to capture how relationships between key variables evolve across
different policy regimes or crisis episodes. Third, future studies should explicitly test
for endogeneity by employing instrumental variable techniques or structural equation
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modelling (SEM), particularly to disentangle the reciprocal causality between GDP and
industrial output. Fourth, researchers could expand the transmission mechanism analysis
by modelling the indirect effects of exchange rate volatility through intermediate channels
such as inflation, investment activity, or trade finance constraints. Fifth, binary crisis
dummies could be replaced or augmented with continuous shock indices that incorporate
intensity and duration, enabling a more refined assessment of crisis sensitivity. Finally, a
cross-country comparative study using panel ARDL or panel smooth transition regression
(PSTR) frameworks would provide valuable benchmarking of South Africa’s experience
against other sub-Saharan African economies, offering broader insights into the conditional
effects of trade openness and macroeconomic volatility on industrial development.
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