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Abstract

The South African exchange rate has been volatile in recent years affecting the competi-
tiveness of commodities in the market. Consequently, South African agricultural exporters
have faced lower profitability or entire losses. More South Africa is among the top agri-
cultural exporters in Africa. Thus, the purpose of this study was to examine the effect
of exchange rate volatility on agricultural exports in South Africa using the Exponential
Generalized Autoregressive Conditional Heteroskedastic (EGARCH) model over the pe-
riod extending from first quarter of 2013 to first quarter of 2024. The study finds that the
exchange rate affects agricultural export negatively in South Africa. The findings display
that the exchange rate is statistically significant in explaining agricultural exports in South
Africa. In addition, this study finds interest rate affects agricultural exports negatively
whereas investment and trade openness affect agricultural export positively in South Africa.
This infers that agricultural exports in South Africa are explained by various economic
factors. Therefore, this study proposes implementing currency stabilisation policies is a
crucial strategy to reduce exchange rate volatility, thereby reducing the negative impact on
agricultural exports in South Africa. The policymakers can use currency hedging as tool to
lessen the negative impact associated with the exchange rate volatility.

Keywords: agricultural; exports; exchange rate; South Africa; EGARCH; time-series
analysis

1. Introduction

The exchange rate is a crucial macroeconomic factor, which has sparked numerous
debates among policymakers and academics due to its significant impact on the overall
economy. Policymakers frequently face the challenge of selecting a suitable exchange rate
system that connects the domestic economy to the global economy. Nevertheless, there
is uncertainty in the literature regarding how real exchange rates affect macroeconomic
variables (Dagume, 2022). Since South Africa switched from the Bretton Woods era to
a floating exchange rate system, the volatility of the Rand has been a significant cause
for concern.

As indicated in Kabundi and Mbelu (2018), the rand is widely known for its high
level of instability in the international currency market, being exchanged in high quantities
worldwide, and serving as a representation of investments in emerging markets. In the
years leading up to the end of 2023, the rand has seen fluctuations in its exchange rate with
the dollar. During 2020, the Rand’s average trading price against the dollar was R16.46,
which experienced a decrease of approximately 13.91 percent in comparison to the prior
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year. In 2021, the Rand strengthened against the dollar, trading at an average of R14.78, an
increase of approximately 11.36 percent. This was later followed by a depreciation with
the Rand trading at R16.36 in 2022 and R18.46 in 2023 (World Bank, 2023). Instabilities
in exchange rates can deeply affect the ability commodities to compete in the market.
When the domestic currency improves, values of commodities surge for foreign purchasers,
potentially decreasing demand and reduce export capacity or vice versa.

According to Pamba (2023), agricultural exporters in South Africa have been encoun-
tering the challenge of decreased profits or total losses because of the Rand’s exchange
rate instability in the recent years leading up to 2023. A fluctuating Rand has caused
challenges for agricultural exporters in determining consistent product prices, resulting in
decreased competitiveness and market share. Additionally, according to Sihlobo (2023),
agricultural producers in South Africa rely on importing around 80 percent of necessary
inputs like seeds, fertilizers, machinery, and fuel. The instability of the exchange rate has
caused challenges in budgeting and planning in terms of imported input prices, leading to
higher production costs, lower profitability, and a negative effect on export competitiveness
(Pamba, 2023). Reduced competitiveness led to a decline in export revenue in South Africa,
impacting the trade balance negatively and putting pressure on the country’s balance
of payments. This has resulted in a decrease in foreign exchange reserves and slower
economic growth.

Figure 1 exhibits the trend of exchange rate and the performance of agricultural exports
in South Africa over the period from 2013Q1 to 2024Q4. Since 2013, the real exchange
rate has experienced periods of cyclical fluctuation with depreciation period followed by
appreciation, indicating the existence of volatility. The real exchange depreciated between
2013 and 2015 with index decreasing 86.57 in 2013Q1 to 74.67 in 2015Q4, while period
from 2016Q1 and 2018Q1 saw the real exchange rate increasing from an index of 64.68 to
80.87. The period from 2018Q2 to 2024Q1 the real exchange rate has been increasing and
decreasing. Meanwhile, the performance of agricultural exports has been on upward trend
and downward trend since 2013, however, the value of agricultural exports has increased
from approximately R19 million in 2013Q to R57 million in 2024Q1.
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Figure 1. The trend of exchange rate and the performance of agricultural exports in South Africa.
Source: Researcher’s plot using data from Trade map and international monetary fund.
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Despite these challenges, the dualistic agricultural sector in South Africa is char-
acterized by a considerable number of subsistence farms coexisting with an advanced
commercial farming sector, with nearly one-third of total production going overseas. Ac-
cording to Fischer and Tramberend (2019) agricultural sector is significant exporter and
producer in South Africa. The economy benefits from its ups and downs links, making it
a major contributor to growth. Agriculture in South Africa remains a key contributor to
employment particularly in rural regions (Mnkeni et al., 2019). Moreover, agriculture has a
significant role in ensuring food security, economic development and growth, and commu-
nity wellbeing. Consequently, investigating factors that influence agricultural exports in
developing countries is important.

Exchange rate volatility is a significant element in global trade, particularly for com-
modity exports. Therefore, several researchers have investigated this problem. With studies
by Ahmad et al. (2021), Ekanayake and Dissanayake (2022), Mpungose et al. (2023) focusing
on aggregate exports. However, studies conducted by Alegwu et al. (2018), Ngondo and
Khobai (2018), Okoh and Nwakwanogo (2024), Udo and Joshua (2022), and Wanzala et al.
(2024) have provided specific sector analysis. These studies found contradicting results.
For instance, Okoh and Nwakwanogo (2024) found that the exchange rate positively affects
agricultural export in Nigeria, however, Alegwu et al. (2018) found that the exchange rate
negatively affects agricultural export. Therefore, this demonstrates there is no agreement
on how exchange rate fluctuations affect exports. Moreover, limited studies have investi-
gated the effects of exchange rate fluctuations on exports in South Africa particularly for
agricultural sector (Maphalle & Oyekale, 2023). Hence, this study contributes to existing
literature in the following manner: This study will extend existing literature by analysing
the impact of exchange rate volatility on South Africa’s agricultural exports, thereby pro-
viding a sectoral prospective as opposed to a holistic prospective. This study focuses on
agricultural exports rather than aggregate exports. In addition, this study is among the few
to utilise EGARCH model to analyse the impact of exchange rate volatility on South Africa’s
agricultural exports. EGARCH model has several merits over the GARCH, for instance,
its exponential specification removes the restriction on positive constraint between the
parameters, and it captures the asymmetries in time series data (Jiang, 2020). In addition,
the focus on South Africa, is motivated by its exchange rate volatility as this influences
the competitiveness of commodities in market. South Africa is among top agricultural
exporters in Africa. Moreover, agriculture plays an important role in the South African
economy; i.e., the value of agricultural production in 2022 was approximately R419 million
meanwhile its contribution to GDP was around R145 million. Importantly, the agricultural
section has expanded since 2008, and this has resulted in an upsurge in agricultural sec-
tor’s share of GDP from 2.2% in 2009 to 2.4% in 2022 (Department of Agriculture, Land
Reform and Rural Development, 2022). The study provides evidence of the influence of
the exchange rate volatility on South Africa’s agricultural exports. These findings will aid
policymakers with insights into the influence of the exchange rate on agricultural exports,
prompting currency stability.

The study consists of the following sections: a review of applicable literature, method-
ology and data description, presentation and interpretation of the results, and a concluding
section that delineates key findings and policy implications.

2. Literature Review

The purpose of this section is to analyse existing theories and empirical literature on
the subject matter. This section is divided into two subsections: Theoretical framework and
literature review.
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2.1. Theoretical Framework

The section explores economic theories focused on explaining the link between the
exchange rate and exports. There are numerous theories that inform the connection between
the exchange rate and exports, however, this study focuses on two theories namely the
monetary approach to exchange rate and the Marshall-Lerner Condition theory.

2.1.1. The Marshall-Lerner Condition Theory

The Marshall-Lerner condition theory was pioneered by Alfred Marshall in 1890. It
was advanced by Abba Lerner in 1933 and Joan Robinson in 1937, who offered an inclusive
description of the conditions under which depreciation can improve a country’s trade
balance and establish the related elasticity (Soliman, 2024). The trade balance of a country
is influenced by the difference in value of its imports and exports. Each item’s value is
determined by the price multiplied by the quantity. This theory posits that a depreciation of
the nation’s currency will result in decreased prices, thus increasing exports and decreasing
imports. In agricultural exports, this implies that an agricultural product becomes cheaper
for foreign buyers, hence increasing demand. The trade balance will get better only if there
is a larger rise in export or import quantities than the drop in prices. Consequently, there
is a need for either an increase in export volumes or a decrease in import volumes. For a
devaluation to effectively improve a nation’s trade balance, the Marshal-Learner condition
states that the total of these elasticities in absolute terms must exceed one (Bahmani et al.,
2013). However, this theory was questioned for not addressing trade balances denominated
in foreign currency (Soliman, 2024).

2.1.2. The Monetary Approach to Exchange Rate

During the 1970s, the monetary approach to exchange rate determination was estab-
lished by economists Robert Mundell, Harry G. Johnson, and Rudiger Dornbusch. It uses
the theory of purchasing power parity to regulate exchange rates through money supply
and demand. This theory expands on the purchasing power parity concept by focusing
on the nominal exchange rate concept and linking it to monetary ideologies (Cushman,
2000). It assumes that changes in the rate of money supply influence the exchange rate
and inflation. For instance, an increase in local money supply inflates local prices causing
the value of local currency to decline. Under purchasing power parity theory, a weaker
local currency infers that local commodities become inexpensive for foreign buyers, thus
stimulating exports. Linking this approach to exports, it suggests that adjustments in a local
country’s monetary policy (i.e., an increase in the money supply), can result in depreciation
of the currency’s exchange rate. As a result, exports become competitive globally in the run
against foreign buyers at reduced prices.

2.2. Empirical Literature Review

Researchers from different countries have used various models and data to study how
exchange rate volatility impacts exports. Thus, existing empirical literature on exports
and exchange rate volatility are reviewed in this section. Ekanayake and Dissanayake
(2022) examined how fluctuations in the real exchange rate affect US exports to the BRICS
nations. The research used time series data to examine the top 20 US export products to
BRICS countries from Q1 1993 to Q2 2021. The study employed three different estimation
techniques: panel fully modified least squares, panel least squares, and panel dynamic least
squares to calculate the specified panel regression model. Moreover, the autoregressive
distributed lag method was utilized to examine the impact of changes in the real exchange
rate on exports, considering both short-term and long-term effects. This research utilized
two methods to measure currency instability. The findings indicated that the real exchange
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rate has a long-term negative effect on exports in all five countries. These findings are in
line with those of Cardebat and Figuet (2019), who found a negative impact of exchange
rate on export of French wine using dynamic Armington panel model.

Wanzala et al. (2024) investigated how fluctuations in currency impacted the export
of coffee from Kenya. The research utilized panel data for coffee at the firm level from
2001 to 2020 and analysed with the gravity model. The volatility of the exchange rate was
estimated using Purée and Steinherr’s model. The findings showed that the variability
in currency exchange rates adversely affects the export of coffee from Kenya. Quantile
regression yielded comparable findings in robust tests. As a result, this research suggests
that economic policies should be customized to decrease fluctuations in exchange rates
while also supporting agricultural exports and maintaining macroeconomic stability.

The above studies have employed panel data analysis which has been criticised for
its weakness. For instance, panel data analysis may have the issue of cross-sectional
dependence and a failure to address this issue leads to invalid inference. In addition,
panel analysis is linked with the problem of endogeneity, and this makes the model to be
inconsistent (Tugcu, 2018).

The following studies have employed time series methods such as Autoregressive
Distributed lag (ARDL), Vector autoregression (VAR), Vector Error Correction Model
(VECM) and ordinary least square (OLS). However, these methods are not primarily
designed to model volatility in time series data, hence this current study employs EGARCH
model which is designed to model volatility.

Ahmad et al. (2021) examined the influence of exchange rate on Pakistani’s exportation
from 1980 to 2018 using ARDL technique. The study reported that the exchange rate has an
insignificant and inverse impact on exports in the long run. These findings align with those
that were reported by Ahmed et al. (2017).

Okoh and Nwakwanogo (2024) examined the influence of exchange rate fluctuations
on the exportation of agricultural products in Nigeria. The research used time series
dataset extending from 1986 to 2021. This study employed the Vector autoregression (VAR)
estimation technique to investigate the link between currency exchange rate volatility and
the exportation of agricultural goods in Nigeria. It was found that the changes in currency
exchange rates positively influence the export of agricultural goods in Nigeria. Comparable
findings were reported by Ogunjobi et al. (2022) and Nnoli et al. (2023). However, different
findings were reported by Alegwu et al. (2018), their findings showed that exchange rate
negatively affect export of agricultural products using the Vector Error Correction Model
(VECM). In addition, Udo and Joshua (2022) found that exchange rate negatively affects
agricultural exports in the long run in Nigeria using ARDL technique. These varying
findings necessitate the examination of the influence of exchange rate volatility on exports
of agricultural products in emerging countries.

Khan and Ahmed (2024) studied the influence of variations in exchange rate on exports
in Bangladesh using ARDL approach for the period between 1981 and 2022. The findings
infer that exports are inversely influenced by exchange rates in the short and long run.
Nevertheless, it is notable that the scale of this inverse impact is much higher in the long
run in comparison to the short run. The authors recommended the execution of strategies
that fosters better exchange rate stability.

Maphalle and Oyekale (2023) studied the influence of real exchange rates on fruit
exportation in South Africa. The research employed time series data for econometric
examinations spanning from 1971 to 2019. In addition to the basic ordinary least square
(OLS) model and a VECM were employed. The long-term OLS regression analysis exhibited
that the negative connection between exchange rate and export performance exists. Similar
findings were reported by Ngondo and Khobai (2018), their study indicated that the
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exchange rate has an inverse relationship with export using ARDL technique. However,
Mpungose et al. (2023) found that exchange rate has a positive relationship with exports
and imports using the VAR model.

The literature reviewed has provided a valuable insight into the association between
exports and the exchange rate across different countries. These have used different models
to analyse the influence of the exchange rate on exports. Nonetheless, different findings
were in these studies, while some studies reported a negative relationship between the
exchange rate and exports (Maphalle & Oyekale, 2023; Udo & Joshua, 2022), others reported
a positive relationship (Mpungose et al., 2023; Okoh & Nwakwanogo, 2024). However,
some studies found that there is no effect of the exchange rate on exports (Ahmad et al.,
2021). The lack of consensus highlights the complicated link between exports and the
exchange rate, emphasizing the need for further investigation. Moreover, while majority of
the reviewed studies have provided insights into the nexus between the exchange rate and
exports using methods such as VAR, ARDL and OLS. These methods have been criticised
because they are not primarily designed to model volatility in time series data. As a result,
these studies have suffered from methodological limitations. Thus, this study employs
EGARCH model to analyse the influence of the exchange rate on agricultural exports.
Moreover, this study investigates the impact of the exchange rate volatility on agricultural
export in South Africa, providing sectoral prospective.

3. Methodology

This section delineates the research methodology utilised in this study. It outlines the
model specification, data sources and the estimation techniques employed.

This study uses Ngondo and Khobai (2018) model to gauge the impact of exchange rate
volatility on agricultural exports in South Africa. Ngondo and Khobai (2018) investigated
the influence of exchange rate on South Africa’s export using time series data. Ngondo and
Khobai (2018) model is specified as:

Y: = Bo + B1RER 4 BoRIR + B3INVESTT + B4INFLT + u; @)

where Y; is real exports, RER denotes the real exchange rate, RIR represents real interest
rate, INVESTT is investment and INFLT signifies inflation. However, every variable is
converted to a logarithmic format. This is done to remove patterns and determine the
elasticity coefficient of these factors according to Ngondo and Khobai (2018). The model
above thus assumes the following form:

logY: = Bo + B1logRER + B2logRIR + B3logINVESTT + B4logINFLT + u; ()

where log is a logarithmic of all the variables described above. Nonetheless, this present
study shall modify Ngondo and Khobai (2018) model. The primary distinction between the
model employed in this analysis and the one used by Ngondo and Khobai (2018) is that the
model utilized in this study uses agricultural exports as the dependent variable and trade
openness (TOPEN) as additional independent variable. The Elasticity Approach and the
Marshall-Lerner Condition theory both support the incorporation of Trade Openness as
regressors in the model. Trade openness involves integrating an economy with the global
economy and could impact the exportation of goods, services, and capital movements.
Therefore, inflation has been factored out of the analysis because including it along exchange
rate and interest could lead to multicollinearity, which may result in spurious conclusions.
The modifies model is specified as:

InAGRXPT = By + p1InREER + BoInRIR + B3InINVESTT + B4inTOPENu;  (3)
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where AGRXPT is agricultural exports and TOPEN is trade openness. Every variable
utilized in this research was converted to logarithmic format. According to Gujarati and
Porter (2010) this transformation helps decrease heteroscedasticity within the dataset. The
log format reduces the scales of measured variables so that results can be interpreted as
elasticity values. Moreover, interpreting coefficients in elasticity is more meaningful than
interpreting in raw changes, as it gives intuition into percentage relationship between
among the variables. The hypothesis of this study can be written as follows:

Null hypothesis: The exchange rate does not have a significant impact on agricultural
export in South Africa.

Alternative hypothesis: The exchange rate has a significant impact on agricultural
export in South Africa.

Drawing from a dataset of thirty-three quarterly observations from the first quarter
of 2013 to the first quarter of 2024, this timeframe is ideal for examining how exchange
rate fluctuations affect South Africa’s agricultural exports, and it encompasses various
economic conditions. This period captures the aftermath of 2008/09 financial crisis, and
the Russia-Ukraine war which affected the South African currency. The consistent and
high-frequency data available throughout this period allows for thorough and effective
analysis. The following Table 1 offers data sources and measurements.

Table 1. Data source and measurement.

Abbreviations Variable Name Measurement Data Source
AGRXPT Agricultural =y s OF Rands Trade Map
Exports
REER EReﬁl Effei;“;e Index Number International
xchange Rates Monetary Funds
RIR Real Interest Rate Percentages (IMF)
INVESTT Investment Absolute Numbers South African
TOPEN Trade Openness Percentages Reserve Bank (SARB)

The study analyses data using econometric software (E-views 14) through an econo-
metric analysis. Econometric models are increasingly using ARCH and GARCH models
to forecast important parameters for volatility in financial time series data. An advan-
tage of the ARCH and GARCH models is that they are time-varying volatility processes,
capturing periods of high and low variance exhibited in financial data, unlike the tradi-
tional ones, which assume constant variance. Hence, these features make them a better
fit to model exchange rate volatility, which often tends to be clustered and persistent over
time (Baybogan, 2013).

However, the ARCH and GARCH models do not take into consideration the lever-
age effects observed in financial data due to their asymmetrical nature. Therefore, this
study utilised the Exponential Generalized Autoregressive Conditional Heteroskedastic
(EGARCH) model, a version of GARCH with asymmetry introduced by Daniel Nelson in
1991. Nelson (1991) created the EGARCH model to address the varying response of volatil-
ity to shocks in the GARCH model by including an asymmetric parameter. This approach
guarantees the positivity of the conditional variance by utilizing the natural logarithm of
the variance, without imposing constraints on the parameters’ signs in the model (Dinga
et al., 2023). It presents multiple benefits compared to the regular GARCH model. The
logarithmic form models the conditional variance as log(/;), ensuring h; remains positive
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even with negative parameters and eliminating the need for non-negativity constraints on
the parameters. The simplest form of the EGARCH model is as:

U1 U1

Vhi-1 Vhi-1

where 7 is constant term, u;_1 represents residual, /; is conditional variance at time, {1

+

log(ht) = v+ {1 + 61log(hi—i) 4)

measures the asymmetric effect of shock on volatility, J; is the persistence parameter and
¢1 captures the asymmetric effect. In Equation (4), the persistence parameter estimates how
powerful the past volatility influences the current one and the asymmetric effect shows if
negative shocks influence volatility in a different way from positive shock.

Before and after estimation of EGARCH model several pre- and post-estimation tests
are performed. The Phillips-Peron (PP) and Augmented Dickey Fuller (ADF) tests are
performed to analyse the existence of unit roots. Several diagnostic tests such as the residual
normality test, as well as LM tests for heteroscedasticity and serial correlation are also
performed. These tests are utilized for evaluating if the residuals fulfil all these diagnostic
criteria. The next section presents results analysis and interpretation.

4. Results Analysis and Interpretation

In this section, the results and analysis of the findings are presented. The results
obtained seek to validate the core aim of this study, which is to establish the effect of
the exchange rate volatility on agricultural exports in South Africa. The results are de-
lineated by performing few tests such as descriptive statistics, collinearity, unit root, and
diagnostic tests.

4.1. Descriptive Statistics

As the initial step, descriptive statistics are employed to examine some basic features
of the data before assessing the influence of the exchange rate volatility on agricultural
exports. Thus, Table 2 presents descriptive statistics.

Table 2. Descriptive statistics.

Variable LAGRXPT LREER LRIR LINVESTT LTOPEN
Mean 17.40976 4.329770 1.753072 11.92207  —0.599769
Median 17.36299 4.348728 1.832581 11.92857  —0.592863
Maximum 18.10585 4.460953 2.110213 12.12791 —0.517462
Minimum 16.79750 4.169452 1.252763 11.70301  —0.743216
Standard Deviation  0.312782 0.065350 0.257432 0.109832 0.051986
Skewness 0.260679  —0.509846 —0.739761  0.041595  —0.587257
Kurtosis 2.288466 2.863993 2.545015 2.414073 2.893221
Jarque-Bera 1.458930 1.984260 4.492496 0.656683 2.607912
Probability 0.482167 0.370786 0.105795 0.720117 0.271456
Observations 45 45 45 45 45

Source: Researcher’s estimations performed in EViews 14.

Table 2 shows that the Jarque-Bera tests show that the null hypothesis of normal
distribution for agricultural exports, real effective exchange rate, interest rate, investment,
and trade openness cannot be rejected, as their p-values exceed the 5% significance level.
From the results of the Jarque-Bera test, it is observed that the null hypotheses are not
rejected for all the variables; therefore, the results support the assumption of normality.
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Moreover, the standard deviation represents the variability of the values of each
variable around the average. In other words, it expresses the dispersion of data. The mean
standard deviation of 0.313, 0.257 and 0.109 demonstrates that the agricultural exports,
interest rates and investment fluctuate in a narrow range around the mean respectively,
indicating that the variables are relatively stable and do not fluctuate much around the
mean. The extremely small standard deviation of 0.065 and 0.052 indicates that the real
effective exchange rate and trade openness are quite invariable during the sample period.
In the next subsection, the collinearity is assessed.

4.2. Collinearity Test

Collinearity was conducted to assess absence of linear relationship among explanatory
variables. According to Shrestha (2020) if two variables are collinear, it becomes hard to
differentiate the influence of each independent factor on the dependent factor, leading to the
assumption of no multicollinearity. A correlation analysis was carried out to investigate the
presence of multicollinearity among the independent variables. When the coefficient gets
closer to 1, in any direction, it indicates a stronger association between the two variables,
showing a more linear relationship. Yet, it is advised that if the correlation between two
predictors is above 0.8, multicollinearity could be a significant issue. Thus, Table 3 offers
correlation analysis results.

Table 3. Matrix of correlation of independent variables.

Variables LAGRXPTPT LINVESTT LREER LRIR LTOPEN
LAGRXPTPT 1 0.590869 —0.481659 0.051424 0.146517
LINVESTT 0.590869 1 —0.541232 0.628448 0.439551
LREER —0.481659 —0.541232 1 —0.145962  —0.037904
LRIR 0.051424 0.628448 —0.145962 1 0.632029
LTOPEN 0.146517 0.439551 —0.037904 0.632029 1

Source: Researcher’s estimations performed in EViews 14.

The information provided in Table 3 displays a moderate correlation coefficient with
the highest value being 0.632. The value is less than 0.8. Given that the correlation
coefficients among the explanatory variables are all below 0.8, with the highest being 0.632
between trade openness and real interest rate. The results show that there is no relationship
between the independent variables and no notable multicollinearity among them. It is
possible that an increase in the real effective exchange rate decreases agricultural exports,
as indicated by the negative correlation with LAGRXPT (—0.482).

This correlation matrix suggests some moderate linear relationships, especially be-
tween LRIR and LTOPEN and between LINVESTT and LRIR: this might require further
attention, such as testing for variance inflation factors (VIF) in the regression model. A cen-
tered VIF above 10 and sometimes 5 is said to suggest multicollinearity problems (Kyriazos
& Poga, 2023). The VIF between the independent variables are shown in Table 4 below.

It can be observed with the coefficients of Centered VIF which are less than 10 and 5.
This result may suggest that there is no suspicion of multicollinearity among independent
variables. Following the assessment of serial correlation to ensure that the residuals in the
model are uncorrelated, the next section will conduct the unit root testing to evaluate the
stationarity of the time series data, a prerequisite for reliable econometric analysis.
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Table 4. VIF values for the independent variables.
Variables Coefficient Variance Uncentered VIF Centered VIF
LINVESTT 0.240908 30,820.98 2.557418
LREER 0.420732 7100.483 1.581201
LRIR 0.039777 112.3443 2.319825
LTOPEN 0.717336 233.9511 1.706042
C 60.86541 54,780.59 NA

Source: Researcher’s estimations performed in EViews 14.

4.3. Unit Root Test

Unit root test (stationary) is necessary for time series analysis. Non-stationary series

can lead to inaccurate regression. Thus, this employs two-unit root tests namely the
Augmented Dickey Fuller (ADF) and Phillips-Peron (PP) tests. The results of unit root test
are presented in Tables 5 and 6.

Table 5. Unit root test at level.

Variables Tests t-Statistic p Value Decision
PP —2.1738 0.2183 Non-
RXPT .
LAG ADF 1.1523 0.9973 stationary
PP —2.6801 0.0466 ** Stati
ationar
LREER ADF —3.3207 0.0200 ** Y
LRIR PP —1.5967 0.4758 Non-
ADF —2.2337 0.1978 stationary
PP —12582 0.6405 Non-
LINVESTT .
NVES ADF —1.8342 0.3594 stationary
PP —3.4660 0.0137 ** Stati
LTOPE ationar
OPEN ADF —2.6834 0.0858 * y
Note: * p < 0.1, ** p < 0.05. Source: Researcher’s estimations performed in EViews 14.
Table 6. Unit root test at 1st difference.
Variables Tests t-Statistic p Value Decision
PP —14.3778 0.0000 ***
LAGRXPT ADF —16.1275 0.0000 ***
PP —3.1723 0.0022 *** Stati
ationar
LRIR ADF —3.16907 0.0289 *** Y
PP —4.4030 0.0010 ***
LINVESTT ADF —4.4148 0.0010 ***

Note: *** p < 0.01. Source: Author’s estimations performed in EViews 14.

The results exhibited in Table 5 show that the null hypothesis of unit root test, which
claims that the parameter displays a unit root is rejected for the exchange of rate (LREER)
and trade openness (LTOPEN) at 10% and 5% level significance. Therefore, it can be
concluded that LREER and LTOPEN exhibit stationarity at level. For the variables that
exhibit non-stationarity at level, the unit root tests are performed after 1st difference. Thus,

Table 6 presents unit root results at 1st difference.
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The results exhibited in Table 6 display that the null hypothesis of unit root test,
which claims that the parameter displays a unit root is rejected for agricultural exports
(LAGRXPT), interest rate (LRIR) and investment (LINVESTT) at 1% level of significance.
Therefore, it can be concluded that LAGRXPT, LRIR and LINVESTT are stationary after
1st difference.

4.4. Autoregressive Conditional Heteroscedasticity (ARCH) Test

Prior to applying EGARCH for analysing the influence of exchange rate volatility on
agricultural exports, the existence of autoregressive conditional heteroscedasticity (ARCH)
is assessed from the OLS regression. To detect heteroscedasticity, the plotting of the
Autocorrelation function (ACF) for the square residuals is conducted. Therefore, Figure 2
presents the Autocorrelation function test results.

Sample: 2013Q1 2024Q1
Included observations: 45
Autocorrelation  Partial Correlation AC PAC Q-Stat Prob

|

— 1 0.503 0.503 12.155 0.000
! 2 0.119-0.179 12857 0.002
! 3-0.037 -0.024 12924 0.005
I 4 0001 0076 12924 0.012
I 5-0.182-0.303 14668 0.012
| 6-0.244 -0.023 17.907 0.008
! 7-0.199-0.039 20.106 0.005
! 8-0.129-0.097 21.057 0.007
I 9-0.197 -0.144 23.338 0.005
I 10-0.213 -0.106 26.070 0.004
I 11-0.183 -0.147 28376 0.003
1
1
1
1
1
1
]
1

12-0.082 0.012 28622 0.004
13-0.051-0.136 28.794 0.007
14 0.057 0.084 29.017 0.010
15 0.157 0.042 30.758 0.009
16 0.112-0.190 31.785 0.011

17 0.128 0162 33.039 0.011
|18 0.114-0.100 34.052 0.012
|19 0.073-0.070 34.490 0.016

|
|
|
I
I
|
|
|
|
I
|
I
I
I
|
|
I
|
| | 20 -0.083 -0.078 34.821 0.021

S V1 11 | .

m_-..'_l__'._....-._-

Figure 2. Autocorrelation function test results. Source: Researcher’s estimations performed in
EViews 14.

The results presented in Figure 2 display the autocorrelation function of the squared
errors, showing serial autocorrelation, with a significant autocorrelation at lag 1, as the
p-value of 0.000 is below the 5 percent significance level. This implies that the initial lag
exhibits a notable amount of autocorrelation. All lag p-values are lower than 0.05, indicating
rejection of the null hypothesis that there is no autocorrelation at a specific lag. It can be
concluded that there is autocorrelation and heteroskedasticity due to non-constant residual
variance. Therefore, the ARCH effect is investigated using Engle’s ARCH test based on
the significant autocorrelation at lag 1 in the ACF of the squared residuals. This helps to
detect the presence of ARCH effects at that specific lag, which is crucial for identifying
conditional heteroscedasticity in the model. The results are given below in Table 7.

Table 7. ARCH test results.

Heteroskedasticity Test: ARCH
F-STATISTIC 14.26912 PROB. F (1,42) 0.0005 ***
OBS*R-SQUARED 11.15783 PROB. CHI-SQUARE (1) 0.0008 ***

Note: *** p < 0.01. Source: Researcher’s estimations performed in EViews 14.

The estimates of the ARCH-LM test display that both the F-statistic and Obs*R-squared
p-values are below 0.05. The p-value of 0.0005 indicates that the null hypothesis about
the absence of heteroscedasticity in the residuals is rejected at the 5 percent significance
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level. This suggests that there is heteroskedasticity. The need to use EGARCH in this study
is emphasized by the existence of heteroscedasticity. Since the LM test has found ARCH
effects, the EGARCH (p,q) model should be chosen to account for volatility changes over
time in the residuals.

4.5. Model Selection Criteria

Choosing the appropriate model is crucial. Therefore, this research examines EGARCH
(1,1), EGARCH (1,2), EGARCH (2,1) and EGARCH (2,2) to establish a suitable model
specification length. The Schwarz criterion (BIC) and Akaike info criterion (AIC) are
utilised to choose the optimal model among these models. According to Gujarati and Porter
(2010) the optimal model includes lower AIC and BIC values. Thus, Table 8 offers model
selection criteria results.

Table 8. Model selection criteria results.

Model Specified AIC BIC Conclusion
EGARCH (1,1) —0.189999 0.171333 NOT PREFERRED MODEL
EGARCH (1,2) —0.318407 0.083073 PREFERRED MODEL
EGARCH (2,1) —0.139888 0.261593 NOT PREFERRED MODEL
EGARCH (2,2) —0.108258 0.333371 NOT PREFERRED MODEL

Source: Researcher’s estimations performed in EViews 14.

Based on the information provided in Table 8, EGARCH (1,2) is the appropriate model
for analysing how exchange rate volatility affects agricultural exports in the study. The
EGARCH (1,2) model achieves the best fit as indicated by the lowest AIC. Therefore, the
EGARCH (1,2) model is estimated in the next subsection.

4.6. EGARCH (1,2) Model Results
The results from the estimated EGARCH (1,2) model are shown in Table 9.

Table 9. EGARCH (1,2) model results.

Variable Coefficient Standard Error z-Statistic p Value
LREER —0.6879 0.4030 —1.7068 0.0878 *
LRIR —0.8731 0.1040 —8.3909 0.0000 ***
LINVESTT 2.9134 0.2781 10.4735 0.0000 ***
LTOPEN 2.1033 0.4864 4.4146 0.0000 ***
C —11.5242 42972 —2.6836 0.0073 ***
Variance Equation
C(6) = Constant —2.5423 0.3472 —7.3205 0.0000 ***
C(7) = Asymmetric shock term 0.7497 0.4891 1.5290 0.1263
C(8) = Shock term —0.1656 0.2375 —0.6971 0.4857
C(9) = Persistence term 1.4980 0.1936 7.7375 0.0000 ***
C(10) = Second lag of log variance 0.126 0.1260 —8.0629 0.0000 ***

Note: * p < 0.1, *** p < 0.01. Source: Researcher’s estimations performed in EViews 14.

Table 9 displays the outcomes of the selected EGARCH (1,2) model. The results
indicate that agricultural exports are adversely influenced by the exchange rate at the
significance level of 10% in the short run. Hence, a 1 percent rise in LREER will lead to
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a —0.688% drop in LAGREXD, this decrease is statistically significant at the significance
level of 10%. The economic implication associated with this finding is that in South
Africa the exchange rate depreciation is detrimental to agricultural exports, this infer that
foreign buyers may be insensitive to changes in price hence depreciation does not result
in higher agricultural exports demand. These results are in line with prior studies in
South Africa. Maphalle and Oyekale (2023) found an inverse relationship between fruit
export performance and exchange rate in South Africa. In addition, Ngondo and Khobai
(2018) reported similar findings. Moreover, similar findings were also reported in other
developing countries. Alegwu et al. (2018) reported exchange rate negatively affect export
of agricultural products in Nigeria. In addition, Udo and Joshua (2022) found that exchange
rate negatively affects agricultural exports in the long run in Nigeria. Khan and Ahmed
(2024) found that exports are inversely influenced by exchange rates in the short and long
run in Bangladesh. Nonetheless, these findings do not align with the Marshal-Learner
condition and the monetary approach to exchange rate determination on view that the
exchange rate depreciation boosts exports.

The results presented in Table 9 also show that interest rates have a negative and
statistically significant impact on agricultural exports in the short run, with a significant
level of 1%. Therefore, if LRIR increases by 1 percent, ceteris paribus, LAGREXP will decrease
by 0.873%, which is both negative and statistically significant. The economic implication of
this finding is that an increase in interest rate makes exports expensive to foreign buyers,
hence a decline in agricultural exports. These findings align with that of Khan and Ahmed
(2024), the study reported an inverse and significant influence of interest rate on exports
in Bangladesh. Moreover, Nnoli et al. (2023) reported a negative connection between
interest rate and agriculture exports in Nigeria. This finding aligns with the monetary
approach to exchange rate determination on the view that a decrease in money supply
by increasing interest rate may increase the value of local currency, thus, exports become
expensive for foreign buyers. Investment has a notable beneficial effect on agricultural
exports. Consequently, a 1 percent increase in investment leads to a 2.026 percent increase in
agricultural exports in South Africa, ceteris paribus. This finding is consistent with Maphalle
and Oyekale (2023) finding regarding the investment and fruit exports in South Africa,
demonstrating that investment is crucial in increasing the country’s fruit exports. This
implies that investment in South Africa may be targeted towards export-oriented sectors,
resulting in improved in competitiveness of exports.

Furthermore, results show that agricultural exports are positively impacted by trade
openness in the short run at a significant level of 1%. That is, a 1% increase trade openness
would result in a 2.103% increase in agricultural exports in South Africa, ceteris paribus. This
finding may suggest that agricultural products are highly competitive in the foreign market,
hence an increase in trade openness leads to higher agricultural exports. This aligns with
new trade theory, which holds that nations export due to larger market access, hence, trade
openness enables firms to be competitive in international trade. Moreover, this finding
is consistent with that of Nnoli et al. (2023), their study reported a positive relationship
between trade openness and agricultural export in Nigeria. This is not surprising as trade
openness is associated with low trade restrictions, this increases access to foreign markets.
The EGARCH (1,2) model variance equation provides the volatility or variance of the
dependent variable. Such results explain how volatility within agricultural exports reacts
to shocks and how much time persistence in volatility lasts.

The constant in the variance equation is significant and negative, this infers strong
negative effect on the log of conditional lag. However, the asymmetric shock term was
found to be insignificant, this implies that the asymmetric may not be important in the
equation. The insignificance of asymmetric shock term implies that the devaluation of
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South African rand does not upsurge volatility more than its appreciation. In other words,
this means that the volatility does not react asymmetrically to devaluation and appreciation
of the exchange rate. A shock term was also found to be insignificant, indicating past shocks
may not strongly influence current volatility. Persistent term was found to be positive
and significant, suggesting that persistence in volatility. Lastly, second lag of log variance
was found to be positive and significant, this verifies long run volatility persistence from
two lags ago. This demonstrates how powerful the past volatility influences the current
one. Overall, the constant in the variance equation, persistence term and second lag of
log variance mostly influences the conditional variance (volatility) of the model. However,
asymmetric shock term and shock term imply that the model does not require intricate
asymmetric or shock-based for influencing variance.

4.7. Diagnostic Tests

The diagnostic tests are utilized to validate the findings of parameter estimation
during the model estimation procedure. To validate this model, three tests should be
performed: the autocorrelation test, the ARCH test, and the normality test. Thus, the results
are presented in Table 10.

Table 10. Diagnostic test results.

Test Null Hypothesis p Value Conclusion
JARQUE-BERA; NORMALITY RESIDUALS ARE 0.322 RESIDUALS ARE
TEST NORMALLY DISTRIBUTED. ’ NORMALLY DISTRIBUTED
LJUNG-BOX TEST: SERIAL NO PRESENCE OF SERIAL
CORRELATION TESTS CORRELATION. 0891 NO AUTOCORRELATION
ARCH LM: THE RESIDUALS ARE
HETEROSCEDASTICITY TEST HOMOSCEDASTIC. 0.8936 NO HETEROSCEDASTICITY

Source: Author’s estimations performed in EViews 14.

Table 10 illustrates that the probability value for normality test is above the signifi-
cance level of 5 percent, implying that we fail to reject the null hypothesis which states
that the residuals are normally distributed. Therefore, the estimated residuals support
the assumption of normality. In addition, the probability of Ljung-box test is above the
significance level of 5 percent, implying that the results do not support rejecting the null
hypothesis which states that there is no presence of serial correlation. Thus, estimated
residuals support the assumption of no serial correlation. Moreover, the probability of
heteroscedasticity is above the significance level of 5%, signifying that we fail to reject the
null hypothesis which states that there the residuals are homoscedastic. Noteworthy, all
the diagnostic tests for residuals are passed, granting dependable economic inferences.

5. Discussion

The short run coefficients obtained from the EGARCH model were different in terms
of estimated signs. The exchange rate and interest rate coefficients are negative in the short
run, demonstrating an inverse between the exchange rate and agricultural export as well as
interest rate and agricultural export in South Africa. This basically means that an increase
in the exchange rate and interest rate is associated with a decrease in the agricultural export,
thus indicating the detrimental effect of the exchange rate and interest rate on agricultural
export in South Africa. The negative significant relationship between the exchange rate
and agricultural, implies that a depreciation of South African currency would to a decline
in the volume of agricultural export in the short run. This is surprising as depreciation
is expected result in higher agricultural exports due to local products being cheaper for
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foreign consumers with stronger currency compared to the rand. Nonetheless, this infers
that the exchange rate level strain agricultural export in South Africa, likely due to its
volatility which impedes export performance. The result of this current study aligns with
the results of Maphalle and Oyekale (2023), Ngondo and Khobai (2018), Alegwu et al.
(2018), as well as Udo and Joshua (2022), who also reported a negative relationship between
the exchange rate and agriculture export in developing countries using different methods.
The findings of this study are inconsistent with the Marshal-Learner condition and the
monetary approach to exchange rate determination, which both infer that the exchange
rate depreciation should boost exports.

The coefficients of investment and trade openness were found to be positive in the
short run, demonstrating a positive relationship between investment and agricultural
export as well as trade openness and agricultural export. This means that an increase
investment and trade openness would lead to an increase in the agricultural export in
South Africa. This finding aligns with the finding that was reported in South Africa by
(Maphalle & Oyekale, 2023). In terms of trade openness, this is not a shock as it is linked
with low trade restrictions, this increases access to foreign markets. In addition, this
demonstrates that both trade openness and investment are crucial in boosting agricultural
products exportation in South Africa. Moreover, similar results were reported in Nigeria
by Nnoli et al. (2023). The results of this study establish that the agricultural export
in South Africa is determined by the exchange rate, investment, interest rate and trade
openness. Therefore, these should be considered when formulating strategies to boost
agricultural exports.

6. Conclusions and Policy Recommendations

This study explored the effects of exchange rate volatility on agricultural exports in
South Africa over the period from 1st quarter of 2013 to 1st quarter of 2024. The analysis in
this study was carried out using the Exponential Generalized Autoregressive Conditional
Heteroskedastic (EGARCH) model. The main purpose of this study was to determine the
effects of exchange rate volatility on agricultural exports in South Africa, The real effective
exchange rate, real interest rate, trade openness, and investment were the explanatory
variables used in this study. This study finds that the exchange rate affects agricultural
export negatively in South Africa. The findings display that the exchange rate is statistically
significant in explaining agricultural exports in South Africa. Past literature has also that
the exchange rate effect on South Africa’s export is negative. This suggests a depreciation
of local currency leads to a reduction in agricultural exports in South Africa. In addition,
this study finds interest rate affects agricultural exports negatively whereas investment
and trade openness affect agricultural export positively in South Africa. This infers that
agricultural exports in South Africa are explained by various economic factors.

The results reported in this study have several policy implications. The negative
impact of exchange rate on agricultural exports, suggests that in South Africa the exchange
rate depreciation is detrimental to agricultural exports. Therefore, relying solely on the
exchange rate variations to stimulate agricultural exports could be limited and insufficient
approach. This study proposes that South African Reserve Bank (SARB) should implement
policies to stabilize the currency as a crucial strategy to address exchange rate volatility.
Policymakers can use currency hedging as tool to lessen the negative impact associated with
the exchange rate volatility. This will aid in lowering the detrimental impact of exchange
rate volatility on agricultural exports in South Africa. In addition, growth in agricultural
exports necessitate a flexible strategy that considers macroeconomic policies and exchange
rate management. Moreover, it is recommended that the South African government and
private sector invest in export-oriented sectors as this may improve competitiveness of
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exports. This can increase agricultural exports in South Africa. These recommendations
can help policymakers to form approaches to reinforce agricultural exports. In addition,
hedging the exchange rate volatility risks using methods such as forward contracts to
safeguard profit margins against the exchange rate volatility. This will protect the agro-
exporters’ profit from the risks associated with the exchange rate volatility.

This study sought to assess the impact of currency fluctuations on the export of
agricultural goods in South Africa. Nevertheless, some drawbacks of this study can be
addressed in future studies. This study has focused only on South Africa; thus, future
studies can consider expending this research by looking at panel of countries to improve the
generalizability of the results and enable cross-country comparisons. Future studies should
consider employing panel methods such as panel ARDL and GRACH. This will yield
more robust inferences applicable to several economic structures and policy frameworks.
Moreover, future studies should consider investigating the effects of appreciation and
depreciation in the exchange rate on exports performance. The current study does not
consider the structural break analysis, as a result, future studies should consider the
capturing structural break such as Russia-Ukraine war and COVID-19 in their analysis.
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