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Abstract

Climate conditions affect the macroeconomic and financial environment, which in turn 
affects sustainable agricultural development in South Africa. In this study, the short- and 
long-run relationships between agricultural performance, temperature, economic activity, 
trade openness, Consumer Price Index and financial-sector development are investigated 
using annual South African time-series data for the period 1972 to 2022 in an ARDL (Autore-
gressive Distributed Lag) model. The ARDL bounds test confirms a long-run equilibrium 
relationship among the variables included in the final specification. Economic activity 
exhibits a negative and statistically significant long-run association with agricultural per-
formance (β = −0.7985, p = 0.0009). Temperature also has a negative long-run coefficient 
(β = –0.1119), but this is not statistically significant at conventional levels (p = 0.1212). In 
addition, financial-sector development has a negative, but marginally significant association 
with agricultural performance (β = −0.0032, p = 0.0589), whereas the natural logarithm 
of the Consumer Price Index (β = 0.3994, p = 0.0537) and trade openness (β = 0.0080, 
p = 0.0873) have positive, but marginally significant associations. The sign of the error 
correction coefficient is negative and highly significant (−0.4742, p < 0.001), suggesting that 
around 47.4% of short-run disequilibria will be resolved over a period of a year. Overall, the 
results indicate that agricultural performance is linked with climatic, macroeconomic, trade, 
and financial conditions in South Africa. However, the strength and statistical significance 
of these relationships vary across variables. The results therefore provide evidence relevant 
to sustainable agricultural development while supporting careful consideration of climate 
adaptation, macroeconomic stability, productive finance, and market integration.

Keywords: climatic conditions; agricultural performance; sustainable agriculture; macroe-
conomic dynamics; financial development; ARDL; South Africa

1. Introduction
Climate change is a major structural problem for the socioeconomic sustainability of 

agriculture and food systems in developing economies. The increasing frequency of climatic 
hazards such as droughts, heat waves, unpredictable rainfall patterns, and environmental 
degradation poses production and food-security risks for agriculture, especially in African 
economies, where agricultural production is highly vulnerable to climatic conditions. The 
impact on macroeconomic growth or performance can also stem from reduced productivity, 
food price volatility, labour market disruption, and reduced sectoral resilience due to climate-
related events [1,2]. Climate change is therefore becoming well recognised not only as an 
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environmental risk but also as a risk to systemic development, including macroeconomic 
and ecological development.

The SA also underwent large-scale structural transformation over the past few decades, 
during which the share of agriculture in aggregate productivity and employment has 
declined, while service sector activities have grown in relative significance and financial 
services have expanded. The developments pose important challenges, as agricultural 
production is also under pressure from climatic conditions and broader macroeconomic 
and sectoral adjustment processes. Structural economic change can mean structural change 
in agricultural investment, in the allocation of labour in agriculture, in access to productive 
finance, and in the allocation of resources that affect agricultural sectors, and the shocks 
of climate change can worsen food insecurity and agricultural productivity. Therefore, to 
appreciate agricultural performance, it must be considered within a broader development 
context that incorporates environmental and economic pressures.

Agricultural systems’ independence is also closely tied to macroeconomic develop-
ments through various transmission channels. Inflation affects agricultural input prices, 
profit and purchasing power, and openness to trade in agricultural markets, export oppor-
tunities, import competitors, and international price volatility. Likewise, financial sector 
development may influence agricultural performance through credit availability, invest-
ment, financial inclusion, and access to investment in productive resources. While financial 
deepening can facilitate agricultural development, expanding the financial sector does not 
necessarily mean that financial resources will be allocated towards agriculture, especially if 
these resources are concentrated in urban and non-agricultural activities [3,4].

Although there is an increasing number of publications on climate change and farming, 
important empirical gaps remain. Existing studies have analysed the direct relationship 
between climate and agricultural processes, explored agricultural vulnerability, adaptation 
behaviour, or agriculture-specific responses. At the same time, comparatively less research 
has examined the linkages between climate, macroeconomic processes, financial-sector 
growth, and agriculture within an empirical framework. The restriction is significant 
in the South African context. It is particularly relevant given the relatively few South 
African studies that employ dynamic time-series methods to identify long-run equilibrium 
relationships from short-run adjustment processes.

Therefore, the focus of this study is to analyse the relationships among temperature, 
economic activity, inflation, financial sector development, trade openness, and agricultural 
performance in South Africa. Rainfall is considered within the broader climatic framework, 
while the variables retained in the final ARDL specification are reported explicitly in the 
empirical methodology. For the analysis, Pesaran et al. [5] suggested using the Autoregres-
sive Distributed Lag (ARDL) model, which is suitable when the variables involved have 
mixed orders, I(0) and I(1). Still, none is I(2), or double-integrated. The ARDL approach 
also allows estimation of long-run relationships and short-run dynamics within a single 
econometric framework.

Accordingly, the study addresses the following central research question: How are 
climatic conditions, macroeconomic dynamics, and financial-sector development associated 
with agricultural performance in South Africa in the short and long run? In particular, 
the analysis addresses whether short- and long-run features of climate, economic activity, 
inflation, financial sector development, and trade are related to agricultural performance. 
The analysis focuses on whether, on the one hand, the short- and long-run dynamics of 
climate and selected macroeconomic variables are related to agricultural performance, and, 
on the other hand, whether they contain predictive information for agricultural perfor-
mance. Structural transformation is not used as an empirical dimension but as a theoretical 
development environment.
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2. Literature Review
2.1. Theoretical Framework

In the study’s conceptual framework, three complementary theories are investigated: 
climate–macroeconomic risk theory, structural transformation theory, and financial inter-
mediation theory. Together, these theories offer a conceptual framework for understanding 
how climate-induced adverse shocks affect the agricultural sector’s performance through 
macroeconomic, sectoral, and financial transmission channels in the South African economy.

2.1.1. Climate–Macroeconomic Risk Theory
Climate–macroeconomic risk theory explains how climate change shocks can trigger 

broader macroeconomic shocks through interconnectedness among employment, produc-
tivity, inflation, trade, and financial systems. In recent years, climate change has gained 
new significance in economics as a systemic macroeconomic risk that can affect economic 
performance, agricultural productivity, and long-term development outcomes [1].

Empirical studies have shown that climate shocks, such as rising temperatures, rainfall 
variability, environmental degradation, and extreme weather events, affect climate-sensitive 
industries, such as agriculture and energy, disproportionately, especially in developing 
economies, where structural instability and limited adaptive capacities are severe [1]. This, 
in turn, results in the forfeiture of output growth, inflation, food insecurity, and macroeco-
nomic instability.

One of the main pathways between climate change and agricultural productivity is 
through reduced productivity. Author [6] states that higher temperatures significantly 
reduce labour productivity and output, with particularly severe consequences in climate-
sensitive industries such as agriculture and construction. Climate shocks also affect the 
inflation process and financial conditions through supply shocks. Temperature shocks can 
adversely affect economic growth and agricultural productivity, particularly in developing 
economies, thereby contributing to broader macroeconomic vulnerabilities [7]. In this sense, 
climate-induced shocks increasingly serve as macroeconomic transmission channels that 
affect sectoral and overall economic outcomes. Climate–macroeconomic risk theory as a 
whole offers a helpful framework for understanding how climate shocks trigger adjustment 
processes across productivity, inflation, output, trade, and the financial sector.

2.1.2. Structural Transformation Theory
The long-run shift in economic activity from agriculture to manufacturing and services 

during economic development is explained by the structural transformation theory. The 
theory is mainly attributed to [8,9], who claim that economic growth normally observes a 
diminishing contribution by agriculture to the gross domestic product (GDP), as there is a 
steady movement of labour and capital from agriculture to other sectors of the economy 
that use less of these factors.

The dual-sector model, proposed by [8], addresses the shift in labour from the tra-
ditional, low-productivity agricultural sector to the modern, high-productivity industrial 
sector, facilitated by capital accumulation. Similarly [9] suggests that during economic 
development, there will be a structural transformation, which entails sectoral reallocation, 
urbanisation, technological progress, and changes in production structures.

While structural transformation can certainly increase economic growth in the longer 
term, it can also cause agricultural decline if investment, productivity and institutional 
support for the agricultural sector decline during economic transition. The present study 
applies structural transformation theory within a broader context to interpret changes in 
the economic landscape surrounding agriculture. The results of the empirical model in the 
present paper are therefore interpreted at the macro level, not as a measure of structural 
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transformation or sectoral reallocation per se in practical terms, though they do represent 
economic activity.

2.1.3. Financial Intermediation Theory
The Financial Intermediation Theory encompasses Financial Institutions and explains 

how they mobilise savings, allocate credit, manage risk, and facilitate economically pro-
ductive activity. According to conventional financial theory, the purpose of a financial 
intermediary is to increase economic efficiency by reducing transaction costs, solving infor-
mation problems, facilitating the smooth transformation of liquidity, and allocating capital.

According to a systematic review by [10], financial intermediation is a multidimen-
sional activity that entails credit allocation, financial inclusion, liquidity transformation, 
and systemic risk management. Financial intermediation is significant in the agricultural 
system with respect to farm investment, technology adoption, irrigation, agricultural inputs, 
and capacity for climate adaptation.

Author [11] stated that it is an extension of the theory of financial intermediation, 
incorporating banking-sector liabilities, liquidity conditions, and financial confidence in 
macroeconomic adjustment processes. Financial systems could thus be indirectly affected by 
climate-related shocks through changes in repayment conditions, collateral quality, financial 
uncertainty, and systemic vulnerability.

Agricultural sectors in developing economies are often exposed to weak, limited access 
to productive finance due to high climate risk, limited collateral, and uncertainty about 
agricultural returns. Thus, financial development alone cannot guarantee an increase in 
agricultural productivity unless its supply is focused on agriculture.

The broader theory consequently informs understanding of the potential association 
between financial-sector development and agricultural performance in South Africa. When 
a negative correlation is observed in practice, potential explanations include financial 
exclusion, differences in credit allocation across sectors, restricted agricultural financing, 
or other institutional barriers. The mechanisms are considered potential, not actual effects 
directly observed using the estimated financial-development coefficient.

2.1.4. Integrated Theoretical Framework
Climate–macroeconomic risk theory, structural transformation theory, and financial 

intermediation theory are integrated into a single analytical framework to explain how 
climate-related shocks affect agricultural performance through macroeconomic, structural, 
and financial transmission channels.

Climate variables such as temperature and rainfall variability are external shocks 
conceptualised within the framework that will initially affect agricultural productivity 
and output conditions. The effects of climate disruptions then lead to macroeconomic 
pressures, including inflation, instability, reduced productivity, food insecurity, and trade 
disruptions. Agricultural performance might also decline further due to the dynamics of 
structural transformation, as labour, investment, and financial resources are transferred to 
the industrial and service sectors.

These macroeconomic and structural changes, in turn, affect financial conditions 
through shifts in credit allocation, agricultural financing, financial inclusion, and systemic 
uncertainty. As such, amid macroeconomic instability and climate change, agriculture could 
lose productivity and investment support, becoming more susceptible to financial exclusion.

The integrated framework separates variables that are estimated in the empirical model 
from those that address theoretical transmission mechanisms. Structural transformation 
theory provides the broader theoretical context; however, LGDP is treated empirically 
as a proxy for aggregate economic activity rather than as a direct measure of structural 
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transformation or sectoral reallocation. The climatic variables considered in the conceptual 
framework include temperature and rainfall; however, the variables retained in the final 
estimated ARDL specification are identified explicitly in Section 3. Figure 1 illustrates the 
integrated conceptual framework linking climatic conditions, macroeconomic dynamics, 
financial-sector development, and agricultural performance in South Africa.

Figure 1. Conceptual framework linking climatic, macroeconomic and financial dynamics to agri-
cultural performance in South Africa. Source: Authors’ construction based on [1,8,9,11]. Note: The 
conceptual framework illustrates the theoretical channels through which climatic conditions, macroe-
conomic dynamics, structural economic processes, and financial-sector conditions may interact with 
agricultural performance in South Africa. Structural transformation is treated as a broader theoretical 
development context rather than as a directly measured empirical variable. The variables retained in 
the final ARDL specification are reported explicitly in Section 3.

2.2. Empirical Literature
2.2.1. Climate Change and Agricultural Performance

A range of empirical literature confirms that climate change impacts on agriculture 
are manifested in increased temperatures, greater rainfall variability, increased drought 
frequency, heat stress, and changes in extreme weather events. Agricultural vulnerability is 
evident in South Africa, especially in areas where low irrigation intensity, high exposure 
to climate shocks, land degradation, and low adaptive capacity make small-scale farm-
ing vulnerable. According to Author [12], for instance, the KwaZulu-Natal Midlands is a 
climate change hotspot, as agricultural systems are highly vulnerable to climate variabil-
ity and have limited margins for adaptation due to a lack of infrastructure, income, and 
irrigation facilities.

The same can be seen throughout much of Sub-Saharan Africa, where agriculture 
is highly reliant on rainfall and thus highly exposed to climate variability. Author [2] 
demonstrates that changes in temperature and rainfall lead to reduced agricultural pro-
duction and a shorter growing season across the region. Similarly, Author [13] identifies 
frequent challenges faced by farmers, including changing rainfall patterns and reduced 
crop productivity, indicating that rainfall uncertainty remains one of the biggest challenges 
affecting agricultural production in climate-exposed economies.

The temperature channel is equally important, too. Authors [6] show that in exposed 
agricultural sectors, exceeding 32 °C has substantially negative effects on labour supply; 
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more broadly, empirical evidence suggests that heat exposure depresses agricultural yields, 
diminishes labour productivity, and creates uncertainty in the agricultural production of 
climate-vulnerable crop sectors. Studies conducted in developing countries also indicate that 
rising temperatures and changes in precipitation patterns may adversely affect agricultural 
yields, particularly for climate-sensitive crops such as maize, millet, and sorghum [14,15].

But literature also indicates that climate impacts can be non-linear and heterogeneous. 
Others report differences across crops, with some benefiting or even increasing yield under 
specific climate scenarios and others seeing significant decreases in productivity [16,17]. 
This indicates that an understanding of agro-ecological conditions, technological adaptation 
capabilities, institutional support, irrigation availability, and crop type is all-important in 
determining agricultural responses to climate change.

For South Africa specifically, Shoko et al. [18] provide an important benchmark by 
studying the impact of climatic conditions on maize production using an ARDL-ECM 
approach. The study they conducted illustrates how temperature, precipitation, and other 
production variables affect crop performance. The empirical scope of the present study is 
broader because it assesses overall agricultural performance rather than a particular crop, 
and synthesises climatic variables with macroeconomic and financial variables within a 
broader dynamic framework. The contribution also differs from traditional climate–crop 
relationship models by investigating whether agricultural performance is part of a wider 
system of adaptation to climate change under macro-financial constraints.

2.2.2. Structural Transformation and Agricultural Performance
There is a strong link between structural transformation and the relationship between 

economic growth and agricultural performance. There is strong evidence that as economies 
grow, labour, capital, and investment are more likely to be drawn from the agricultural 
sector to the manufacturing and service sectors. Such a shift can reduce agriculture’s 
relative importance in the economy, even though it is a key component of food security and 
rural livelihoods.

Recent work on structural transformation highlights the role of sectoral reallocation, 
human capital development, technological upgrading and productivity improvement for 
long-run economic growth. Author [19] illustrates the critical role of structural change and 
human capital development in productivity and competitiveness in emerging economies. 
In the same vein, research on South Africa’s sectoral transformation calls for integrated 
policy interventions that focus on infrastructure, skills, energy constraints, and sectoral 
diversification. The present study investigates agricultural adjustment within the broader 
development context of this literature; however, economic growth is not seen as a direct 
measure of structural transformation. LGDP is thus not seen as a simple measure of 
reallocation of resources by sector but as an indirect measure of reallocation of resources 
derived through the mechanism of economic activity.

2.2.3. Financial Development, Credit Constraints and Agriculture
It is well known that financial development can foster agricultural productivity and 

enable farmers to invest in agricultural practices such as irrigation, climate-resilient tech-
nologies, mechanisation, and market access. The literature reviewed from various sources 
indicates that access to agricultural credit improves farm productivity, technology adoption, 
and household income. Still, these improvements may not be evenly distributed across 
gender, income, and farm-size groups [20,21].

But the links between financial development and agricultural performance are complex. 
A number of the challenges that agricultural producers in developing countries face include 
ongoing credit constraints tied to collateral requirements, perceived climate risk, financial 
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literacy, banking infrastructure, and institutional barriers. In their systematic review of 
developing and underdeveloped countries, authors [3] indicate that farmers face various 
barriers to accessing formal credit and productive assets. By the same token [4], high-
lights certain constraints on access to agricultural credit in Africa, including information 
asymmetry, input prices, lack of cooperative membership, and poor rural infrastructure.

There is also evidence from South Africa and other developing countries that financial 
exclusion is a significant impediment to agricultural transformation. While the use of 
digital financial services and fintech products promises to enhance financial inclusion in 
agriculture, this relies on digital infrastructure, policy coordination, financial literacy, and 
institutional capacity [22,23]. Author [24] also reveals that informal financial institutions are 
often utilised by rural populations, as the formal financial system is largely urban-oriented.

This is a significant empirical lacuna. Many studies examine the link between credit 
access and agricultural productivity at the individual household or farm level. Still, few 
examine the aggregate relationship between financial sector development and agriculture 
within a macroeconomic time-series framework. The present study seeks to fill this gap by 
analysing financial development alongside climate and macroeconomic variables.

2.2.4. Macroeconomic Transmission: Inflation, Trade and Agricultural Output
Agricultural performance could also be affected by other macroeconomic indicators, 

such as inflation and openness to trade. There are incentive and cost effects of inflation on 
agriculture. Agricultural prices can be used to increase producer incentives and income, but 
can also be an inflationary factor in production. Inflation increases the production costs of 
inputs such as fertiliser, fuel, transport, machinery, and labour, thereby reducing production 
capacity and profitability.

Existing literature has demonstrated that inflationary pressures stemming from climate 
shocks, currency instability, rising fuel prices, and food supply challenges significantly 
affect agriculture. Furthermore [25] demonstrates that exchange rate depreciation and 
inflation had a positive impact on food prices, which in turn increased input prices and 
affected smallholder farmers in Nigeria. The influence of climate change on food availability, 
accessibility, and affordability has also been documented by the author [2], who reports 
decreased yields and shorter growing seasons for food crops in Sub-Saharan Africa. These 
studies corroborate the perception that agriculture is both environmentally sensitive and 
vulnerable to macroeconomic instability.

The impact of trade openness on agriculture is also ambivalent. Trade openness 
may also foster greater access to technology and inputs, as well as competitiveness and 
market access. Some disadvantages are that it can make domestic producers vulnerable to 
international price volatility, import competition, exchange rate fluctuations, and external 
shocks. The literature on the link between trade openness and food security remains sparse 
and largely lacks causal analysis, as author [26] points out. Author [27] highlights the nature 
of the impact that trade liberalisation could have on agriculture through scale, structural, 
transport, and technology effects.

2.2.5. South African Context and Empirical Gap
South Africa is a relevant country for analysing the performance of the agricultural 

sector, its economic and social roles amid climate change and structural transformation, 
as agriculture remains one of the most important sectors in the country despite its small 
share of GDP. Uncontrollable factors such as rising temperatures, variability in rainfall, 
drought events, water scarcity, land degradation, and unequal access to adaptation in-
frastructure pose risks to the sector. Meanwhile, farmers operate within a structurally 
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changing economy characterised by financial deepening, urbanisation, rising energy costs, 
and persistent inequality.

There was valuable information on climate vulnerability, agricultural adaptation, con-
servation agriculture, climate-smart agriculture, and extension services in the existing 
SA literature. Authors [28] describe the fragility of smallholders in the climate-sensitive 
zone, and [29] highlight the benefits of conservation and climate-smart agriculture for 
smallholder adaptation. But the current literature is more geared towards adaptation prac-
tices, vulnerability assessment and resilience at the farm level rather than the transmission 
mechanisms at the macro level.

The present study is motivated by three related gaps: Empirically, the majority of 
previous South African studies have focused on direct climate–agriculture interactions, 
crop-specific responses, farm-/agricultural-system vulnerability, or the response of agricul-
tural systems to climate change—with limited studies looking at the combined link between 
aggregate agricultural performance and climatic, macroeconomic, trade and finance condi-
tions. ARDL-ECM method approaches have been applied to specific agricultural outcomes 
in South Africa, including crop-level analyses; however, comparatively limited research has 
jointly examined climatic, macroeconomic, trade, and financial variables within a single 
dynamic specification that distinguishes long-run equilibrium relationships from short-
run adjustment processes. On a substantive basis, there is little evidence in the literature 
of a debate between interpreting agricultural vulnerability as a climate-production issue 
and viewing it as part of a wider climate–macro-financial adjustment system relevant to 
sustainable development. In this regard, the present study fills these gaps by integrating 
agricultural performance into a unified dynamic model and examining variables estimated 
directly, as well as those implicit in the broader model of agricultural development mecha-
nisms, such as structural transformation.

3. Data and Methods
3.1. Research Design

The research design for this study employs a quantitative approach, drawing on time-
series econometric methods to examine the relationships among climate change, structural 
change, and agricultural performance in South Africa. The use of a quantitative design 
is suitable, as it aims to examine the relationship between macroeconomic and climatic 
parameters using annual secondary data over time. The method provides an estimate 
of short-run dynamic adjustments and long-run equilibrium relationships between the 
variables of interest.

Additionally, the study utilised an explanatory design. It analysed the dynamic links 
among climatic conditions, macroeconomic variables, the development of the financial sec-
tor, and the performance of the agricultural sector in the South African economy. Specifically, 
the analysis considers economic activity, financial sector development, trade openness, the 
inflation rate, and temperature and rainfall conditions in relation to agricultural output. The 
estimated relationships are interpreted as conditional short-run and long-run associations 
rather than structural causal relationships.

3.2. South African Economic Context
This study must focus on South Africa, a developing economy with significant climatic 

variability, structural change, and sectoral inequalities. South Africa is an appropriate 
case study for analysing climate-sensitive agriculture, as agriculture is highly vulnerable 
and sensitive to rising temperatures, rainfall fluctuations, droughts, water scarcity, and 
environmental degradation. Furthermore, reliance on rain-fed agricultural production 
systems increases the vulnerability of crops to climate-driven productivity shocks [30].
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Agriculture is an important sector, with a relatively low share of Gross Domestic 
Product (GDP) but a significant role in food production, rural livelihoods, agro-processing 
industries, export earnings, and employment generation. South Africa’s agriculture remains 
highly dependent on the climate, yet several instances of instability render agricultural 
production vulnerable to climatic variability. Preliminary studies also indicate that inter-
provincial climate shock differences are present, leading to bi-modal climate regions and 
scope for inter-provincial climate shock differences that worsen agricultural productivity 
and rural vulnerability differences [31]. The geographical context of the study area is 
illustrated in Figure 2.

Figure 2. Study area map of South Africa. Source: Authors’ construction using public-domain 
geographic boundary data from Natural Earth. This map shows the Geographical area of South 
Africa, its provinces, neighbouring countries and some major South African cities. Natural Earth 
vector geographic data are made freely available and can be copied and modified without any special 
copyright permissions.

3.3. Data Sources
The data in this study consist of annual secondary time series for South Africa over 

51 years (1972–2022). Actually, the effective sample size varies across econometric proce-
dures due to data availability and adjustments to lag structures and differencing require-
ments. EViews 12 automatically adjusts the estimation sample based on the lag specifications 
specified in the manuscript and the number of observations available for each procedure. 
As a result, the number of observations used in the descriptive analysis can differ from 
that used in the unit-root tests and ARDL estimation. The information comes from the 
World Bank’s World Development Indicators and World Bank Climate Change Knowledge 
Portal, which provide data on agricultural performance, climatic conditions, macroeco-
nomic variables, trade openness, and financial sector development. EViews is used for the 
empirical analysis.

Agricultural performance, abbreviated as LNAGRI, is measured by taking the loga-
rithm of agricultural output. This output includes production from agriculture, forestry and 

https://doi.org/10.3390/su182111191

https://doi.org/10.3390/su182111191


Sustainability 2026, 18, 11191 10 of 28

fisheries. The basic agricultural series is a measure of output from the agricultural sector, 
and it is converted to natural logarithms before the estimation. Temperature, abbreviated 
as TEMP, is measured as the annual surface air temperature in degrees Celsius. Rainfall, 
abbreviated as RF, is measured as the annual precipitation in millimetres. These climatic 
series are used to show the temperature and rainfall conditions that affect agricultural 
production in South Africa.

Economic activity, abbreviated as LGDP, is measured by taking the logarithm of Gross 
Domestic Product. Since agricultural activity contributes to aggregate GDP, including LGDP 
alongside agricultural output introduces a potential part–whole relationship. Therefore, 
the estimated relationship between economic activity and agricultural performance is 
interpreted cautiously and does not, by itself, establish sectoral reallocation or structural 
transformation. The sensitivity of this relationship to alternative measures of economic 
activity is a consideration for the robustness of the empirical specification. LGDP is used to 
represent economic activity rather than as a direct measure of structural transformation. 
Trade openness, abbreviated as TO, is measured by dividing the sum of exports and imports 
by GDP. It is shown as a percentage of GDP. Financial sector development, abbreviated as 
FS, is measured by credit extended to the private sector as a percentage of GDP. FS shows 
how much credit financial institutions extend to the sector relative to the economy’s size.

The consumer-price variable, abbreviated as LCPI, is defined as the logarithm of the 
Consumer Price Index. The CPI shows the level of consumer prices and is therefore different 
from the annual inflation rate. The natural logarithm transformations used for LNAGRI, 
LGDP, and LCPI are kept the same as those used for the model variables.

3.4. Variable Description and Measurement
Table 1 shows that temperature and annual rainfall are included to capture climatic 

conditions relevant to agricultural production, particularly through heat stress, water avail-
ability, crop performance, and production stability. Economic activity is included based 
on its association with the broader macroeconomic environment for South Africa’s de-
velopment. Nevertheless, LGDP is not taken as a direct indicator of structural change or 
sectoral reallocation; aggregate economic activity can be understood in this context. The 
structural transformation theory thus does not claim to be an empirical proxy, but rather 
offers an interpretation. Trade openness reflects the degree of integration with international 
markets. At the same time, the Consumer Price Index represents the general consumer 
price level, which may be linked with agricultural production costs, market conditions, 
and profitability. Financial-sector development is proxied by domestic credit to the private 
sector as a percentage of GDP, capturing the relative scale of private-sector credit provision 
rather than the full breadth or institutional development of the financial system.

Table 1. Study Variables, Measurement, and Expected Relationships.

Variable Measurement/Proxy Proposed Source and 
Code Units/Transformation Expected Sign

LNAGRI Agricultural value added World Bank WDI Constant 2015 US$, natural 
logarithm Dependent

TEMP Mean annual surface 
temperature World Bank CCKP °C, level Negative

RF Annual precipitation World Bank CCKP mm/year, level Positive

LGDP Gross Domestic Product World Bank WDI Constant 2015 US$, natural 
logarithm Ambiguous

TO Trade openness World Bank WDI % of GDP, level Positive
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Table 1. Cont.

Variable Measurement/Proxy Proposed Source and 
Code Units/Transformation Expected Sign

FS Domestic credit to 
private sector World Bank WDI % of GDP, level Positive/Negative

LCPI Consumer Price Index World Bank WDI 2010 = 100, natural 
logarithm Ambiguous

3.5. Model Specification
The functional model is expressed as follows:

LNAGRIt  = f (TEMPt , RFt , LGDPt , TOt , FSt , LCPIt )

The econometric model is specified as

LNAGRIt  = 𝛽0  + 𝛽1 TEMPt  + 𝛽2 RFt  + 𝛽3 LGDPt  + 𝛽4 TOt  + 𝛽5 FSt  + 𝛽6 LCPIt  + 𝜀t 

where

• LNAGRIt  = Natural logarithm (ln) of agricultural output
• TEMPt  = Temperature
• RFt  = Annual rainfall
• LGDPt  = Logarithm of Gross Domestic Product Products
• TOt  = Trade openness
• FSt  = Financial-sector development
• LCPIt  = Logarithm of the Consumer Price Index
• 𝜀t  = Error term

The ARDL error-correction representation is specified as follows:

ΔLNAGRI𝑡 = 𝛼0 + ∑
𝑝

𝑖=1
𝛼𝑖ΔLNAGRI𝑡−𝑖 + ∑

𝑞

𝑖=0
𝛽𝑖Δ𝑋𝑡−𝑖 + λEC𝑇𝑡−1 + 𝜇𝑡

where

• Δ = First-difference operator
• ECTt −1  = Error-correction term
• 𝜆 = Speed of adjustment parameter
• 𝜇t  = White-noise error term

Rainfall (RF) and temperature (TEMP) were initially incorporated into the model to 
capture climatic conditions influencing agricultural performance. However, their inclusion 
raised concerns regarding potential multicollinearity, as both variables reflect related di-
mensions of climatic variability. Consequently, rainfall was excluded from the final ARDL 
specification to address these concerns. At the same time, temperature was retained along-
side economic activity (LGDP), trade openness (TO), financial sector development (FS), 
and the consumer price index (LCPI). This specification decision does not diminish the 
theoretical importance of rainfall but reflects the methodological considerations associated 
with the preliminary model estimation.

3.6. Estimation Procedure
Descriptive analysis, stationarity test, lag-length selection, cointegration test, long-

run estimation, short-run estimation, diagnostic test, and causality test are adopted as a 
systematic econometric analysis procedure in the empirical analysis. The evaluation of 
statistical inference at the 1%, 5% and 10% levels. Thus, coefficients with p-values < 0.01, 
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0.05 and 0.10 are deemed statistically significant at the 1%, 5% and 10% levels, respectively. 
Results significant at the 10% level are simply described as ‘marginally significant’ to clearly 
differentiate them from the level of significance of 1% and 5%.

3.6.1. Descriptive Statistics Procedure
To summarise the characteristics of the variables, descriptive statistics such as the 

mean, median, standard deviation, skewness, kurtosis, and Jarque–Bera statistics are first 
used [32,33].

3.6.2. Unit Root Tests
To assess whether variables are stationary, this study uses the Augmented Dickey–

Fuller (ADF) and Phillips–Perron (PP) tests [34]. The ARDL methodology requires that 
variables be integrated of order zero (I(0)) or order one (I(1)), but not of order two (I(2)).

The ADF equation is represented as

Δ𝑦𝑡 = 𝛼0 + βt + 𝛾𝑦𝑡−1 + ∑
𝑝−1

𝑖=1
𝛿𝑖Δ𝑦𝑡−𝑖 + 𝜇𝑡

The Phillips–Perron equation is represented as

Yt  = 𝛽0  + 𝛽1 Yt −1  + 𝜇t 

Before applying the ARDL bounds-testing approach, the variables’ integration proper-
ties were assessed using the ADF and PP tests. Both tests were applied to assess stationarity 
at the level and first-difference levels, and the statistical significance was assessed at the 1%, 
5% and 10% levels. If the tests did not agree, the interpretations were based on each test’s 
significance level. The ARDL bounds-testing approach allows for the inclusion of I(0) and 
I(1) variables, but no variable to be integrated of order I(2).

3.6.3. Lag Length Selection
The Akaike Information Criterion (AIC), Schwarz Information Criterion (SC), and 

Hannan–Quinn Information Criterion (HQ) [35,36] were used to evaluate the optimum 
lag length. The preliminary Vector Autoregression (VAR) lag-order selection procedures 
indicate that the Schwarz Criterion (SC), Hannan–Quinn Criterion (HQ), Final Prediction 
Error (FPE), and sequential modified likelihood-ratio (LR) test suggest using one lag. In 
contrast, the Akaike Information Criterion (AIC) suggests using 4 lags. The VAR test for 
lag order was not performed together with the ARDL test for lag selection; the latter was 
applied to the variables separately. For the ARDL estimation, a maximum lag order of 
four was considered, with the Schwarz Criterion guiding the selection of the preferred 
specification, ARDL(1,0,0,1,0,0).

3.6.4. ARDL Bounds Cointegration Test
The ARDL bounds testing procedure is used to verify the presence of a long-run 

equilibrium relationship between the variables. When the calculated F-statistic exceeds the 
upper-bound critical value, cointegration exists [37].

3.6.5. Long-Run and Short-Run Estimation
After the cointegration analysis, the long-run coefficients are estimated, along with the 

short-run error-correction model (ECM) [37,38]. The error-correction coefficient measures 
the speed at which deviations from the estimated long-run equilibrium are corrected over 
time. Convergence to the estimated long-run equilibrium can be inferred from a negative 
and statistically significant error-correction coefficient.
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3.6.6. Granger Causality Analysis
The study applies VAR Granger-causality/block-exogeneity Wald tests [39,40] to ex-

amine temporal predictive relationships among the climatic, macroeconomic, financial, and 
agricultural variables. In the context of this paper, the Granger causal interpretation is in 
the prediction sense. If the null hypothesis is rejected, it means that the past values of one 
variable contain statistically significant predictive information for the other variable in the 
estimated system. The rejection of the null hypothesis indicates temporal predictive associ-
ation within the estimated system and should not be interpreted as evidence of structural 
or behavioural causality.

3.7. Diagnostic and Stability Tests
To ensure model reliability and robustness, several post-estimation diagnostic tests 

are conducted.
Table 2 indicates that the Jarque–Bera test is used to assess the normality of the model 

residuals [41], while the Breusch–Godfrey LM test is used to assess residual serial corre-
lation. Heteroskedasticity is tested with the Breusch–Pagan–Godfrey test, and possible 
functional-form misspecification is tested with the Ramsey RESET test. Multicollinearity of 
regressors is examined using the Variance Inflation Factor (VIF). The cumulative sum of 
recursive residuals (CUSUM) test [42] is used to test for parameter stability. If the CUSUM 
statistic remains within the corresponding critical limits, it indicates that the parameters 
are reasonably stable over the estimation period. The CUSUM test, however, does not rule 
out that all potential structural changes have been ruled out.

Table 2. Post-Estimation Diagnostic and Parameter-Stability Tests.

Diagnostic Test Purpose

Jarque–Bera Test Tests the normality of residuals
Breusch–Godfrey LM Test Tests serial correlation

Breusch–Pagan–Godfrey Test Tests heteroskedasticity
Ramsey RESET Test Tests functional-form specification

Variance Inflation Factor (VIF) Tests multicollinearity
CUSUM Test Tests parameter stability

4. Findings
4.1. Descriptive Statistics

Table 3 presents descriptive statistics for each variable based on 49 observations, al-
though the nominal study period extends from 1972 to 2022 and comprises 51 annual 
observations. The number of observations used in the EViews output is the number of 
observations from the nominal period that are actually included in the descriptive analysis. 
EViews will modify the effective estimation sample for the following econometric proce-
dures, depending on the number of observations available, the chosen lag structure, and 
the differencing requirements. Thus, descriptive analysis, ARDL estimation and unit root 
testing may have different numbers of observations. This is relevant to the interpretation of 
the empirical results, especially given the limited number of annual observations available 
for statistical inference.
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Table 3. Summary Descriptive Statistics of the Study Variables.

Statistic LNAGRI TO TEMP LCPI LGDP FS

Mean 1.220477 48.03969 17.98857 0.907976 3.559099 91.25621
Median 1.183534 48.21139 18.06000 0.938541 3.523283 100.2704

Maximum 1.970194 65.97452 19.27000 1.270793 3.941364 139.6404
Minimum 0.655886 34.32135 16.92000 0.314468 3.014726 41.07676
Std. Dev. 0.388335 7.111141 0.504591 0.223551 0.235488 31.07977
Skewness 0.212841 0.053169 0.106612 −0.397006 −0.174682 −0.088558
Kurtosis 1.776342 2.521274 2.842983 2.414706 2.167605 1.372758

Jarque–Bera 3.427030 0.490994 0.143160 1.986589 1.663827 5.470207
Probability 0.180231 0.782316 0.930922 0.370355 0.435216 0.064887

Sum 59.80338 2353.945 881.4400 44.49084 174.3958 4471.554
Sum Sq. Dev. 7.238611 2427.280 12.22140 2.398809 2.661827 46,365.70
Observations 49 49 49 49 49 49

Source: Author’s own computations using EViews 12 Software.

The standard deviation for performance labelled LNAGRI is 0.3883, and the mean 
is 1.2205. This shows that agricultural output changed over the years. Trade openness 
(TO) has a spread. Its mean is 48.0397. The standard deviation is 7.1111. Temperature, 
called TEMP, averages 17.9886 degrees Celsius with a spread. The standard deviation is just 
0.5046 degrees. Financial-sector development (FS) has variation with a standard deviation 
of 31.0798. In contrast, LGDP and LCPI show variation.

The Jarque–Bera test p-values for all variables are above 0.05. That means we do not 
reject the idea that the data are normally distributed at the 5% significance level. These stats 
give a picture of how the variables are spread out, but they do not prove cause and effect. 
They are not a replacement for the econometric analysis that comes later.

Overall, the numbers show that agricultural performance and macroeconomic variables 
exhibit varying levels of variation. The small temperature spread does not mean there was 
no climate change or that climate did not have an effect. It just means that the temperature 
changed within a range compared to other economic variables over the same period.

4.2. Unit Root and Stationarity Test
The results from both the Augmented Dickey–Fuller test and the Phillips–Perron test 

are shown in Table 4. LNAGRI and FS are unstable when viewed at their levels but become 
stable after taking first differences. These variables are therefore considered I(1). For LGDP, 
the tests show results for the original values, but both indicate stability after first differences. 
LGDP is therefore considered I(1). TEMP and RF are stable based on their values and are 
therefore considered I(0). For LCPI, the ADF test at level has a p-value of 0.0977, which 
shows stability at the 10% significance level. The PP test provides stronger evidence of 
stability at level (p = 0.0006). LCPI is therefore considered I(0), with the ADF evidence 
being significant at the 10% level.

The I(0) status of TEMP and RF means that the idea of a unit root is rejected when 
looking at the values. These variables do not need to be differenced to become stationary. 
LNAGRI and FS become stable after differencing. LGDP is considered I(1) because the 
results at level are mixed. There is clear stability after first differencing. These classifications 
reflect the behaviour of the data and do not imply that weather or economic variables 
remain constant over time.
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Table 4. ADF and PP Unit-Root Test Results.

Variable
ADF 

p-Value
(Level)

ADF 
p-Value
(First 
Diff.)

ADF 
t-Stat

(Level)

ADF t-Stat
(First 
Diff.)

PP 
p-Value
(Level)

PP p-Value
(First 
Diff.)

PP t-Stat
(Level)

PP t-Stat
(First 
Diff.)

Order of 
Integration

LNAGRI 0.3386 0.0000 −2.4752 −6.7655 0.3454 0.0000 −2.4608 −8.9219 I(1)

TEMP 0.0008 - −5.0562 - 0.0015 - −4.8276 - I(0)

RF 0.0001 - −5.6095 - 0.0001 - −5.6438 - I(0)

LCPI 0.0977 - −3.1933 - 0.0006 - −5.1285 -

I(0); ADF 
significant at 10%, 

PP significant 
at 1%

LGDP 0.0977 0.0003 −3.1933 −5.3472 0.2078 0.0003 −2.7895 −5.3472

I(1); mixed at 
level, stationary 

after first 
difference

FS 0.9706 0.0000 −0.6754 −6.6023 0.9706 0.0000 −0.6754 −6.6023 I(1)

Source: Author’s own computations using EViews 12 Software.

No variable is considered to be integrated of order two, I(2). This supports the use of 
the ARDL bounds-testing approach, which applies to variables that are I(0) or I(1). The mix 
of integration levels provides a rationale for continuing the ARDL cointegration analysis.

The ARDL framework can be utilised, as the results are supported by both the ADF 
and PP unit-root tests; however, the results should be considered in light of the statistical 
limitations of these tests. Specifically, the evidence of level stationarity for LGDP varies 
between the two tests and the evidence of I(0) for LCPI varies across significance levels. 
These differences show that the results on the presence of a unit root are sensitive to the test 
used and the significance level selected. Moreover, the relatively small size of the annual 
sample and the limited number of years could influence the power of the traditional unit-
root tests, and structural changes may occur within the time frame. As a result, appropriate 
caution should be exercised when interpreting the integration classifications and long-
term estimates.

4.3. Lag Selection
The VAR lag-order selection criteria of the variables’ general dynamic structure are 

presented in Table 5. The five criteria discussed, namely the likelihood-ratio statistic, the 
final prediction error, the Schwarz criterion, and the Hannan–Quinn criterion, all prefer one 
lag. In contrast, the Akaike information criterion prefers four lags. Because of the annual 
nature of the data and the relatively small number of observations, it is desirable to keep 
the number of parameters in the dynamic structure to a minimum.

Table 5. VAR Lag-Order Selection Criteria.

Lag LogL LR FPE AIC SC HQ

0 −262.4592 NA 0.019612 13.09557 13.34634 13.18688
1 −112.8439 248.1424 * 7.84 × 10−5  * 7.553362 9.308729 * 8.192570 *
2 −79.73018 45.22853 0.000101 7.694155 10.95412 8.881255
3 −45.04511 37.22300 0.000149 7.758298 12.52286 9.493290
4 3.991515 38.27249 0.000163 7.122365 * 13.39153 9.405250

Note: * indicates the lag order selected by the corresponding criterion or test. Source: Authors’ own 
computations using EViews 12 software.
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The VAR lag-order criteria reported in Table 5 are intended to provide guidance on the 
general dynamic structure, not to determine the specific lag order for each variable in the 
ARDL model. Rainfall (RF) was part of the initial specification but was excluded during 
model refinement due to multicollinearity concerns. Accordingly, the final estimated ARDL 
specification retains TO, TEMP, LGDP, FS, and LCPI as explanatory variables.

4.4. Cointegration
The ARDL bounds test results are presented in Table 6. The calculated F-statistic, 5.8566, 

exceeds the upper-bound critical values at the 10%, 5%, and 2.5% significance levels. Based 
on the results, the null hypothesis of no long-run level relationship among the variables 
included in the final ARDL specification is rejected, indicating cointegration among the 
variables under investigation.

Table 6. ARDL Bounds-Test Results for Cointegration.

Test Statistic Value Significance I(0) I(1)

F-statistic 5.856586 10% 2.08 3.00
K 5 5% 2.39 3.38

2.5% 2.70 3.73
Source: Author’s own computations using EViews 12 Software.

The bounds-test result does not tell us the direction or magnitude of individual rela-
tionships; it only tells us that, in the long run, there is a relationship. These are evaluated by 
examining the estimated long-run coefficients and the short-run error-correction model, as 
shown in Table 7. The lag-selection exercise considered up to four lags, and the Schwarz Cri-
terion (SC) was used to favour a parsimonious specification. This resulted in the selection 
of the ARDL(1,0,0,1,0,0) model.

4.5. Long-Run and Short-Run Estimates
The long-run stationary coefficients and short-run error-correction results for the 

ARDL(1,0,0,1,0,0) are reported in Table 7. The model estimates include different specifica-
tions of interactions among agricultural performance and climatic, macroeconomic, trade 
and financial inputs.

Table 7. Long-Run Coefficients and Short-Run Error-Correction Results.

Model: ARDL(1,0,0,1,0,0)
Dependent Variable: D(LNAGRI)

Case 2: Restricted Constant and No Trend
Long-Run Equation

Variable Coefficient Std. Error t-Statistic Probability

TO 0.007960 0.004542 1.752581 0.0873
TEMP −0.111940 0.070701 −1.583300 0.1212
LGDP −0.798464 0.222477 −3.588978 0.0009 ***

FS −0.003217 0.001655 −1.944267 0.0589 *
LCPI 0.399379 0.200893 1.988015 0.0537 *

C 5.588067 1.212609 4.608300 0.0000 ***
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Table 7. Cont.

Short-Run ECM Regression

Variable Coefficient Std. Error t-Statistic Probability

D(LGDP) 0.123603 0.185089 0.667801 0.5081
CointEq (−1) −0.474150 0.069055 −6.866259 0.0000 ***

Model Diagnostics
R-squared 0.496562

Adjusted R-squared 0.485618
Durbin-Watson stat 2.100035

Note: * and *** indicate statistical significance at the 10% and 1% levels, respectively. Source: Author’s 
own computations using EViews 12 Software.

The trade openness (TO) coefficient is positive (0.0080) and has a p-value of 0.0873 in 
the long run. The coefficient is marginally significant at the 10% level (HL). There is some 
evidence that the more open a country is to trade, the better its agricultural performance, 
though the statistical significance is relatively weak.

The long-run association between TEMP and agricultural performance is negative 
(β = −0.1119), not statistically significant at conventional levels (p = 0.1212). Overall, the 
negative sign of the temperature variable aligns with theoretical predictions. However, the 
estimated long-run coefficient lacks sufficient statistical significance to be confident that tem-
perature has an independent impact on agricultural performance over the sample period.

Economic activity is statistically significantly and inversely related in the long run 
(r = −0.7985, p = 0.0009). This suggests a strong negative conditional association between 
the measured economic activity variable and agricultural performance. The finding provides 
a negative conditional association between economic activity and agricultural performance. 
The outcome can be explained within the overall theoretical framework addressing structural 
economic change. Still, it is not measured directly or indirectly, since reallocation across 
sectors is not an explicit measure in the model.

The financial-sector development (FS) variable has a coefficient of −0.0032 and a 
p-value of 0.0589, which is on the margin of significance at the 10% level. The outcome 
indicates that higher development of the financial sector does not necessarily go hand 
in hand with better agricultural performance during the period of study. But the model 
does not explicitly specify the mechanism underlying this relationship. Unequal access to 
agricultural credit is a plausible explanation, but other explanations related to the nature of 
financial development and the allocation of credit across sectors are also worth considering.

The consumer price level (LCPI) has a coefficient of 0.3994 with a p-value of 0.0537, 
indicating a positive association that is marginally significant at the 10% level. The positive 
relationship may be due to price incentives prevailing for agricultural producers, while 
inflation can also increase the costs of agricultural inputs such as fertiliser, fuel, labour, and 
transport. The conclusion should, therefore, be considered in the light of an empirical net as-
sociation and not whether inflation is necessarily a positive factor in agricultural production.

The short-run relationship between a change in economic activity and agricultural 
performance in the estimated specification is neither statistically significant nor com-
pelling: the coefficient on D(LGDP) is positive in sign, but the p-value is >0.500, and 
β = 0.1236. In contrast, the error-correction coefficient is negative and statistically highly 
significant (ECT = −0.4742, p < 0.001). This suggests that, with data published annually, 
around 47.4% of the disequilibrium from the previous period is rectified within one year, 
which is consistent with convergence to the estimated long-run equilibrium following 
short-term disturbances.
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Overall, the results suggest that agricultural performance is associated with a combi-
nation of climatic and macro-financial conditions. These relationships vary in their strength 
and statistical significance and should be interpreted as conditional dynamic associations 
rather than strict structural causality.

4.6. Post-Estimation Model Diagnostics
The diagnostic tests listed in Table 8 are the main tests conducted after the estimation. 

The statistic from the Jarque–Bera test is 0.7361 with a p-value of 0.6921, which does not 
support rejection of the null hypothesis of normality of the residuals at the 5% significance 
level. The probability of the Breusch–Godfrey LM test is 0.2881, indicating no evidence of 
residual serial correlation. Likewise, there is no evidence of heteroskedasticity from the 
Breusch–Pagan–Godfrey test (p = 0.5868), and there is no evidence of misspecification of 
the functional form from the Ramsey RESET test (p = 0.9557).

Table 8. Residual and Specification Diagnostic Test Results.

Test Statistic Probability Decision

Jarque–Bera normality 0.736098 0.692083 Residuals normally distributed
Breusch-Godfrey LM, F-statistic 1.285990 0.2881 No serial correlation

Breusch-Pagan-Godfrey, F-statistic 0.806693 0.5868 No heteroskedasticity
Ramsey RESET, F-statistic 0.003120 0.9557 Correct functional form

Source: Author’s own computations using EViews 12 Software.

Together, they support the claim that the estimated model is adequate with respect 
to the emphasised diagnostic properties. They do not, however, conclude that all possible 
model uncertainties have been taken away. The ARDL coefficients are therefore considered 
conditional (short- and/or long-run) relationships rather than the actual causal ones.

Multicollinearity Assessment
The centred Variance Inflation Factor (VIF) values of the explanatory variables are 

shown in Table 9. The VIF values range from 1.3459 to 3.5812, with trade openness (TO) 
having the lowest and financial-sector development (FS) the highest. The values are all in 
line with generally accepted cutoffs for severe multicollinearity in the estimated specification 
and therefore do not indicate a large multicollinearity problem. These VIF values pertain 
to the final specification after rainfall (RF) was excluded during model refinement due to 
multicollinearity concerns identified in the initial specification. Accordingly, the VIF results 
reported in Table 9 assess multicollinearity among the explanatory variables retained in the 
final ARDL model.

Table 9. Variance Inflation Factor (VIF) Results.

Variable Centred VIF

TO 1.345922
TEMP 1.945565
LGDP 3.462864

FS 3.581191
LCPI 2.357818

C NA
Source: Author’s own computations using EViews 12 Software.
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The VIF results should not be taken as implying that each variable has an indepen-
dent causal explanatory power. Instead, they suggest that the correlation among the 
regressors is not strong enough to indicate that the estimated coefficient variances are 
highly overestimated. This provides further support for the statistical interpretation of the 
ARDL coefficients.

Normality Test

The normality test for residuals is shown in Figure 3. The Jarque–Bera statistic is 
0.7361 with a probability of 0.6921. The null hypothesis of residual normality is not rejected 
because the p-value exceeds the 5% significance level. The result thus fails to provide any 
statistical evidence of a departure from normality in the estimated residuals.

 

Figure 3. Normality test (histogram and Jarque–Bera test)—source: Author’s own computations 
using EViews 12 Software.

Stability test

Figure 4 shows that the bounds of the CUSUM statistic do not cross the 5% critical 
values during the period under analysis, indicating that the stability of the estimated 
model’s parameters is not rejected. Therefore, the obtained result is well complemented for 
recursive coefficient stability when running the CUSUM procedure. However, it should 
not be interpreted as evidence that there are no structural breaks, because CUSUM is a 
parameter-stability diagnostic, not a complete test for structural breaks.

Figure 4. CUSUM test. Source: Author’s own computations using EViews 12 Software.
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4.7. VAR Granger Causality/Block Exogeneity Wald Tests
The results for the VAR Granger-causality/block exogeneity Wald test are displayed in 

Table 10. In the case of agricultural performance (LNAGRI), the temperature (TEMP) is a 
statistically significant variable (χ2  = 7.7364, p = 0.0209). In the case of economic activity 
(LGDP), it is a statistically significant variable (χ2  = 8.4544, p = 0.0146). The results show 
that significant statistical information exists in past values of both temperature and economic 
activity, capable of predicting agricultural performance estimated in the given system.

Table 10. VAR Granger-Causality/Block-Exogeneity Wald Test Results.

Dependent Variable: LNAGRI

Excluded Chi-sq df Prob.

TO 2.115137 2 0.3473
TEMP 7.736368 2 0.0209
LCPI 0.263300 2 0.8766
LGDP 8.454408 2 0.0146

FS 1.338378 2 0.5121
All 28.44199 10 0.0015

Dependent Variable: TO

Excluded Chi-sq df Prob.

LNAGRI 0.072685 2 0.9643
TEMP 1.052768 2 0.5907
LCPI 12.11842 2 0.0023
LGDP 0.533474 2 0.7659

FS 0.141043 2 0.9319
All 22.66717 10 0.0120

Dependent Variable: TEMP

Excluded Chi-sq df Prob.

LNAGRI 1.966858 2 0.3740
TO 1.243133 2 0.5371

LCPI 0.062230 2 0.9694
LGDP 2.821890 2 0.2439

FS 1.045311 2 0.5929
All 23.89516 10 0.0079

Dependent Variable: LCPI

Excluded Chi-sq df Prob.

LNAGRI 3.764407 2 0.1523
TO 0.923705 2 0.6301

TEMP 4.404433 2 0.1106
LGDP 1.301912 2 0.5215

FS 6.213869 2 0.0447
All 24.88857 10 0.0056
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Table 10. Cont.

Dependent Variable: LGDP

Excluded Chi-sq df Prob.

LNAGRI 1.269759 2 0.5300
TO 1.105963 2 0.5752

TEMP 0.241403 2 0.8863
LCPI 0.032012 2 0.9841

FS 1.288600 2 0.5250
All 10.86861 10 0.3678

Dependent Variable: FS

Excluded Chi-sq df Prob.

LNAGRI 0.154213 2 0.9258
TO 4.373946 2 0.1123

TEMP 0.610443 2 0.7370
LCPI 0.402590 2 0.8177
LGDP 2.727888 2 0.2557

All 8.302503 10 0.5993
Source: Author’s own computations using EViews 12 Software.

The reverse predictive relationship is not statistically significant. In the LGDP equation, 
LNAGRI has a p-value of 0.5300; therefore, the null hypothesis that agricultural performance 
does not Granger-predict economic activity is not rejected. The evidence consequently 
supports predictive information running from LGDP to LNAGRI, but not from LNAGRI 
to LGDP.

However, other predictive relations are also seen in the larger system. For instance, 
LCPI has a p-value of 0.0023 for the trade-openness equation, and FS has a p-value of 
0.0447 for the inflation equation. The study’s main agricultural finding is that lagged 
temperature and economic activity contain statistically significant predictive information 
for agricultural performance.

5. Discussion of Empirical Findings
5.1. Temperature and Agricultural Performance

The long-run TC (β) is found to be −0.1119, as is generally expected, since increasing 
temperature and stress levels have adverse effects on the system, including reduced evapo-
transpiration, decreased soil moisture, and increased water requirements of agricultural 
systems. The coefficient is not statistically significant at conventional levels (p = 0.1212), 
however. The ARDL result, however, does not implicitly validate a long-run temperature-
driven effect. In the complementary Granger-predictive approach, past temperatures contain 
statistically significant information for predicting agricultural performance (p = 0.0209). 
It is important to note that the observed predictive relationship should not be interpreted 
as structural causality. Current empirical research, however, shows that warming may 
negatively affect agricultural productivity [43,44] and, more broadly, that temperature 
shocks reduce productivity [7,45].

https://doi.org/10.3390/su182111191

https://doi.org/10.3390/su182111191


Sustainability 2026, 18, 11191 22 of 28

Trade, Openness, and Agricultural Performance
The coefficient on trade openness is positive and marginally significant at the 10% 

level (β = 0.0080, p = 0.0873). The findings tentatively confirm a tendency toward higher 
agricultural performance with greater international market integration. In principle, trade 
openness can have positive consequences for market access, access to technology and 
productive inputs, and for producers’ access to comparative advantage [46,47]. Evidence-
based analysis also suggests that the benefits of liberalisation in agricultural trade could 
include improved market access and increased agricultural competitiveness. However, 
these benefits may be offset by price volatility and external shocks [47,48].

5.2. Economic Activity
The long-run correlation between economic activity (LGDP) and agricultural perfor-

mance is negative and statistically significant (β = −0.7985, p = 0.0009). The result shows 
that if all other economic-activity variables in the model are held constant, a higher value of 
the measured economic-activity variable is associated with lower agricultural performance.

The coefficient itself must not be seen as a direct measure of structural change. One 
possible reason to analyse the result in terms of structural transformation theory is that this 
economic development can lead to a restructuring of the sectoral allocation of labour, capital, 
investment, and output. However, the abstraction of these reallocations is not directly mea-
sured by the model. The finding is therefore reported not as an identification of structural 
change, but as a negative association with a broader change in the economy’s structure. 
Previous studies have documented how long-term sectoral changes cause agriculture to 
lose ground as a share of the economy [49].

5.3. Financial Sector Development and Agricultural Constraints
There is a negative, albeit only slightly significant, LYR between financial-sector de-

velopment (FS) and agricultural performance (β = −0.0032, p = 0.0589). The prevailing 
financial intermediation theory holds that a deeper and more efficient financial system 
can facilitate agricultural investment by better providing access to finance for technology, 
irrigation, machinery, productive inputs, and climate adaptation [50]. The overall picture 
emerging from the present study, however, suggests that development in the financial sector 
does not necessarily lead to improvement in agricultural performance.

The results could be consistent with the limitations on financing for agricultural pro-
duction during periods of high perceived risk for agricultural borrowers, high collateral 
requirements, and low return rates. These, however, are not explicitly mentioned in the 
present model and are therefore to be understood as potential explanatory mechanisms 
rather than causal channels. Some of the previously documented patterns include the 
relationships between financial access, inequality and credit constraints [51].

5.4. Consumer Price Index and Agricultural Price Incentives
The coefficient for the long-run Natural logarithm of the Consumer Price Index (LCPI) 

is slightly positive but not significantly so (p = 0.0537; β = 0.3994). This may indicate 
a trade-off between price incentives and production costs. Expected farm incomes and 
production incentives may be enhanced with an increase in output prices, whilst inflation 
would increase the cost of production for the farm by increasing the cost of fertiliser, fuel, 
transport, machinery, labour and other productive inputs. The positive coefficient thus 
reflects not a genuine tendency of inflation to boost agricultural production, but the net 
associations of inflation during the sample period. The same is true of the broader literature, 
which identifies the incentive and cost effects of food-price or inflationary pressures on 
agricultural activity [52].
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5.5. Short-Run Adjustment and Sectoral Responsiveness
The error-correction coefficient 0.4742 (negative) is statistically significant at the 1% 

level, and indeed, the results move closer to the long-run equilibrium. Given that the 
study is based on yearly data, about 47.4% of the disequilibrium from the previous period 
is balanced within one year. The coefficient should thus be directly understood as the 
annual speed of adjustment, not just as “rapid adaptation.” However, a progression towards 
equilibrium does not necessarily imply resilience, as climatic and macroeconomic shocks 
can still recur in agriculture even as equilibrium is progressively restored [45].

6. Policy Implications and Recommendations
The findings have important implications for sustainable agricultural development 

in South Africa, indicating that agricultural performance is associated not only with cli-
matic conditions but also with broader macroeconomic, financial, and trade dynamics. 
Agricultural sustainability must then be treated as a development challenge across its mul-
tifaceted aspects: climate resilience, eco-economic security, access to productive finance, 
food-system security, and the agricultural sector’s ability to remain productive in a changing 
economic framework.

First, the negative long-run temperature sensitivity, while not statistically significant at 
“standard” levels, fits into the general discussion of the vulnerability of agricultural produc-
tion to climatic stresses. The Granger-predictive results also suggest that the temperature 
data contain a statistically significant amount of information for predicting agricultural 
performance. Taken together with the broader climate–agriculture evidence, these findings 
support consideration of adaptation measures such as water management, climate-resilient 
production systems, agricultural technologies, and measures that strengthen producers’ 
capacity to respond to climatic shocks. Those interventions play key roles in sustaining 
agricultural productivity, food availability, rural livelihoods, and long-term environmental 
and economic resilience.

Secondly, the negative relationship and significant statistical result at the long-run level 
of economic activity and agricultural activity emphasise that agriculture should form a part 
of South Africa’s development process. This connection should not be taken as a sign of 
structural transformation; however, it may be viewed as an indication that broader economic 
growth might cause a redistribution of factors of labour, investment, capital and productive 
resources between industries. Economic diversification to achieve sustainable development 
should not be at the expense of agriculture’s productive capacity, rural employment, food 
system resilience, or investments in regions vulnerable to climate change.

Thirdly, financial-sector development is negatively associated with agricultural per-
formance, with the coefficient being marginally significant at the 10% level. This finding 
suggests that aggregate financial deepening does not necessarily translate into improved 
agricultural outcomes during the study period. This model does not explicitly call out 
the channelling mechanism. However, the results make it clear that doing both effectively 
would go a long way toward ensuring that the financial sector’s development goes hand 
in hand with productive agricultural finance. Policy initiatives that aim at improving the 
sustainability of agricultural production should thus take into account the financial needs 
of commercial and smallholder farming households, with a specific focus on investments 
in productive assets such as irrigation facilities, adaptation to changing climatic condi-
tions, mechanisation, storage, insurance coverage, etc., that can increase the long-term 
productivity of the sector.

Fourth, the positive and marginally significant relationship between the consumer price 
level (LCPI) and agricultural performance. Under certain conditions, higher agricultural 
prices could boost anticipated producer income, while inflation across the board imposes 
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additional costs on producers for fertiliser, fuel, machinery, transportation, labour, and other 
inputs. Thus, sustainable agricultural policy should not only seek to influence output-price 
incentives but also maintain the macroeconomic environment so that, as input prices rise, 
productive capacity, food affordability, and the financial viability of agricultural enterprises 
rise as well.

Fifth, Agricultural performance shows a positive, although not very strong, long-run 
correlation with trade openness. This indicates that increased integration with international 
markets can create opportunities through market expansion, increased export demand, 
technology diffusion, and greater access to productive inputs. Exposure to international 
price volatility, to import competition, and the risk of external shocks should, however, be 
set against such potential benefits. Agricultural sustainability should thus be encouraged 
through trade, encouraging greater domestic competitiveness and productive capacity, and 
greater robustness (or resilience) of the agricultural sector to external market shocks.

The findings presented together point to a more holistic policy approach, one in 
which not only is climate adaptation integrated into agricultural, macroeconomic, financial, 
and trade and development policies, but also the factors that shape agricultural practices 
are considered in the context of climate adaptation. The sectors and policy areas are 
interdependent in sustainable agricultural development due to interacting pressures related 
to financing, input costs, market access, economic activity, and sectoral adjustment in 
response to climate pressures. Increased coordination of this could help strengthen food-
system stability, sustain agricultural contributions to rural livelihoods, achieve more resilient 
agricultural production, and maintain the productive capacity of South Africa’s agricultural 
sector in the long term.

7. Conclusions
In this study, the impact of climatic conditions and the interactions amongst macroe-

conomic, financial-sector, Consumer Price Index, trade openness, and agricultural per-
formance on South Africa’s economy are analysed using an ARDL framework. Together, 
these factors are used to understand the implications for agricultural performance and to 
place South Africa’s agricultural system in a more global context, relevant to sustainable 
agricultural development from a climate–macro–financial perspective.

The ARDL approach provides evidence of the long-run relationship among the vari-
ables included in the last estimated specification. The long-term results indicate a significant 
negative association between economic activity and agricultural performance (p = 0.0009, 
β = −0.7985). This discovery is to be considered indicative of a negative conditional relation-
ship between economic activity and agricultural performance, but not as direct evidence of 
the structural change described in empirical research. In interpreting the results, it is impor-
tant to take into account the broader theoretical framework of structural economic change. 
However, the actual sectoral reallocation is not shown directly in the empirical model.

Financial-sector development also has a negative coefficient of medium to low size 
(β = −0.0032, p = 0.0589) and is only significant at the 10% level. This finding suggests that 
a more developed financial sector does not necessarily translate into better results in the 
agricultural sector. However, the model used here does not directly link this relationship 
to underlying mechanisms. The coefficient associated with consumer price level (LCPI) 
is positive and marginally significant at the 10% level (β = 0.3994, p = 0.0537), and the 
coefficient with respect to trade openness is also positive and marginally significant at the 
10% level (β = 0.0080, p = 0.0873).

Although the coefficient on (long-run) temperature is negative (β = −0.1119), it is 
not statistically significant at conventional levels (p = 0.1212). Consequently, the long-
run result does not offer (strictly) strong enough statistical evidence to show that the 
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effect of temperature on aggregate agricultural performance per se was indeed negative 
during the study period. However, the Granger predictive analysis suggests that past 
temperature values contain statistically significant information for agricultural performance 
(p = 0.0209). Economic activity also contains statistically significant predictive information 
for agricultural performance (p = 0.0146). The results should not be taken as evidence for a 
structural cause.

The short-run results also show that the error-correction coefficient is negative and 
highly significant, with a value of –0.4742 and a p-value < 0.001. Given the annual frequency 
of the data, roughly 47.4% of the disequilibrium from the previous period is corrected in 
the first year. This is evidence that after short-run disturbances, agricultural performance 
approaches the estimated long-run equilibrium.

This study, therefore, reveals that the principal contribution of agriculture is its role 
within a larger system of climate–macro-financial adjustment in South Africa. The findings 
suggest that agricultural performance is associated with climatic conditions as well as 
broader macroeconomic, financial, consumer-price, and trade conditions. Acknowledging 
the importance of the interplay between climate exposure and the economic and institutional 
conditions under which agricultural production is carried out also bolsters the sustainable 
development literature.

The study’s lessons for sustainable development are as follows: They emphasise the 
need to preserve productive capacity in agriculture whilst building greater climate resilience; 
to ensure access to productive finance; and to further macroeconomic stability and effective 
integration into domestic and international markets. These are closely related to food-
system resilience, rural livelihoods, adaptation investment and the potential of agriculture 
to deliver inclusive and environmentally sustainable development for South Africa in the 
long term. The implementation of climate adaptation should instead be carried out in 
synergy with agricultural, financial, and trade strategies, and thus broader development 
strategies, rather than as stand-alone environmental measures.

However, with some caveats, the results should be viewed. Agricultural performance, 
irrigation conditions, farm size, and capacity to adapt to climate change vary nationally 
over time, across provinces, for specific crops, and seasonally, and these variations are 
not captured in annual national-level data. In addition, aggregate financial indicators do 
not directly reflect the allocation of agricultural credit, and economic activity as a whole 
does not measure structural transformation. Rainfall is not included in the final ARDL 
specification, limiting the ability to assess rainfall-related agricultural risks. The evidence 
from the diagnostic and parameter-stability tests regarding the adequacy of selected aspects 
of the model does not imply the robustness of the findings when the model is specified as 
an alternative, with alternative sample periods, or with alternative variable measurements. 
Furthermore, the estimated ARDL relationships and Granger-predictive associations cannot 
be considered as structural causality.

The economic policy recommendations have important implications in view of these 
limitations. The results provide insights into the impacts of climate change on adapta-
tion, agricultural finance, macroeconomic stability, and trade integration, but they do not 
necessarily indicate the causal effectiveness of selected policy interventions. Thus, the 
policy recommendations need to be considered from the perspective of what happened 
in the empirical relationships, rather than as explicit interventions proven effective. The 
analysis could be extended in the future to include provincial or crop-level data, direct 
measures of agricultural credit allocation and reallocation across sectors, non-linear climate 
specifications, different model specifications, robustness checks, and formal structural-
break procedures. These extensions would help improve understanding of how climatic 
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conditions, macroeconomic dynamics, financial development, and the sustainability of 
agricultural performance interact in South Africa.
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