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Abstract  

 

This study examines the impact of conventional and sustainable olive oil production 

methods on export levels in ten Mediterranean countries from 2011 to 2022. Using panel-

corrected standard errors (PCSE) and feasible generalized least squares (FGLS), the analysis 

explores relationships between export quantity, production volume, average annual rainfall, 

and export levels. The countries are divided into two sub-panels: conventional and sustainable 

practices. Results reveal a significant positive relationship between export quantity and export 

levels. In the sustainable sub-panel, the production volume and export relationship are 

positive but insignificant, while in the conventional sub-panel, it is negative and insignificant. 

Average annual rainfall positively influences export levels in the conventional panel but has 

an insignificant effect in the sustainable panel. The study recommends adopting sustainable 

practices to enhance export levels due to their positive economic and environmental outcomes. 

Keywords: Conventional Production, Mediterranean Region, Olive Oil Exports, Panel Data 

Analysis, Sustainable Practices 

JEL codes: C32, Q56, O13 

 

1. Introduction 

 

Global olive oil production reached a record 19.3 million tons in 2023 and is expected to 

continue growing, according to World Population Review (2024). This surge, driven by 

increasing health awareness and global population growth, poses challenges and opportunities 

for Mediterranean countries, which produce over 90% of the world's olive oil. Leading 

producers include Spain, Italy, and North African nations like Algeria and Egypt (Table 1). 

The global olive oil market size is anticipated to reach USD 33.12 billion by 2030, expanding 

at a 5.2% CAGR from 2023 to 2030, according to a report by Markets Insights Company 

(2023). As a result, this robust production represents an economic activity of considerable 

importance for the region. In 2022, the olive oil sector contributed roughly $2.8 billion 

annually to Spain's economy (Market Insights Company, 2022). Italy's exports are valued at 

$1.5 billion (Trend Economy, 2022), Tunisia's at over $801 million (Statista, 2023). 
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Table 1. Olive Oil Production Volumes in Mediterranean Countries 

Rank Country Production Volume (Tonnes) 

1 Spain 1,300,000 

2 Italy 600,000 

3 Greece 300,000 

4 Turkey 250,000 

5 Morocco 150,000 

6 Portugal 120,000 

7 Tunisia 100,000 

8 Algeria 80,000 

9 Egypt 70,000 

10 Syria 60,000 

Source: World Population Review. 

 

Beyond its economic importance, the olive oil industry plays a critical role in achieving 

Sustainable Development Goals such as No Poverty (SDG 1) and Zero Hunger (SDG 2). 

Studies by Iofrida et al. (2020); Parrilla-González and Ortega-Alonso (2021); González and 

Alonso (2022), highlight its potential to generate income and employment in rural areas where 

poverty is prevalent. Additionally, the Mediterranean's unique climate benefits olive 

cultivation, though it faces challenges from climate change Cardoni and Mercado-Blanco 

(2023); Zagaria et al. (2023). At the same time, the Intergovernmental Panel on Climate 

Change (IPCC, 2023) has acknowledged that rising temperatures and shifting precipitation 

patterns, central to climate change, are having a varied impact on the region. Besides that, as 

noted by Fraga et al. (2020), climate forecasts for the Mediterranean predict a decrease in 

precipitation, reducing soil moisture levels, and an increase in temperatures. Furthermore, the 

frequency of extreme weather events, such as droughts and frequent wildfires, is set to rise, 

further testing the resilience and capacity of the region's agricultural sector.  

Responding to climate challenges, Euro-Mediterranean countries adopt sustainable olive 

oil production practices, while MENA nations maintain traditional methods. This has fueled 

academic debate, with some researchers highlighting the environmental and economic benefits 

of sustainable approaches such as Michalopoulos et al. (2020); Fernandez-Lobato et al. (2021); 

Lombardo et al. (2021); Ncube et al. (2022) . Conversely, Fraga et al. (2020); Haddad et al. 

(2020); Maesano et al. (2021); Al-Qodah et al. (2022); Morelli (2022), support the enduring 

significance of conventional approaches, highlighting their cultural and environmental value 

and the practical difficulties of modernizing in contexts with limited resources. However, no 

study has directly compared the economic outcomes of these contrasting approaches using a 

comprehensive panel data analysis across Mediterranean countries. However, no study has 

directly compared the economic outcomes of these contrasting approaches using a 

comprehensive panel data analysis across Mediterranean countries. Therefore, this study aims 

to address the fundamental question: Can sustainable practices in olive oil production deliver 

better economic benefits than traditional methods in Mediterranean countries? The central 

hypothesis is that the shift towards sustainable development practices has led to improved 

economic and environmental outcomes in the olive oil sector compared to the continued use 

of conventional practices. 

This study investigates the economic outcomes of sustainable versus traditional olive oil 

production practices in ten Mediterranean countries, analysing export volumes, production 

levels, and rainfall from 2011 to 2022. Employing PCSE and FGLS methods, we compare 

countries embracing sustainable practices (Spain, Italy, Greece, Türkiye, Portugal) with those 

relying on conventional methods (Algeria, Morocco, Egypt, Tunisia, Syria). This analysis 

contributes to the debate on sustainable agriculture by examining its impact on economic 

https://worldpopulationreview.com/
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performance and export competitiveness within the context of Mediterranean olive oil 

production and growing environmental concerns. The study contributes significantly to 

agricultural economic literature by applying econometric tools to assess the ongoing debate 

over sustainability in Mediterranean olive oil production. By comparing aspects like 

productivity and economic profitability, it offers insights valuable to policymakers and 

industry stakeholders, enhancing understanding of sustainable practices’ efficacy and 

potential. The study contributes significantly to agricultural economic literature by applying 

econometric tools to assess the ongoing debate over sustainability in Mediterranean olive oil 

production. By comparing aspects like productivity and economic profitability, it offers 

insights valuable to policymakers and industry stakeholders, enhancing understanding of 

sustainable practices’ efficacy and potential. 

 

2. Literature Review 

 

Olive oil production is crucial to the Mediterranean economy, impacting social, economic, 

and environmental sustainability. It boosts exports, creates jobs, and supports economic 

growth, showcasing its regional importance (Klonaris & Agiangkatzoglou, 2018). Despite its 

significance, there's ongoing debate about the benefits of sustainable versus traditional 

production methods, with mixed findings in existing research leaving the best approach 

undecided. 

On one side of the debate, Conventional olive farms, showcasing traditional, rainfed, low-

input methods, often operate on challenging terrains like steep slopes and terraces (Lombardo 

et al., 2022). These farms enhance biodiversity by preventing soil erosion and contribute 

significantly to environmental, cultural, and historical contexts. Beaufoy (2001); Loumou and 

Giourga (2003); Brunori et al. (2018) have offered solutions to reduce the environmental 

impact of EU olive oil production. Loumou and Giourga (2003) focused on Mediterranean 

countries, and Brunori et al. (2018) on Italy. Kavallari et al. (2011) analysed factors like GDP 

and distance affecting olive oil demand in Germany and the UK, linking higher exporter 

income to increased exports and identifying a positive effect of the Barcelona Agreement on 

German imports. However, these findings may not generalize across all EU states, indicating 

that the impact of agreements needs individual evaluation. 

Mansour et al. (2018) employed a comparative analysis methodology to contrast 

sustainable practices with conventional practices in Egypt and Tunisia. The authors compared 

the factors influencing olive production in Egypt against the strengths of Tunisia's olive oil 

characteristics. The primary findings indicate that, despite its enormous potential, Egypt faces 

numerous obstacles. However, by adopting Tunisia's effective strategies and resolving internal 

issues, Egypt could significantly enhance its olive production and market position. Carbone et 

al. (2018) identified traditional methods, including place-of-production labels and local 

markets, as key to Italy's olive oil market. Klonaris and Agiangkatzoglou (2018) noted that 

Spain dominated global olive production from 2008-2014 using conventional methods and 

emphasized the importance of assessing Greek virgin olive oil's competitiveness and the policy 

impact on international trade and consumption. Kashiwagi, Yamna, et al. (2020) noted that 

countries like Italy, Spain, and France import significant olive oil despite large domestic 

production, challenging standard trade theories like Heckscher–Ohlin. 

Conversely, Godini et al., 2011 highlighted that sustainable olive farms, with their 

intensive, market-oriented production, are more cost-effective and environmentally friendly 

than traditional groves due to higher yields and lower costs per kilogram. While sustainable 

olive oil farms may not yield high profits, they offer significant benefits like improved 

population well-being and reduced environmental damage (Duarte et al., 2008; Palese et al., 

2013). Notably, countries like Turkey and Tunisia significantly boosted olive oil production 

and market share through adopting new cultivation techniques ( National Bank of Greece, 
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2015). Carbone et al. (2018) analysed Italian olive oil prices, with OLS and panel data model 

for the Italian olive oil markets during 2012-2014. Finding that consumers increasingly value 

quality cues like certifications and production methods. The study suggests that sustainable 

practices can enhance both perceived quality and market value of olive oil. Pehlivanoğlu et al. 

(2021)  demonstrated the importance of production and consumption dynamics in achieving a 

comparative advantage in olive oil exports, suggesting the potential impact of adopting 

sustainable practices. Lombardo et al. (2022) proposed a guide for sustainable olive oil supply 

chains, highlighting strengths and weaknesses in Italian farms across environmental, quality, 

social, and economic dimensions. The study reveals areas for improvement, such as resource 

management and environmental impact mitigation. 

Several studies have compared the performance of conventional and sustainable olive oil 

production methods. Iofrida et al. (2020) found that organic olive farming in Italy yields better 

results, particularly in terms of environmental impact. Arfaoui et al. (2022) analysed Tunisia's 

olive oil export performance in relation to its competitors, highlighting the influence of 

European production volatility on Tunisia's market share. Martín-García et al. (2023) 

compared Spanish conventional and organic olive farms, revealing that while conventional 

farms are more productive, Common Agricultural Policy subsidies contribute to greater 

profitability and resilience for organic farms. Despite its benefits, olive oil production poses 

environmental risks. Intensive practices in some sustainable farms can lead to greater 

environmental impact compared to traditional methods (Beaufoy, 2001). Olive mill 

wastewater presents a significant pollution threat if untreated (Dermeche et al., 2013). Climate 

change further exacerbates these challenges, with potential shifts in olive tree distribution and 

increased vulnerability of rain-fed groves in arid regions (Gambella et al. 2021; Mairech et al., 

2021). 

Drawing from this concise synopsis of prior research in our area of interest, we discern 

multiple lacunae, which can be summed up as follows. First, no previous research has tried to 

analyse the relationship between the exports of olive oil, the production volume of olive oil, 

the quantity of olive oil exports and the environmental variable of average annual rainfall in 

10 major Mediterranean olive oil-producing countries. Subsequently, no prior studies had 

distinguished between conventional and sustainable agriculture groups. Lastly, there are not 

many studies that use panel data from these Mediterranean nations that produce olive oil. 

While the reviewed studies offer valuable insights into the economic, trade and environmental 

aspects of olive oil production, a gap persists in directly comparing the economic outcomes of 

sustainable versus traditional practices using panel data in Mediterranean countries. Our study 

aims to bridge this gap by analysing data on yields, and sustainability metrics in Mediterranean 

countries, thus contributing a more focused and comprehensive understanding of the economic 

implications of sustainable and traditional olive oil production practices. The present study 

provides a new perspective by systematically comparing productivity and economic 

profitability under both sustainable and traditional practices. Moreover, by employing panel 

data analysis, this study contributes to the ongoing dialogue about the future of olive oil 

production driven comparison of sustainable and traditional practices, based on econometric 

techniques and methods. 

 

3. Research Methods 

 

3.1. Methodology   

 

Sustainable agricultural practices aim to preserve the environment, ensure economic 

viability, and achieve social justice. Using the Resource-Based View (RBV) theory (Barney, 

1991). We classify ten Mediterranean countries into two groups: sustainable and traditional 

practices. This theory suggests that competitive advantage derives from managing resources 
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that are valuable, rare, and hard to replicate. Spain, Italy, and Portugal use advanced 

technologies and sustainable methods like organic farming and water management, enhancing 

product quality and sustainability. In contrast, Algeria, Morocco, and the Syrian Arab Republic 

rely on traditional methods due to technological and investment constraints. Greece and Egypt 

are gradually shifting towards sustainable practices, aligning with global trends. Therefore, we 

classify in Table 2 ten Mediterranean countries into two subpanels. Classification criteria 

include the extent of organic farming, policies promoting sustainable agriculture, and data 

from reputable sources (e.g., FAO, EU). Peer-reviewed studies and industry reports also 

inform this classification. 

 

Table 2. Two Subpanel Cross-Sections 

Sustainable Practices Group Traditional Practices Group 

Spain is known for modern and intensive 

olive farming techniques, with a significant 

shift towards sustainable practices, 

including water management and organic 

farming (Fernández-Lobato et al., 2024). 

Algeria is using mostly traditional practices 

with slow adoption of sustainable methods 

in agriculture sector (Ariom et al., 2022) 

Italy has a mix of traditional and modern 

practices but has been moving towards more 

sustainable, organic olive oil production 

(Cappelli et al., 2023) 

Morocco has a mix of traditional and modern 

practices, but with a significant portion of its 

agriculture still leaning towards traditional 

methods (Lago-Olveira et al., 2024). 

Portugal is similar to Spain and Italy, while 

it is adopting sustainable practices, 

especially in its newer olive farms (Benitez-

Cabello et al., 2023) 

Although Tunisia is interested in 

sustainability, the country's agricultural 

sector still largely uses traditional methods. 

(Benabdelkader et al., 2021). 

Greece has a strong tradition of producing 

olive oil using traditional methods, but 

fortunately there is a growing trend towards 

organic and sustainable practices. (Rezazga 

et al., 2024) 

Egypt has a primarily traditional agricultural 

practices with gradual moves towards 

modernization and sustainability (Zagaria et 

al., 2023). 

Turkey has several areas of both traditional 

and modern agriculture, with increasing 

interest in sustainable practices in its 

agricultural sectors (DEMİRTAŞ & 

LİMAN, 2023). 

Syrian Arab Republic has relied on 

conventional farming methods, despite the 

ongoing conflict (Sulaiman et al., 2023) 

Source: Compiled by authors’ from various sources. 

 

3.2. Data and Variables   

 

This used two subpanel models and a panel model for these countries from 2011 to 2022. 

Panel models combine time series from multiple entities, increasing data variability, reducing 

collinearity among variables, and improving econometric estimates' efficiency. The study 

focuses on the economic benefits of sustainable versus traditional olive oil production 

practices. Variables analysed include olive oil exports (Exp), production volume (Pro), export 

quantity (ExpQ), and average annual rainfall (Rain). Table 3 provides detailed definitions, 

units, and sources for each variable, crucial for assessing the economic outcomes of different 

production practices in these Mediterranean countries. 
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Table 3. Variables Definitions 

Variable Description Unit Source 

𝐄𝐱𝐩𝐨𝐫𝐭𝐬𝐢𝐭 (Exp) The exports of olive oil for 

country i in year t 

Thousand 

USD 

Trend Economy 

Data 

𝐏𝐫𝐨𝐝𝐮𝐜𝐭𝐢𝐨𝐧𝐢𝐭 (Pro) The production volume of 

olive oil for country i in year t 

Tonnes (t) The Food and 

Agriculture 

Organization (FAO) 

𝐄𝐱𝐩𝐨𝐫𝐭𝐐𝐮𝐚𝐧𝐭𝐢𝐭𝐲𝐢𝐭 
(ExpQ) 

The quantity of olive oil 

exports for country i in year t 

Tonnes (t) The Food and 

Agriculture 

Organization (FAO) 

𝐑𝐚𝐢𝐧𝐟𝐚𝐥𝐥𝐢𝐭 (Rain) The environmental variable of 

average annual rainfall for 

country i in year t 

Millimeters 

(mm) 

Our World in Data 

Source: Compiled by authors’ from various sources. 

 

We use exports as the dependent variable because economic theory suggests that both 

production efficiency and sustainable practices can enhance export value (Auty & Warhurst, 

1993). Countries adopting sustainable practices may develop a comparative advantage, leading 

to increased exports by improving productivity and meeting international market standards  

(Brondino, 2023). The Export-Led Growth Hypothesis (Jin, 2002) further supports this, 

suggesting that higher exports drive overall economic growth (Jin, 2002) further supports this, 

suggesting that higher exports drive overall economic growth. The study also examines the 

volume of olive oil production as a key independent variable, hypothesizing that sustainable 

practices can increase production and export capabilities (Amiri & Gerdtham, 2011). This 

aligns with the Production Function Theory, which includes land, labor, capital, and 

technology as inputs transformed into outputs  (Timmer, 1971; Cornia, 1985).  

Moreover, the quantity of olive oil exports measures the physical volume of exports, 

helping to distinguish price and quantity effects on revenues. If sustainable practices lead to 

higher export values without increasing quantities, it suggests a premium for sustainably 

produced olive oil. This aligns with sustainable development principles (Stempfle et al., 2021; 

Blissett, 2023) and comparative advantage theory, where nations benefit from specializing in 

efficient production (Ruffin, 2002; Siddiqui, 2018). Efficient resource use in olive oil 

production reflects this advantage resources (Tomislav, 2018). Porter's Competitive 

Advantage Theory further supports developing competitive industries through unique 

resources and innovations (Huggins & Izushi, 2015). Also, this study incorporates average 

annual rainfall as a control variable to account for the significant influence of environmental 

and climatic factors on olive oil production. Rainfall variability directly impacts olive oil yield, 

and controlling for this factor allows for a more accurate assessment of the effects of 

sustainable versus traditional agricultural practices on economic outcomes (Rodrigo-Comino 

et al., 2021). This approach aligns with the Resource-Based View theory, emphasizing the 

importance of natural resources in achieving competitive advantage, and highlights the 

relevance of sustainable practices in addressing environmental challenges specific to the 

Mediterranean region (Buchana, 2023). 

 

3.3. Model Specification 

 

Analysing panel data requires addressing issues like inconsistency, bias in estimators, 

heteroskedasticity, and autocorrelation. This study employs Panels Corrected Standard Errors 

(PCSE) and Feasible Generalized Least Squares (FGLS) instead of fixed or random effects 



B. E. Zemri and S. Sari-Hassoun 

239 

models due to the complex error structures often present in panel data (Beck & Katz, 2012; 

Pesaran, 2015). For this reason, we ought to use models with the appropriate standard errors. 

Thus, the basic OLS assumptions about homoscedasticity and no autocorrelation are not met 

as follows:  

 

     𝐸(𝑒𝑖,𝑡) ≠ 0 (1) 

  

     𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒(𝑒𝑖,𝑡) ≠ 𝜎² (2) 

  

    𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒(𝑒𝑖,𝑡;  𝑒𝑗,𝑠) ≠ 0  (3) 

  

Also, the matrix of variance-covariance can be written as following: 

 

    𝐸(𝑒𝑒′) = Ω𝑒𝑒′ ≠ [
𝜎2 ∗ 𝐼 ⋯ 0

⋮ ⋱ ⋮
0 ⋯ 𝜎2 ∗ 𝐼

]  
 

(4) 

 

The non-respect of these assumptions about the error process may lead to bias and 

inconsistent estimators. Consequently, we must verify the assumptions made regarding no 

error autocorrelation, normality, and homoskedasticity. This is crucial to prevent our results 

from being statistical artefacts. The basic panel model can be written as follow:  

 

𝑌𝑖,𝑡 = 𝑋𝑖,𝑡𝛽 + 𝜀𝑖,𝑡  (5) 

 

Where 𝑖 = 1 … 𝑁 ; 𝑡 = 1 … 𝑇 

 

 𝑋𝑖,𝑡 is a vector of one or more (k) exogenous variables in unit (i) and time (t), while 𝛽 is 

estimators’ vector, and 𝑌𝑖,𝑡 is vector of endogenous variable in unit (i) and time (t). This panel 

model has a covariance matrix of the standard errors Ω𝑒𝑒′, but it is tough to estimate this model 

with a classical OLS in panel data, because the panel model's error process might be more 

intricate than that of cross-sectional or time-series models(Stimson, 1985). 

We can estimate the eq. 5 with Generalised Least Squares (GLS), no matter how 

complicated the error process is, as long as the covariance matrix of those errors is known Ω𝑒𝑒′ 

(Kmenta, 1986, pp. 16-609). In order to use GLS, we need to transform the eq. 5 with the 

matrix of overall error covariance to alternative linear equation where such matrix is suitable 

for OLS estimation (spherical). The GLS estimates of 𝛽 are writing as following:  

 

𝛽̂ = (𝑋′Ω𝑒𝑒′
−1𝑋)−1 𝑋′Ω𝑒𝑒′

−1 𝑌  (6) 

 

With the matrix of estimated covariance  

 

      (𝑋′Ω𝑒𝑒′
−1𝑋)−1 (7) 

 

However, the covariance matrix of the errors Ω𝑒𝑒′ is never known. Thus, to solve this issue 

Parks (1967) describe the FGLS technique by providing an estimated variance-covariance 

matrix Ω̂𝑒𝑒′, which it replaces Ω𝑒𝑒′ in the next formula. FGLS has the same properties as GLS 

for panel analysis. FGLS method will gives us unbiased estimates of 𝛽 under very general 

conditions. The FGLS estimates of 𝛽 are writing as following: 
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     𝛽̂̂ = (𝑋′Ω̂𝑒𝑒′
−1

𝑋)−1 𝑋′Ω̂𝑒𝑒′
−1

 𝑌 (8) 

 

However, in order to use Parks-Kmenta's method, we need (T > N), but, Beck and Katz 

(2012) doubt about FGLS's performance in finite samples and assert that the technique 

frequently yields overly optimistic with standard errors. Therefore, the authors recommend 

applying a traditional OLS estimation technique that accounts for the panel heteroskedasticity, 

autocorrelation and contemporaneous correlation complications, specifically the PCSEs (Beck 

& Katz, 2012). Before performing PCSE, we need to eliminate any errors serial correlation. In 

this procedure, we rely on the square roots of the diagonal terms of 𝐶𝑜𝑣 (𝛽̂) written as follow: 

 

 

To use FGLS and PCSE effectively, it's crucial to confirm error autocorrelation and 

heteroskedasticity. Post-estimation tests verify hypotheses, forecast outcomes, analyze 

residuals, identify outliers, and assess model robustness. They also test the model's sensitivity 

to data subsets. The Jarque-Bera test checks for residual normality Jarque and Bera (1987). 

Feng et al. (2020) highlight the importance of testing for heteroskedasticity in panel data. We 

use panel groupwise heteroskedasticity tests (Baum, 2001) with the “ghxt” command in 

STATA (Shehata, 2011). The Wooldridge test detects first-order autocorrelation Drukker 

(2003) introduced the “xtserial” command in STATA, based on the Wooldridge (2010) test 

for detecting first-order autocorrelation in the errors of a panel data model. This robust method 

is favored by many researchers for testing panel data autocorrelation because it imposes fewer 

assumptions about the behavior of heterogeneous individual effects. The test, which relies on 

residuals from the first-differenced regression of the dependent variable on its lagged values, 

is designed to detect first-order autocorrelation. 

The study's model can be described as follows: 

 

 

Where 𝛽0 is the intercept, while 𝛽1, 𝛽2, 𝛽3 are the coefficients of the Pro, ExpQ and Rain 

respectively, 𝒗𝒊𝒕 is the error term. 

 

4. Empirical analysis 

 

We present the estimation results of the panel model for ten Mediterranean countries using 

Panel-Corrected Standard Errors (PCSE) and Feasible Generalized Least Squares (FGLS) 

methodologies as follows: 

Table 4 shows that our model is statistically robust, with strong and significant squared R 

and Fisher statistics. Post-estimation tests yield mixed outcomes: the Jarque-Bera test confirms 

normal residual distribution, and the Wooldridge test shows no serial correlation, validating 

the model's reliability. However, panel groupwise heteroskedasticity tests detect 

heteroskedasticity, necessitating adjustments in our estimations. The positive and significant 

intercept in both PCSE and FGLS models at the 1% level indicates a robust relationship 

between baseline agricultural productivity and export volumes. A 1% increase in the constant 

term correlates with a substantial increase in exports, highlighting the positive impact of 

improved agricultural systems on export levels.  

 

 

 

 

  𝐶𝑜𝑣 (𝛽̂)  = (𝑋′𝑋)−1 (𝑋′Ω𝑒𝑒′𝑋)  (𝑋′𝑋)−1  
 

   (9) 

   𝐸𝑥𝑝𝑖𝑡 = 𝛽0 + 𝛽1𝑃𝑟𝑜𝑖𝑡 + 𝛽2𝐸𝑥𝑝𝑄𝑖𝑡 + 𝛽3𝑅𝑎𝑖𝑛𝑖𝑡 + 𝜀𝑖𝑡   
 

       (10) 
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Table 4. Estimation of the Panel Model with Ten Mediterranean Countries 

Variables PCSE FGLS 

Coefficient (prob) Coefficient (prob) 

Intercept 7.952*** (0) 7.960***(0) 

Pro -0.045* (0.076) -0.046***(0) 

ExpQ 1.014*** (0) 1.014***(0) 

Rain 0.107*** (0) 0.106***(0) 

R² 0.994 

Fisher 6405.778*** (0) 

Post Estimation Tests 

Jarque-Bera test 1.394 (0.498) 

AC Test1 3.323 (0.1016) 

Hetero Test2 LM=32.61*** (0) LR= 25.44*** (0.002) Wald = 66.62*** (0) 

Source: Authors' estimates using STATA 17 

Note: PCSE estimated with panel-level heteroscedasticity and correlated across panels, while 

FGLS estimated with heteroskedastic with cross-sectional correlation. “***”, ‘**’, ‘*’ refers 

to the confidence interval at 99%,95%, and 90% level.  

. 

 

Table 5. Estimation of The Two Subpanel Models 

 Sustainable Practise  Conventional Practise  

Variables PCSE FGLS PCSE FGLS 

Coefficient (prob) Coefficient 

(prob) 

Coefficient (prob) Coefficient 

(prob) 

Intercept 7.28*** (0) 8.11*** 

(0) 

8.38*** (0) 8.088*** 

(0) 

Pro 0.026 (0.527) 0.03 (0.44) -0.07 (0.282) -0.043 

(0.463) 

ExpQ 0.981*** (0) 0.95*** 

(0) 

1.007*** (0) 1.00*** (0) 

Rain 0.14 (0.195) 0.07 

(0.516) 

0.08*** 

(0.006) 

0.09*** (0) 

Rho 0.440 … 

R² 0.995 0.9923 

Fisher 3438.12*** (0) 2405.58*** (0) 

Post Estimation Tests 

J-B test 2.503 (0.2861) 4.641 * (0.0982) 

AC Test 106.040*** (0.0005) 1.207 (0.3335) 

Hetero 

Test 

LM=3.74 

(0.442) 

LR= 

3.86 

(0.425) 

Wald = 

5.384 

(0.371) 

LM=12.34** 

(0.015) 

LR= 

9.36* 

(0.053) 

Wald = 

10.39* 

(0.065) 

Source: Authors' estimates using STATA 17. 

Note1: For panel model of sustainable practise, there is autocorrelation of errors, therefore the 

PCSE estimated with common AR (1), while FGLS estimated with panels homoscedastic and 

panel-specific AR (1). For conventional Panel, there is heteroscedasticity of errors, thus 

PCSE estimated with linear regression, and heteroskedastic panels corrected standard errors, 

while FGLS estimated with heteroskedastic and no autocorrelation 

Note 2: “***”, ‘**’, ‘*’ refers to the confidence interval at 99%,95%, and 90% level.  
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Contrastingly, the Productionit (Pro) variable is negative and significant, suggesting that 

increased production volume reduces export levels by 0.045% (PCSE) and 0.046% (FGLS), 

implying that production volume does not support olive oil exports. This finding contradicts 

the export-led growth hypothesis. The ExportQuantityit (ExpQ) variable is positive and 

significant at the 1% level, indicating that a 1% increase in export quantity boosts export levels 

by 1.014%. This supports the principle that nations should focus on producing and exporting 

goods where they have a comparative advantage. Likewise, Rainfallit (Rain) variable has a 

positive and significant coefficient at the 1% level; therefore, a 1% increase in rainfall will 

increase the export level by 0.107% in PCSE and 0.106% in FGLS, respectively. This effect 

is observed regardless of the farming techniques employed, indicating that variations in rainfall 

significantly influence annual fluctuations in olive oil production. Consequently, we 

demonstrate that rainfall positively affects the level of olive oil exports, with similar climatic 

and environmental conditions contributing to this result. 

Table 5 compares sustainable and conventional subpanels, highlighting differences in trade 

and sustainability. Both models are statistically robust, with significant R-squared and Fisher 

statistics. For the sustainable practices model, the Jarque-Bera test confirms normality of 

residuals, while the Wooldridge test indicates serial correlation, but no heteroskedasticity is 

detected. The positive and significant intercept at the 1% level suggests that a 1% increase in 

the constant term raises olive oil exports by 7.28% in the PCSE model and 8.11% in the FGLS 

model. This indicates that sustainable agricultural practices significantly boost the baseline 

level of productivity and export volumes. Although the Pro variable is positive, it is not 

statistically significant, indicating that the production volume does not directly support export 

growth in these countries. The ExpQ variable is positive and significant at the 1% level, 

implying that a 1% increase in export quantity results in an approximate 1% increase in export 

levels. This demonstrates that sustainable practices help firms enter and thrive in the 

international market, underscoring the principle of comparative advantage. The Rain variable, 

while positive, is not significant, suggesting that rainfall has a limited impact on exports in 

sustainably practicing countries. 

Conversely, for the conventional practices model, the Jarque-Bera test confirms normality 

of residuals and no serial correlation is detected by the Wooldridge test; however, 

heteroskedasticity is present. The positive and significant intercept at the 1% level indicates 

that a 1% increase in the constant term raises export levels by 8.38% in the PCSE model and 

8.088% in the FGLS model. This implies that conventional farming systems still significantly 

contribute to productivity and export intensity. However, the Pro variable is negative and 

insignificant, suggesting that increased production volumes do not support export growth, 

possibly due to inefficiencies or lower productivity levels in conventional practices. The ExpQ 

variable is positive and significant at the 1% level, indicating that a 1% increase in export 

quantity boosts export levels by approximately 1%, similar to the sustainable model. The Rain 

variable is positive and significant, demonstrating that rainfall variability significantly 

influences export levels in conventionally practicing countries. 

These findings highlight a complex interplay between agricultural practices, production 

levels, and environmental conditions in shaping the olive oil export landscape in 

Mediterranean countries. Sustainable practices are shown to enhance export levels and 

productivity, aligning with the export-led growth hypothesis. In contrast, conventional 

practices exhibit a negative impact on production volume and export potential, suggesting 

inefficiencies. Both models underline the necessity for tailored agricultural strategies to boost 

resilience and competitiveness. 
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5. Conclusion 

 

The foundational premise of conventional international trade theories posits that nations 

tend to specialize and excel in producing and exporting goods for which they have a 

comparative advantage. This principle is vividly illustrated by the olive oil trade in 

Mediterranean countries, However, with the specter of climate change posing a formidable 

challenge, Mediterranean nations, particularly those in Europe, face the risk of losing their 

competitive edge. In response, these countries are increasingly embracing technologies and 

principles rooted in sustainable development, including efficiency, optimal resource 

utilization, waste reduction, and environmental protection. Conversely, countries in the 

MENA region acknowledge their limited capacity to adopt such measures. In light of these 

developments, our study explored the complex interplay between the quantities of olive oil 

exported, production volumes, and the impact of average annual rainfall on export levels 

across ten Mediterranean countries from 2011 to 2022. Employing Panel-Corrected Standard 

Errors (PCSE) and Feasible Generalized Least Squares (FGLS) methodologies, our analysis 

encompassed a panel of major Mediterranean olive oil-producing nations. These countries 

were categorized into two distinct groups based on their agricultural practices: conventional 

versus sustainable. 

The findings from an analysis of ten Mediterranean olive oil-producing countries indicate 

that the Productionit (Pro) variable exhibits a negative and significant impact at the 10% level 

for PCSE and at the 1% level for FGLS. Conversely, the ExportQuantityit (ExpQ) variable 

demonstrates a positive and statistically significant coefficient at the 1% level, suggesting that 

a 1% increase in this variable leads to an increase in the export level by 1.014% for both PCSE 

and FGLS methodologies. Similarly, the Rainfallit (Rain) variable shows a positive and 

significant coefficient at the 1% level, indicating that a 1% rise in rainfall results in an increase 

in the export level by 0.107% in PCSE and 0.106% in FGLS. However, in the two subpanel 

models, the results reveal a positive and significant relationship between the quantity of 

exports and the level of exports. Furthermore, our investigation establishes that, within the 

subpanel model focusing on sustainable practices, the relationship between production volume 

and olive oil exports is positive but not statistically significant. In contrast, within the subpanel 

model employing conventional methods, this relationship appears negative and also 

statistically insignificant. Our analysis further demonstrates that average annual rainfall has a 

positive and significant effect in the subpanel model employing conventional methods. 

However, in the subpanel model adopting sustainable practices, the impact of average annual 

rainfall on exports is positive but not statistically significant. 

Our study reveals a positive, significant relationship between export quantities and 

production levels under sustainable practices, contrasted by mixed impacts in conventional 

models. This highlights the complexity of transitioning to sustainable agriculture. While 

sustainable practices offer benefits, they require targeted support and adaptation to local 

conditions. Policy measures to encourage sustainability in the olive oil industry could include: 

- Educational programs to enhance farmers' awareness and skills in sustainable practices. 

- Support for young farmers and the digitalization of agriculture to facilitate modern, eco-

friendly production methods. 

- Investment in research to optimize the use of natural resources and reduce environmental 

impacts through integrated farming systems. 

Future research should aim to broaden the scope of analysis by incorporating more 

variables that affect international competition, thereby offering a more comprehensive 

understanding of the dynamics at play in the global olive oil market. 
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