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Abstract

Background: In pursuit of greater equality, African nations have implemented land reforms to increase land ownership among indigenous citizens. Despite these efforts, Africa remains one of the world’s most unequal regions.

Aim: In line with the sustainable developmental goals (SDGs) 10 of the Equal World campaign, the study investigates how land ownership influences income inequality in African countries. We create a unique time series measuring landholders per square kilometre of agricultural land and explore its relationship with income inequality.

Setting: The analysis covered the period of 2000–2020, using data from the World Bank gender data portal and World Bank Development Indicators to compute the land inequality index.

Method: Conventional cointegration and advanced wavelet coherence techniques are employed to examine the influence of land ownership on inequality.

Results: Traditional estimators reveal a long-run positive relationship between land ownership and income inequality, with bi-directional causality, implying that African countries with higher (lower) land concentration are associated with higher (lower) levels of inequality. However, wavelet coherence analysis reveals that only 8 countries exhibit a positive relationship, while 16 show a negative relationship, and 2 show an insignificant relationship. Notably, most countries with a negative (positive) relationship (did not) implement additional land reforms after 2000.

Conclusion: We conclude that countries that fail to undergo continuous adjustments in land reforms risk experiencing a higher concentration of land ownership and income inequality. This study’s findings underscore the importance of land policy updates for long-term equity.

Contribution: Unlike previous studies using the Gini Land coefficient, this study measure agricultural landowners per square kilometre, capturing the entire population and its relationship with income inequality.
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Introduction

Despite being a recurrent theme in sustainable developmental goals (SDG) and agendas, the persistence of income and wealth inequality in Africa remains a critical challenge. A wide income gap’s economic and social ramifications are substantial, impacting economic growth and poverty alleviation (Cornia 2019; Fosu 2009). Despite policy efforts, income inequality persists in Africa, hindering development and rendering the fight against poverty alleviation less effective (Acemoglu & Robinson 2010; Raimi & Phiri 2024).

Africa consistently ranks high in all dimensions of income inequality. Some countries, such as South Africa, the Central African Republic, Namibia, Mozambique and Zambia, are consistently among the most unequal globally (Odusola et al. 2017). Regional statistics reveal that 54% of the total income in Africa is concentrated in the top 10 wealthiest families, with income inequality either stagnant or increasing over the last three decades (African Development Bank 2012; Odusola et al. 2017). Notably, the income gap between the top 10% of the highest earners and the bottom 50% remains unacceptably high, deviating from the global trend of reduced unequal income distribution since the 1990s (Odusola et al. 2017).

While various factors contribute to income inequality in Africa, unequal land distribution has emerged as a significant driver (Chancel et al. 2023; Cornia et al. 2017; Raimi & Phiri 2024). Land inequality is posited as the root of inequality in many African countries, with the initial land asset distribution considered more impactful than the income distribution (Anseeuw & Baldinelli 2020). For instance, land ownership is crucial collateral influencing credit access, income generation and heritage (Ardina et al. 2022; Birdsall & Londono 1997). However, as seen in southern African countries, land concentration, among a few, diminishes agricultural efficiency by fostering reliance on cheap labour rather than nurturing entrepreneurship in the farming sector. This impedes investments in education and human capital development, perpetuating rural poverty (Ayaz & Mughal 2023; Bjornlund, Bjornlund & Van Rooyen 2020). Therefore, inequalities in land distribution tend to persist over generations and potentially exacerbate unequal wealth distribution in the long run (Galli & Ronnback 2021).

Recognising the importance of equitable land distribution, studies have emphasised the role of land in economic growth, human capital development and poverty (Anseeuw & Baldinelli 2020; Cipollina, Cuffaro & D’Agostino 2018; Deininger & Olinto 1999; Deininger & Squire 1998; Erickson & Vollrath 2004; Gottlieb & Grobovšek 2019; Phiri & Ngeendepi 2021). Remarkably, African countries where land and income inequality are pronounced have received scant empirical attention. Authors often attribute this gap to challenges in obtaining data for measuring land inequality (Azadi & Vanhaute 2019; Erickson & Vollrath 2004).

Given these gaps, our study investigates the relationship between agricultural land ownership and income inequality in African countries. To explore this relationship, we created a unique but simple time series measure of agricultural land holdings or land concentration for 26 African countries, which measures the number of landowners per square kilometre of agricultural land. We use these data to investigate the empirical relationship between land ownership and African income inequality between 2000 and 2022. Considering that our proposed analysis covers a period plagued by years of structural breaks, traditional econometric techniques may not be adequate for capturing time and cyclical variations. Therefore, we turn to a partial wavelet coherence framework that allows us to examine the co-movement between agricultural landholdings and income inequality scale-by-scale at different periods while controlling for economic growth. Moreover, our data series is long enough (allow us) to conduct a country-by-country analysis, circumventing the issue of country heterogeneities associated with panel or cross-sectional estimators commonly used in the literature.

Our traditional panel regression results show an unexpected positive relationship between land ownership and income inequality across the panel. However, wavelet coherence analysis reveals this positive relationship in only eight countries at specific times and frequency cycles. The majority of other countries maintain a consistent theoretically negative relationship. Notably, countries that did not undergo reforms after 2000 tend to exhibit negative land inequality relationships. Our findings underscore the need for continuous formal land reform processes over the long term. African countries that have not reformed past their former ‘state-centric’ land policies from the 1960s and 1970s risk perpetuating skewed land ownership distributions that worsen inequality. Additionally, governments that have recently implemented land reforms must consider factors like gender disparities to avoid exacerbating land inequality and income disparities.

The remainder of this article is structured as follows. The section titled ‘Overview of land reform in Africa’ provides an overview of land reform specifically in Africa. The ‘Literature review’ section offers a theoretical basis for understanding land inequality and reviews relevant literature. In the ‘Methodology’ section, we outline the approach we used, while the ‘Data and results’ section provides a description of the data and presents the findings from our empirical analysis. Finally, the study is concluded in the last section.

Overview of land reform in Africa

The origins of land inequality in Africa can be traced back to its early developmental stage, with colonialism identified as a major driver (Galli & Rönnbäck 2021). Even after African independence, the legacy of colonial institutions continued to perpetuate land concentration and inequality, necessitating calls for land reform (Acemoglu et al. 2014; Acemoglu, Johnson & Robinson 2002; Acemoglu & Robinson 2012). In response, many African countries initiated widespread land and agrarian reforms, often spearheaded by the government or through revolutionary means (Ochieng 2020).

The earliest reforms date back to the 1960s and 1970s, coinciding with most African countries’ attainment of political independence (Anseeuw & Baldinelli 2020). These reforms were formalised as land acts to eliminate previous oppressive and discriminatory colonial land management practices (Peters 2004). However, based on ‘customary’ systems, these early reforms failed to provide the necessary ‘security’ to encourage agricultural investment and the productive use of land. Instead, they facilitated speculation and land expropriation by outsiders, often exacerbating conflicts (Peters 2009).

Early analyses indicate that customary or communal law and tenure were products of colonialism, jointly established by African leaders to serve the interests of a minority (Colson 1971; Kohlhagen 2011; Mamdani 2017; Moore 1986). Studies in the early 2000s revealed that customary tenure was essentially a compilation of former colonial laws, retaining many shortcomings (Berry 2002; eds. Kuba & Lentz 2005; Spear 2003). Subsequent research demonstrated that customary law was not merely a written version of oral traditions but significantly influenced by colonial conditions, serving to benefit the state, European settlers and wealthy Africans (Peters 2009). A common conclusion drawn from this literature is that initial reforms in many African countries favoured elite and state interests, leading to their inevitable failure within African societies and necessitating further land reforms in several countries.

To address the perceived shortcomings of previous land policies, some African countries embarked on additional land reforms in the 2000s and 2010s. Among the most well documented of these newer reforms are Tanzania’s 1999–2000 Land Act (Pedersen 2015, 2016), Mali’s 2000–2002 Land Tenure Code (Totin et al. 2021), Malawi’s 2002 Land Policy (Chikaya-Banda & Chilonga 2021; Chinsinga 2011), Namibia’s 2002 Communal Land Reform Act (Mudau, Mukonza & Ntshangase 2018), Zimbabwe’s 2002 Land Acquisition Act (Mkodzongi & Lawrence 2019), Burundi’s 2004 revised Land Code (Tchatchoua-Djomo 2018), Rwanda’s 2005 Land Law (Pottier 2006; Pritchard 2013), Burkina Faso’s 2007–2012 revised Land Laws and reforms (Bambio & Agha 2018), Lesotho’s Land Act of 2010 (Fogelman 2016), Kenya’s 2012 Land Act, Land Registration, and National Land Commission Act (Manji 2014), Benin’s 2013 Land Law (Delville 2020; Ekpodessi & Nakamura 2018) and Liberia’s 2013 Lands Right Policy (Brown 2017).

However, while the new wave of land reforms in the 2000s aimed to rectify the unequal distribution of colonial legacies and restructure land resources more rationally by transforming large-scale farms into indigenous family farms for productive use, the methods and processes in many countries were not pragmatic, leading to low implementation rates (Pedersen 2016). For instance, Mali, Burundi and Tanzania’s attempts to transfer land governance to village authorities to facilitate land registration and titling were short lived. In Tanzania, this was partly because of legislative complexity, while in Mali, the code lacked enforceability because it lacked an ‘implementation decree’ requiring approval from council ministers, thus creating implementation disputes (Pedersen 2016; Totin et al. 2021). In the case of Burundi, despite the inclusion of land decentralisation in the 2000 Arusha Peace Agreement to enhance tenure security through property rights registration, the process was largely unsuccessful, mainly because of a lack of political will to implement the peace agreement. By the end of the 2000s, only 46 000 plots had been duly registered, representing less than 1% of the country’s land (Kohlhagen 2011; Tchatchoua-Djomo 2018).

Similarly, the ineffective reform in Kenya in 2010 is attributed to the influence of veto players who hindered the reform’s implementation for political reasons and the lack of apparent constitutional authority for the newly established National Land Commission (NLC), tasked with reclaiming illegal and undocumented public land through legal means (Boone et al. 2019). The reform in Zimbabwe, aimed at creating new commercial black farmers, primarily resulted in malnutrition and economic failure. This occurred because the process failed to transfer land rights to black individuals already engaged in businesses, especially in the Small, Medium and Micro Enterprises (SMMEs) sector – the true black entrepreneurs. Instead, it transferred commercially successful assets to political elites lacking business acumen or skills (Gumede 2018).

Contrary to the cases of the aforementioned countries, Rwanda’s reform, designed to map and digitise land title records, was partly successful because it did not stop with the land titling programme but concentrated on fighting land corruption, perceived as a major factor in Rwanda’s conflict (Pritchard 2013). Like Rwanda, Burkina Faso, in addition to transferring land management from the central government to local authorities, also established technical support services to assist local governments in managing land responsibilities and safeguarding the interests of women and vulnerable groups (Elbow 2019). Lesotho’s reform was also reported as successful partly because the process focussed on agricultural development and economic investment (Fogelman 2016). The reform reduced the mandatory 51% share that goes to Basotho nationality when foreign investors acquire land to 20% to attract more foreign investors, address tenure security and allow land to serve as collateral for financial loans. Lastly, the reform abolished the previous gender land-ownership bias and allowed for sole female land ownership registration and access to credit (Fogelman 2016).

Namibia and Malawi’s reform policies were also in direct contrast to Zimbabwe’s approach of forceful distribution, but the initiative was based on willingness to buy and sell (Chinsinga 2011). Namibia’s approach consisted of two strategies: resettlement (Government purchase of land and allocation to vulnerable groups) and communal land (state-owned land is parcelled into small units and allocated by traditional authority). These strategies transferred over 1000 commercial land to previously disadvantaged Namibians through private and government-facilitated transactions (Engelbrecht 2014). Another exceptional case exists for Malawi, which boasts low levels of land inequality owing to its successful reform strategies of land tenure regularisation, strengthening land administration, land use planning, protection of customary land rights, promotion of investment in agriculture and formalisation of customary land rights as private land rights in customary estates, increasing land ownership for indigenous households (Byamugisha 2013).

In general, Eastern and Southern African countries such as Kenya, Tanzania, Zambia, Zimbabwe and South Africa are notorious for their high levels of land inequality, whereas Western and Central African countries such as Ghana, Sierra Leone, Togo and Burkina Faso are among the most egalitarian in the world (Bernstein 2003; Frankema 2005; Mudau et al. 2018). Bernstein (2003) notes that land inequality in Southern Africa is more persistent than in other regions of Africa as these countries struggled to obtain liberation from the rule of colonial political regimes before the 1990s. However, recent reforms have helped correct the tragedy in Malawi and Namibia.

Literature review

Theoretical underpinnings

The significance of land in economic theories is deeply rooted in its role in sustaining agricultural output to meet society’s food and textile needs. Various economic schools have incorporated land into their theories, recognising its contributions to economic development. Initially considered the primary source of wealth, land has maintained its importance even in schools, such as mercantilism, which focusses on trade and human capital. Technological innovation has expanded this perspective by acknowledging other valuable resources in the soil (Hubacek & Van Den Bergh 2002).

The economic importance of land traces back to medieval times when agricultural activities formed the cornerstone of a country’s economy (Haney 1964). Physiocrats consider land the source of economic surplus, emphasising its role in determining agricultural output and net product, influencing a country’s economic activities (Meek 1963).

A notable historical debate on land and agriculture was the United Kingdom Corn Laws discussion (1815–1846), centring on tariffs and trade restrictions impacting cereal grain prices. Influential essays during this period, such as Ricardo’s on the profit of stock and Malthus’s inquiry into the nature of rent, shaped economic ideologies and highlighted the influence of landowners on agricultural prices (Blaug 1997).

Adam Smith viewed agriculture as the primary source of wealth, Cantillon identified land as the primary input and Malthus advocated cultivating more land to mitigate the poverty resulting from population growth (Aspromourgos 1998). Modern economic theories, including classical, neo-classical and neo-institutionalist perspectives, emphasise the importance of land in food production and societal transformation.

While common land rights can shift to private property regimes because of population pressure and land scarcity, a secure land tenure system is crucial for avoiding conflicts, instability and the exclusion of vulnerable groups. Such a system catalyses multiple benefits, including poverty eradication, food security, economic growth and significant investment incentives. Ensuring more access to land is essential, considering its pivotal role in the economic development process (Wegerif & Guereña 2020).

Empirical review

Notably, few quantitative studies have been conducted on the impact of land inequality on economic development, with most studies focussing on the impact of land inequality on economic growth (Cipollina et al. 2018; Deininger & Olinto 1999; Deininger & Squire 1998; Erickson & Vollrath 2004; Fort 2007; Frankema 2005). However, only the studies by Carter (2000), Wegerif and Guereña (2020) and Qasim, Pervaiz and Chaudhary (2020) directly connect land inequality to income inequality. However, while Carter (2000) focusses on Africa, Asia, Latin America, Eastern Europe and Organisation for Economic Co-operation and Development (OECD) countries, the author acknowledges that Africa has the weakest dataset. None of the 10 African countries included in the study had more than two data points. On the other hand, the study by Wegerif and Guereña (2020) is restricted to the trend of land policy, leaving only the study by Qasim et al. (2020) that empirically investigates the relationship between land inequality, poverty and income inequality. We discuss these studies as follows:

Deininger and Squire (1998) investigated the connection between income inequality, asset inequality and economic growth in seven global regions, including sub-Saharan Africa and Middle East and North Africa (MENA) countries. They found a robust negative relationship between initial land inequality and long-term growth. Moreover, the study supported Barro and Lee’s (2001) view that inequality reduces growth in developing countries but not developed ones. In contrast, the authors provide little support for the Kuznets relationship between income inequality and economic growth.

Deininger and Olinto (1999) employ the generalised moment method estimator to study the relationship between inequality and growth. The authors find that assets via land inequality, not income inequality, have a relatively large negative impact on economic growth. The authors further revealed that vast inequality in asset distribution limited human capital development and stressed that household access to more assets is more crucial for development than equal income distribution because higher land inequality can hamper education reform.

Erickson and Vollrath (2004) examine the relationship between land inequality and institutions, financial development and education. The authors used both measures of inequality that capture only inequality within landholders and other measures that show inequality across agricultural populations. Firstly, the data were subjected to ordinary least squares (OLS) analysis, and the results showed no relationship between land inequality and institutions. Secondly, the analysis failed to find any relationship between unequal land distribution and financial development. Furthermore, the authors could not establish a relationship between high land inequality across agricultural populations and low educational levels. However, less unequal land distribution among the agricultural population was observed, encouraging government spending on education.

In another cross-country study, Frankema (2005) explored the causes and consequences of historical land distribution using data compiled by Deininger and Olinto (1999). Employing a panel regression estimator, the results show a weak, direct relationship between land and income inequality. However, a strong relationship between the initial land inequality and current income inequality was revealed when controlling for colonial institution variables. Additionally, the study revealed that high-income inequality in sub-Saharan Africa and Latin America is rotated in different colonial origins.

Fort (2007) also employed the system general method of moments estimator (GMM) to investigate the relationship between land inequality and economic growth in over 30 countries using Food and Agriculture Organization (FAO) agricultural census data. The study included countries from Asia, Europe, the Middle East and the United States of America. The study found a significant negative relationship between land inequality and economic growth and stressed the importance of asset distribution in the development process. The study further confirmed the hypothesis that although investment in human capital encourages economic growth, unequal asset distribution reduces the effectiveness of education policies.

Cipollina et al. (2018) further examined the empirical relationship between unequal land distribution and economic growth using a meta-data analysis based on previous publications on land inequality. Their meta-analysis showed that unequal land distribution negatively affects economic growth, especially at low development levels. However, their panel result analysis shows a positive correlation between land inequality and economic growth in the short run but a negative impact of land inequality in the long run because of credit constraints and institutional mechanisms identified in the Galor-Zeira model.

More recently, Qasim et al. (2020) investigated the mediating role of poverty and agricultural land inequality on human capital development in 34 districts in Punjab, Pakistan, between 2003 and 2014. Employing two-stage least squares (TSLS) and GMM estimators, the authors find that: (1) agricultural land inequality has a positive relationship with poverty and income inequality in the first-stage regressions and (2) poverty and income inequality have a negative relationship with human capital development in the second-stage regressions.

Contribution to literature

While we acknowledge the preceding empirical studies, we identify and address three gaps to advance understanding of the relationship between land inequality and income inequality in African countries. The gaps are as follows:


	Limited focus on African countries: Although studies such as Deininger and Squire (1998) and Carter (2000) included African countries, their datasets were inadequate, and scant empirical attention was given to African nations. Our study concentrates directly on African countries and utilises a more robust dataset with a unique time series measure of agricultural land holdings, providing a more precise analysis of the relationship between land inequality and income inequality in Africa.

	Measurement of land inequality: Most studies rely on the Gini Land coefficient to measure land inequality, which may not effectively capture the nuances of land distribution. We address this gap by introducing a novel measure of land inequality, precisely the number of agricultural landowners per square kilometre. This measure offers a more accurate and contextually relevant understanding of land distribution in African countries. We detail the construction of land ownership data in the ‘Measurements of land inequality’ section.

	Country-specific analysis: Most studies employ cross-country or panel data approaches that may not account for the heterogeneity among African countries. We address this gap by providing country-specific analyses that allow for examining distinct national contexts. This approach helps to understand how different policies, historical factors and socio-economic conditions influence the relationship between land ownership and income inequality in individual African countries.



By addressing these gaps, our study contributes to a more comprehensive understanding of the relationship between land ownership and income inequality in Africa, offering valuable insights that can inform both academic debates and policy interventions.

Measurements of land inequality

The traditional method of measuring land inequality has always used the Gini coefficient, similar to other dimensions of inequality. The land Gini coefficient was computed from the agricultural data census published by the United Nations FAO. However, this inequality data only considers the unequal land distribution among landholders based on the total size of their holdings. It overlooks the landless population, which often comprises the impoverished segment of society. For example, if the entire land of a community of 100 people is distributed equally among the four landholders, the traditional Gini coefficient within the landholder would be zero, which is a case of perfect equality. However, this inequality calculation captures only 4% of the community’s 100 population, excluding 96% of the landless population.

As such, land distribution Gini computed with agricultural census data, as used by Taylor and Hudson (1972) and Deininger and Squire (1998), has been criticised for being unidimensional and misses out on some important indicators of land inequality (Bauluz, Govind & Novokmet 2020; Erickson & Vollrath 2004). Anseeuw and Baldinelli (2020) claimed that the land Gini coefficient captures only the destitution of the size of farms rather than land ownership and does not account for multiple land holdings by individuals.

Erickson and Vollrath (2004) further stress that Agricultural Census data only focusses on individuals or households with land; it does not account for landless households and also fails to distinguish different forms of land ownership. In their response, Erickson and Vollrath (2004) devised a comprehensive land index that considers landholders and the landless population. They termed this index the ‘average number of people working on any single holding’, using data from the total agricultural population and the overall number of landholdings.

We adopt an approach similar to that of Erickson and Vollrath to create a land index for African countries. However, while Erickson and Vollrath’s index is based on FAO land census data, we computed our land index data using agricultural land (sq. km), the share of the country’s arable land area under permanent crops or pastures. We computed the land concentration measurements in two steps. Firstly, we obtained the number of landowners by multiplying the percentage of males and females who owned land with the population of males and females, respectively. Secondly, we divide the total number of landowners by agricultural land (sq. km), respectively:
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where LO is land ownership concentration, a lower (higher) number of landowners per square km indicates higher (lower) land inequality. Note that from Equation 1, the data for percentage of men and women who are land owners is obtained from the World Bank gender data portal,1 while the data for agricultural land is from the World Bank Development Indicators (WBDI).2 For land ownership, the preceding survey figures serve as the basis for calculations until a subsequent survey is conducted, as these surveys are infrequent and data on inequalities does not fluctuate rapidly (Erickson & Vollrath 2004).

The justification for using this measure stems from the unavailability of data to compute the land Gini coefficient in many African countries and the limitations of its calculation, as discussed earlier in this article. Calculating the land Gini coefficient requires agricultural survey data, typically conducted by the United Nations FAO every 10 years. However, several African countries have yet to conduct an agricultural census since gaining independence, and in some cases, the census results were inconclusive. Alternatively, we rely on World Bank data regarding the percentage of men and women who own land in each country, similar to FAO census data. The uniqueness of our index lies in its ability to capture the widespread distribution of land holdings across the relevant population. Specifically:


	The measure encompasses the entire population of men and women at a given time, accounting for both landowners and the landless population – something the conventional Gini coefficient overlooked.

	It estimates the percentage of the population that owns land from the entire population at a given time.

	It assesses the distribution of land within the country.



Methodology

Empirical model

Following the theoretical guidance, the regression for the study is specified thus:
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While the second regression is:
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where I/I = Income inequality, L/O = Land ownership index and gross domestic product (GDP) is economic growth. Based on the literature, we expect a negative relationship between income inequality and land ownership diversification, as well as between income inequality and GDP (i.e. β11, β21, β12 < 0). In contrast, a positive relationship is expected between GDP and land ownership diversification (i.e. β12 > 0). To estimate the baseline regressions, we rely on the pooled mean group (PMG) estimators of Pessaran et al. (1999), the Granger causality tests of Dumitrescu-Hurlin (2012) and the wavelet coherence analysis of Torrence and Compo (1998) and Mihanović, Orlić and Pasarić (2009). The methods are discussed in the following subsections.

Pooled mean group estimators

To estimate the baseline regression, we rely on the PMG estimators, which are an intermediate estimator between the mean group (MG) and the traditional pooled Dumitrescu-Hurlin (2012) autoregressive distributive lag (P-ARDL (p, q, q … ….q) model:
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The I/I = Income inequality is the dependent variable in Equation 4a while L/O = Land ownership index serves as the dependent variable in Equation 4b, other variables serve as the independent variables, defined as αi is the fixed effect, λij and δij are the vectors of the parameters. The error correction representation of Equation 2 is:
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where ‘εit’ are serially not correlated across i and t, have zero means, variance [image: SAJEMS-27-5774-I1.jpg] and finite fourth-order moment conditions, and:
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The long-run relationship can compactly be denoted as:
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where [image: SAJEMS-27-5774-I2.jpg] are the long-run coefficients and ηit is a stationary process. The long-run coefficients defined by θi are constrained to be the same for all cross-sectional units, and the error correction term is computed as:
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The error correction term measures the speed of ‘correction’ back to steady-state equilibrium following a shock to the system of time series variables.

To test for cointegration effects, we rely on Pedroni’s (1995, 2004) cointegration testing procedure, which requires us to extract the error term ei,t from the PMG estimators and construct the following test regressions:
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From Equation 9, we test the null hypothesis of no cointegration effects (i.e. H0: ψi = 1 for all against the alternative of cointegration effects (i.e. H11: ψi = ψ < 1), whereas from Equation 10, the null hypothesis of no cointegration (i.e. H10: ψi = 1 for all) is tested against the alternative of cointegration effects (i.e. H11: ψi < 1, ψi ≠ ψ). Pedroni (1995, 2004) proposes four within-dimension (i.e. panel cointegration) statistics and three between-dimension (i.e. group mean panel) statistics to test for the different sets of formulated hypotheses that will be compared to critical values reported in Pedroni (1995, 2004).

Dumitrescu-Hurlin (2012) causality tests

To examine the causal relationship between land inequality and income inequality, we rely on the panel causality test of Dumitrescu-Hurlin (2012), who suggests the following regression:
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where [image: SAJEMS-27-5774-I3.jpg]). Dumitrescu-Hurlin (2012) proposed testing the hypothesis of Homogeneous Non-Causality by accounting for both the heterogeneity in the regression model and the diversity in causal relationships across cross-sectional units, the hypothesis is defined as
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where [image: SAJEMS-27-5774-I4.jpg]). Under the alternative hypotheses, we assume the existence of N1 < N individual processes with no causality from x to y, while the remaining process N2 = N – N1 process has causality, that is:
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Dumitrescu-Hurlin (2012) proposed using the following average individual Wald statistic to test the Homogeneous non-causality (HNC) null hypothesis:
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where Wi,T denotes the individual Wald statistic for the ith cross-sectional unit, corresponding to the individual causality hypothesis H0: bi = 0. Dumitrescu-Hurlin (2012) notes that individual Wald statistics provide undesirable distribution properties in small samples; hence, the authors propose the following approximated standardised statistics:
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the second-order moments of the individual Wald statistics, Wi,T, exist only if the condition T > 5 + 2 K holds. Our study limited the lag length to K = 5, given that our sample size consisted of 23 observations.

Wavelet coherence analysis

Wavelets are functions with certain mathematical conditions that divide data into different frequency components and study each component with a resolution matched to its scale (Zeevi & Coifman 1998). The usual procedure for analysing data using the wavelet technique is to adopt a prototype or transformation function called a mother wavelet, which consists of a series of daughter wavelets. In time-series analysis, the main goal of adopting a wavelet is to examine the time-frequency distribution of a data series and show how power evolves over time. Time series data are decomposed into time and frequency components to observe the time-frequency distribution between any two time-series datasets (dependent and independent) to understand how the relationship between the two series evolves over a time period (Torrence & Compo 1998).

Drawing from the wavelet concept, a three-step wavelet coherence procedure, as described in the studies of Aguiar-Conraria and Soares (2014) and Mihanović et al. (2009), was employed to examine the relationship between land index (y), income inequality (x1) and economic growth (x2) in time-frequency space. For our analysis, we focussed on the continuous wavelet tools. Firstly, we decomposed each variable with a matching ‘daughter wavelet’ as described above to produce a wavelet coefficient that reveals the similarity between the prototype function and various frequencies contained in the analysed signal. The daughter wavelet of each variable is defined as follows:
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where Wy, x1, x2 (e,τ) are the wavelet coefficients, e represents the scaling parameter, τ is the shifting/translational parameter (various combinations of e and τ lead to different daughter wavelets), the asterisk (*) is the complex conjugation, t is the time and ψ is the mother wavelet. Our mother wavelet is represented by the Morlet wavelet in Equation 17, Equation 18 and Equation 19, which consists of a modulated Gaussian width of K0/π:
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The K0 is the envelope factor that determines oscillations in a wave packet. For a good outcome with a zero (0) mean, we set k0 = 6. Secondly, we extracted the power spectrum of our variables to examine the characteristics of each time-series dataset and denoted it as follows:
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The brackets in Equation 21 and Equation 22 represent the expected values. WPSy and WPSx are the powers of signal x(t) at a certain t (time) on an s (scale). From the power spectrum defined in Equation 21 and Equation 22, we derive the Cross-Wavelet Power spectrum as follows:
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From which wavelet coherence is computed as follows:
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W(.) is the wavelet transform, S is the smoothing operator of both time and scale, without which the coherence is identical to 1 at all scales and times. The phase difference dynamics are determined as follows:
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where π < φx,y < –π and provides information on whether the relationship between two pairs of variables is positive (in-phase) or negative (anti-phase). It also provides the direction of causality, whether x leads y or vice versa. Finally, Wavelet Coherence is extended to eliminate the influence of other variables by transforming the wavelet model from simple bivariate to multivariate time-frequency analysis. This idea can be considered a conventional way of extending simple correlation to partial correlation (Agarwal et al. 2016). Hence, the partial wavelet coherence squared of the study is computed as follows:
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The magnitude square value [image: SAJEMS-27-5774-I5.jpg] represents the partial correlation in the time-frequency space between y and x1 after any linear relationship with x2 has been eliminated from y and x1.

Limitations of the methodology

While wavelet coherence analysis provides a deeper insight into the dynamics of variable co-movement by estimating the spectral characteristics of a time series over time, revealing the evolution of its periodic components, extending this analysis to multiple variables presents significant challenges (Sun & Xu 2018). Consequently, our study is limited to examining three variables by adopting a partial wavelet technique.

Data and results

Data description and summary statistics

The data used in our study span from 2000 to 2022 and are sourced from two databases for 26 African countries. Firstly, income inequality was sourced from the Standardised World Income Inequality Database (SWIID).3 Secondly, the GDP growth variable was sourced from the WBDI.4 Thirdly, the land ownership measure is the authors’ own computations. Note that the data length and choice of African countries are solely based on data availability.

Table 1 presents the descriptive statistics of the time series for the 26 African countries, revealing interesting stylised facts. For instance, Southern African countries such as Namibia, Zambia, Lesotho, Mozambique and Zimbabwe have the lowest average land ownership compared to other African countries (Bernstein 2003). Conversely, West and East African countries, such as Burundi, Rwanda, Uganda, Benin, Nigeria and Burkina Faso, record higher averages of land ownership, confirming the notion that these countries are the most egalitarian in the continent (Frankema 2005). Further, considering that Southern and Central African (West and East African) countries have marginally higher (lower) income Gini averages, we speculate a possible negative relationship between land ownership and income inequality in our sample. These methods are discussed below and we present a formal analysis to test this proposition in the regression and wavelet sections.
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Cross dependency and stationarity test

We commence our analysis by examining cross-sectional dependence among the nations to explore the causal link between land ownership and income inequality. To accomplish this, we utilise three distinct cross-sectional dependence tests: the Lagrange Multiplier (LM) test by Breusch and Pagan (1980), the Cross-Section Dependence (CD) test by Pesaran (2004) and the Bias-Adjusted Cross-Sectionally Dependent Lagrange Multiplier (CDLM) test by Pesaran, Shin and Smith (1999). The findings, illustrated in Table 2, reveal that all cross-sectional dependence tests indicate a significant cross-sectional dependence among the nations concerning the three variables. This observation implies that the effect of land inequality in one country can spread beyond borders. Based on the evidence of cross-sectional dependence, we proceeded with second-generation unit root tests, specifically the Im, Pesaran and Shin (CIPS) test developed by Pesaran (2007) and the Maddala and Wu (1999) (CADF) test, to evaluate the stationarity of the variables. The unit root test results indicate that while some variables were non-stationary at level, they all attained stationarity after taking the first difference.
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Cointegration analysis and causality tests

Table 3 presents the results of the Pooled mean group cointegration estimation analysis, while Table 4 displays the outcomes of the causality test. The PMG estimators show a positive and statistically significant long-run relationship between land ownership and income inequality regardless of which series is the dependent variable in the regression. These results contradict the conventional literature, which suggests that an increase in land ownership reduces income inequality (Carter 2000; Cipollina et al. 2018; Qasim et al. 2020). Moreover, we observe that GDP exerts a significant and positive (insignificant) long-run relationship with income inequality (land inequality), which is consistent with the Kuznets curve, which hypothesises that countries with low-income levels (such as African countries) have a positive inequality-growth relationship (Amponsah, Agbola & Mahmood 2023; Fosu 2010; Mdingi & Ho 2021). Further, note that short-run dynamics are insignificant; the error correction term produces the expected negative and significant estimate when land inequality is the dependent variable, whereas cointegration effects are verified when Pedroni’s (1999) panel v-test statistic is used. Lastly, the causality tests (Table 4) confirm bidirectional causality between income and land inequality as well as between land inequality and GDP, whereas unidirectional causality runs from income inequality to GDP.
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Altogether, our results indicate a positive relationship between land ownership and income inequality with bidirectional causality between the two variables. These findings can be explained as follows. Firstly, countries with high levels of land ownership can lead to high levels of income inequality when societies have highly skewed land distributions, predatory land practices and high levels of urbanisation (Faguet, Sánchez & Villaveces 2020). Secondly, countries with low levels of ownership can also have low levels of income inequality when the concentration of land in large farm holdings is coupled with efficient land use and investment, which generate widespread economic benefits (Lipton & Saghai 2017; Wegerif & Guerena 2020). Nonetheless, we consider our panel estimates presented thus far to be at odds with theoretical expectations. This could be because of the importance of cross-sectional differences among the countries, as revealed in the cross-sectional dependency results. Therefore, we present country-specific evidence using a time-frequency analysis in the following subsection.

Wavelet coherence analysis

Next, we examine the results obtained from the wavelet coherence analysis, which evaluates the frequency of co-movement between land ownership and income inequality across a sliding time window. This approach serves as an analogy to the correlation coefficient in the time-frequency domain. Wavelet coherency outcomes were captured within a two-dimensional matrix consisting of complex numbers. These results can be visually represented through a wavelet coherence spectrum plot that assesses the strength (coherency) and patterns (phase dynamics) of the synchronisation of the time series across various time scales.

Wavelet coherency plots measure the strength of coherency using colour contours, where cooler colours indicate weak coherence and warmer colours indicate strong coherence. Furthermore, the dynamics of relative phase differences provide insights into lead-lag dynamics, that is, whether ‘land inequality’ precedes ‘income inequality’ or vice versa. The orientation of the arrows represents the ‘sign of the relationship’, indicating whether it is positive or negative. Within the time-frequency space, four possible outcomes can be observed based on the phase difference dynamics:


	Firstly, land inequality and income inequality are in-phase or positively correlated with land inequality leading to income inequality if the arrow orientation is ↑, ↗ and →.

	Secondly, land inequality and income inequality are in-phase or positively correlated with income inequality leading to land inequality if the arrow orientation is ↘.

	Thirdly, land inequality leading to income inequality is anti-phase or negatively correlated with land inequality, leading to income inequality if the arrow orientation is ↓, ↙ and ←.

	Fourthly, land inequality and income inequality are in-phase or positively correlated with income inequality leading to land inequality if the arrow orientation is ↖.



From the wavelet coherence plots for the 26 African countries reported in Online Appendix 1, we observe two frequency bands for most countries. We summarise the phase dynamics within the frequency bands for each country in Table 5 and further group these countries into three categories:


	The first group consists of eight countries that find in-phase or positive co-movement between land ownership and income inequality. In six of these countries (Benin, Nigeria, Togo, Sierra Leone, Ethiopia, Tanzania, Zambia and Zimbabwe), we observe that land ownership causes income inequality, whereas for the remaining country (Rwanda), reverse causality is found.

	The second group consists of 16 countries that find anti-phase or negative co-movement between land ownership and income inequality. In three countries (Malawi, Mozambique and Senegal), land inequality causes income inequality, in eight countries (Burundi, Cameroon, Chad, Democratic Republic of Congo, Kenya, Lesotho, Mali and Uganda), reverse causality is observed, while in the remaining five countries (Gambia, Guinea, Ivory Coast, Liberia and Namibia), there are causality switching dynamics between the frequency bands.

	The third group of countries does not find any significant phase dynamics or co-movements between the series, that is, Burundi and Zimbabwe.
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In further disseminating our findings, we note that most countries that found in-phase or positive land ownership-income inequality co-movements did not implement formal land reforms in the post-2000 period: Ethiopia, Nigeria, Sierra Leone, Togo and Zambia. Conversely, most countries that find a negative relationship between land ownership and income inequality have implemented new reforms in the post-2000 period: Malawi, Mali, Namibia, Burkina Faso, Lesotho, Kenya and Liberia. An exceptional case exists for Burundi and Zimbabwe (Benin, Rwanda and Tanzania), which implemented reforms in the post-2000 period but produced unexpectedly insignificant (positive and significant) relationships between the variables. For these latter countries, we conclude that perverse relationships occur because of the failure of newer reforms to address land ownership in a manner that is beneficial to society.

Partial wavelet coherence results

Lastly, we present the partial wavelet coherence analysis after controlling for the influence of the GDP growth rate on the land-inequality relationship. As reported in Online Appendix 2, the partial wavelet coherence plots do not show any significant differences when compared with the wavelet coherence results for Burundi, Burkina Faso, Cameroon, Chad, Democratic Republic of Congo, Ethiopia, Gambia, Guinea, Kenya, Liberia, Namibia, Rwanda, Tanzania, Togo, Sierra Leone and Zimbabwe. However, slight changes are observed in countries such as Benin, Ivory Coast, Lesotho, Malawi, Mali, Mozambique, Nigeria, Senegal, Uganda and Zambia, but they are not substantial enough to change the phase dynamics. Altogether, we treat our findings from the wavelet coherence analysis with a fair amount of confidence because the results generally remain the same after controlling for economic growth in the partial correlations.

Conclusion

We examined the extent to which land ownership affects income inequality in Africa. We create a unique time series that measures the number of landowners per square kilometre of agricultural land and examine its relationship with income inequality for 26 African countries between 2000 and 2022 using conventional cointegration and causality analysis, as well as more advanced wavelet coherence techniques. Conventional cointegration and causality analyses indicate a positive long-run relationship between land ownership and income inequality, with bidirectional causality between the variables. The complex wavelet analysis further picks up discrepancies in the results for individual countries, with eight countries finding a positive relationship, 16 countries finding a negative relationship and two countries finding an insignificant relationship. In further discerning our empirical results, we note that countries with the theoretically expected negative relationship between land inequality relationships are observed for countries that implemented land reforms in the post-2000 period, whereas countries with a positive land inequality relationship had reforms in the pre-2000 period. These results remain robust, even when controlling for economic growth in a partial wavelet coherence framework.

Therefore, what can policymakers learn from this study? Firstly, it highlights the importance of continuously upgrading land policy reforms to ensure a more equitable distribution of land that promotes a more egalitarian society in Africa. Our findings indicate that countries that do not undergo continuous adjustments in land reforms are at risk of experiencing higher levels of land ownership without improving their income inequality. In particular, countries with more ‘insecure’ customary and private land tenures make it easier for ‘locals’ and ‘outsiders’ to exploit indigenous land and thereby exacerbate income and wealth inequality. Secondly, even for countries that have previously undergone land policy reforms, these governments should be careful as evidence of the reverse causality experienced in the post-reform period, indicating that other factors causing income inequality can lead to changes in land ownership. At the forefront of these factors is gender inequality in farmland holdings, which has been documented to be significantly larger in African countries than in other regions. Policymakers need to devise policies and laws geared towards improving the property ownership rights of women, especially under customary law.

Moving forward, we propose that both academics and policymakers alike consider the impact that educational inequality, as an important dimension of societal inequality, can have on land inequality. In theory, higher land acquisition can affect human capital development if the proceeds from land use are used for education and skill development purposes. However, to the best of our knowledge, the proposition that educational inequality can affect land acquisition has not been addressed theoretically or empirically. Future studies could consider endogenous channels such as improved technical knowledge and entrepreneurial innovation as transmission mechanisms through which improved educational equality can simultaneously improve land and income inequality.

Expanded policy implications

The findings from our wavelet coherence analysis have significant implications for policymakers, particularly regarding land reform policies in African countries. The observed phase dynamics between land ownership and income inequality highlight the nuanced and complex relationships that can inform targeted and effective policy interventions:


	Positive co-movement and lack of reforms: In countries such as Ethiopia, Nigeria, Sierra Leone, Togo and Zambia, where a positive co-movement between land ownership and income inequality was observed, our findings suggest that the absence of formal land reforms since the 2000s may have exacerbated income inequality. Policymakers in these nations should consider implementing comprehensive land reforms to address the concentration of land ownership, as this could be a critical lever in reducing income inequality. Ensuring inclusive and equitable land policies could prevent further entrenchment of income disparities.

	Negative co-movement and implementation of reforms: Conversely, countries such as Malawi, Mali, Namibia and Kenya, which have implemented land reforms and exhibit negative co-movements, demonstrate the potential effectiveness of such reforms in mitigating income inequality. These cases underscore the importance of continuing and possibly expanding land reform initiatives, ensuring that legal frameworks and enforcement mechanisms adequately support them. Policymakers should also focus on maintaining transparency and accountability in the implementation process to maximise the benefits of these reforms for broader segments of the population.

	Challenges in reform implementation: The exceptional cases of Burundi, Zimbabwe and Benin, where land reforms did not yield the expected outcomes, highlight the challenges in reform implementation. For these countries, it is crucial to reassess the design and execution of land reforms. Policymakers should investigate the barriers to successful reform outcomes, such as issues related to governance, land tenure security or the socio-political context. Tailored interventions that address these specific challenges may be necessary to ensure that land reforms contribute to reducing income inequality.

	Causality and policy timing: The presence of causality-switching dynamics in countries such as Gambia, Guinea and Ivory Coast suggests that the relationship between land ownership and income inequality is not static. This finding emphasises the need for dynamic and adaptable policy approaches that can respond to changing conditions over time. Policymakers should consider the timing of interventions and the potential for reforms to have different effects at various stages of implementation.



By incorporating these policy implications into our analysis, we aim to provide actionable insights that can guide future land reform initiatives and contribute to reducing income inequality in African countries.
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TABLE 2b: Cross dependency and stationarity test.

Variable Maddala and Wu (1999) (CADF) Pesaran (2007) (CIPS)
Level 1st Difference Level 1st Difference

Stationarity test

L/o 0538 25644+ 0493 38904+

i 112 154 -1.26 42244

GDPG 2.23%x+ 33244 3554 5,63+

#+%, 0 and * denote significance at the 1%, 5% and 10% levels, respectively.

LM, Lagrange multiplier; CD, cross-section dependence; GDPG, Gross Domestic Product Growth
Rate; CADF, Cross-sectionally Augmented Dickey-Fuller; CIPS, Cross-sectionally Im-Pesaran-Shin.
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TABLE 5: Summary of wavelet coherence results.

Countries First frequency band Second frequency band
Period Cycle + Lead/Lag Period Cycle + Lead/Lag
Panel A: Countries with in-phase dynamics
Benin 2000-2007 0-2 years + Lol N/A N/A N/A N/A
Ethiopia N/A N/A N/A N/A 2015-2022 0-6 years + Lol
Nigeria 2000-2010 0-8 years + Lol 2010-2022 0-8 years + Lol
Sierra Leone N/A N/A N/A N/A 2015-2022 0-8 years + Lol
Rwanda 2000-2002 0-3 years + II-L0 N/A N/A N/A N/A
Tanzania 2010-2022 0-8 years + Lol 2010-2022 0-8 years + Lol
Togo 2000-2010 0-8 years + Lol 2010-2022 0-8 years + Lol
Zambia 2000-2014 0-5 years + Lol 2015-2022 3-5 years + Lol
Panel B: Countries with anti-phase dynamics
Burkina Faso 2000-2010 0-4 years - Lo—II 2013-2020 3-7 years - Lo—II
Cameroon N/A N/A N/A N/A 2015-2022 6-8 years B I-L0
Chad N/A N/A N/A N/A 2015-2022 0-8 years - I-L0
DRC 2000-2005 0-3 years - II-L0 2014-2022 5-8 years - I-L0
Ivory Coast 2000-2005 0-3 years - Lo—II 2016-2020 0-2 years - I-L0
Gambia 2000-2005 0-3 years - Lo—II 2014-2020 0-4 years - I-L0
Guinea 2000-2010 0-8 years N Lo—II 2010-2020 0-8 years B I-L0
Kenya 2000-2010 0-8 years - II-L0 2010-2022 0-8 years - I-L0
Lesotho 2000-2002 0-5 years - [[BT) 2020-2022 0-2 years - I-L0
Liberia 2000-2005 0-4 years - Lo—II 2011-2020 0-8 years - I-L0
Mali 2000-2007 0-6 years - II-L0 2015-2020 0-6 years - I-L0
Malawi 2000-2007 0-8 years N Lo—II 2018-2022 0-3 years - Lo—II
Mozambique 2000-2002 0-2 years - Lo—II 2018-2022 0-2 years - Lo—lII
Namibia 2000-2010 0-8 years - Lo—II 2011-2022 0-8 years - I-L0
Senegal 2000-2005 0-2 years - Lo—II 2010-2015 0-2 years - Lo—II
Uganda N/A N/A N/A N/A 2011-2020 2-6 years - I-L0
Panel C: Countries with no co-movements
Burundi N/A N/A N/A N/A N/A N/A N/A N/A
Zimbabwe N/A N/A N/A N/A N/A N/A N/A N/A

DRC, Democratic Republic of Congo.
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TABLE 4: Pairwise Dumitrescu-Hurlin causality tests.

Null hypothesis W-stat Zbarstatistic P
Land ownership does not cause income inequality ~ 6.84 879  0.0000***
Income inequality does not cause land ownership ~ 11.72 1822 0.0000%*
Land ownership does not cause GDP 3.84 299 0.0028***
GDP does not cause land ownership 3.66 264 0.0084++*
Income inequality does not cause GDP growth 3.69 271 0.0069***
GDP growth does not cause income inequality 281 099940 0.3176

#+%, denote significance at the 1%.
GDP, gross domestic product.





OPS/SAJEMS-27-5774-E17.jpg
W, (ex)=ld 2 L’,‘(y)w'[%]m [Eqn17





OPS/SAJEMS-27-5774-E16.jpg
[Eqn 16





OPS/SAJEMS-27-5774-E11.jpg
11,

z‘_I[J,AGDP

.ZVAAL/D

(Eqn 11





OPS/SAJEMS-27-5774-T1.jpg
TABLE 1: Descriptive statistics.

Country Land ownership per sq.km Income Gini GDP growth
Mean SD Mean SD Mean sD

West African countries

Burkina Faso 35.21 4.410000 0.437304 0.021370 5360000 2.00
Benin 53.63 4560000 0.443391 0.026856 4.680000 176
Cameroon 30.71 5.200000 0.442130 0.014053 3.970000 139
Ivory Coast 1938 1.850000 0.457565 0.003217 3.680000 447
Gambia 32.40 2590000 0.442043 0.018195 3.200000 4.00
Guinea 1335 2230000 0.396870 0.020406 4.500000 265
Liberia 21.68 1.910000 0.361522 0.005767 2.400000 7.96
Mali 7.58 1.370000 0.397130 0.007479 4.470000 3.44
Nigeria 39.08 6.500000 0.442783 0.004188 5.150000 369
Senegal 15.40 1.950000 0.411043 0.010151 4.130000 192
Sierra Leone 2116 2.090000 0.412087 0.009525 5.460000 879
Togo 30.53 4280000 0.435826 0.007941 3.770000 3.12
East African countries

Burundi 88.75 18.320000 0.387652 0.004292 2.400000 2550
Ethiopia 54.53 14.570000 0.333435 0.005798 8.520000 363
Kenya 28.77 4570000 0.463565 0.004860 4.280000 227
Rwanda 83.12 8.630000 0.507304 0.004577 7.420000 335
Tanzania 21.04 3.200000 0.440087 0.006646 5.990000 133
Uganda 58.23 6.530000 0.437087 0013270 5910000 219
South and Central African countries

Chad 8.25 1.830000 0.419217 0.016933 5.650000 849
DRC 34.75 3.860000 0.432652 0.011400 4.880000 366
Lesotho 7.70 0306554 0.498957 0.008293 2100000 2.99
Malawi 110.59 12.820000 0.462348 0.007371 3.980000 3.07
Mozambique 7.73 2.050000 0.464130 0.007002 5.910000 3.02
Namibia 0.62 0.064873 0.654174 0.005441 3.280000 3.86
Zimbabwe 8.90 2.030000 0.476826 0.012865 0627838 9.74
Zambia 7.45 1.040000 0565522 0.025023 5380000 2.82

SD, standard deviation: GDP, gross domestic product; DRC, Democratic Republic of Congo.
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TABLE 3: Pooled mean group cointegration estimation.
Dependent variable Dependent variable

Land ownership Income inequality

Panel A: Long-run

1 27.07 (0.0181)** N/A

Lo N/A 0.000565 (0.0048)***
GDP 0.009838 (0.4670) 0.002799 (0.0000)***
Panel B: Short-run

Al -12.39 (0.5660) -

ALO - -0.048383 (0.3495)
AGDP 0.019392 (0.3213) 5.41E-05 (0.6583)
ECT(-1) -0.050676 (0.0116)** -0.000964 (0.9832)
Panel C: Cointegration tests

Panel v-statistic 4.28 (0.0000)*** 233 (0.0101)**
Panel rho-statistic 2.19(0.9855) 0771325 (0.7797)
Panel PP-statistic 0.685742 (0.7536) 1.422888 (0.9226)
Panel ADF-statistic 1.20 (0.8851) -2.11 (0.0174)%*
Group rho-statistic 3.76 (0.9999) 1.61(0.9458)
Group PP-statistic 1.67(0.9517) 0.080265 (0.5320)
Group ADF-statistic 1.16 (0.8758) 67 (0.0476)*

Note: Probability values reported in parentheses.
#+%, 0 and * denote significance at the 1%, 5% and 10% levels, respectively.
GDP, gross domestic product; ADF, Augmented Dickey-Fuller; PP, Phillips Perron.
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TABLE 2a: Cross dependency and stationarity test.

Test Statistic ar Prob.

Breusch-Pagan LM 2264.88 351 0.0000
Pesaran scaled LM 7224 - 0.0000
Pesaran CD 27.64 - 0.0000

#+%, 0 and * denote significance at the 1%, 5% and 10% levels, respectively.

LM, Lagrange multiplier; CD, cross-section dependence; GDPG, Gross Domestic Product Growth
Rate; CADF, Cross-sectionally Augmented Dickey-Fuller; CIPS, Cross-sectionally Im-Pesaran-Shin.
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