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Abstract 
Context and Background
Climate change, land degradation, and sustainable development are pressing challenges in developing countries, especially in Africa, with varying effects on different regions. Africa is vulnerable to the adverse effects of climate change, which include increased temperatures, changing rainfall patterns, and rising sea levels. These impacts severely affect land degradation, exacerbating soil erosion, desertification, and deforestation across the continent. West Africa experiences encroaching desertification, while East Africa faces recurring droughts and food security concerns. Central Africa grapples with deforestation and habitat loss, while Southern Africa contends with water scarcity. Also, North Africa confronts the challenges of rising temperatures and declining agricultural productivity. These environmental problems directly affect the sustainability of agricultural production, livelihoods, and economic growth and consequently have implications for implementing the African Continental Free Trade Area (AfCFTA).

The above underscores the need to implement sustainable strategies to counteract the effects of climate change, combat land degradation, and achieve sustainable development. In addition, establishing the AfCFTA, a landmark trade agreement in Africa, presents opportunities and challenges in the face of climate change and land degradation. On the one hand, AfCFTA aims to promote intra-African trade, economic diversification, and sustainable development. However, the AfCFTA's objectives may be hindered without adequate measures to address environmental issues. Climate change and land degradation can undermine agricultural productivity, increase the vulnerability of small-scale farmers, and lead to food insecurity. Furthermore, expanding trade and economic activities can increase carbon emissions, exacerbating climate change further.
Goal and Objectives:
To achieve sustainable development and ensure the success of the AfCFTA, this study therefore examines the implications of climate change, land degradation and sustainable development in different regions of Africa (Central, East, North, South, and West Africa) for the AfCFTA, by:
 (1) Assessing the effect of climate change on land degradation in different regions of Africa;
(2) Investigating the effect of climate change and land degradation on sustainable development (agricultural productivity, crop yields, agricultural output per capita, livelihoods, and economic growth) of different regions of Africa; and
(3) Evaluating the implications of climate change, land degradation, and environmental issues for the success of AfCFTA. We also explore the potential risks and opportunities the AfCFTA presents in addressing these environmental challenges.
Methodology  
Secondary data climate change, land degradation and sustainable development indicators was obtained for 46 African countries from WDI for the period 1990-2022. In addition, the study explores the advantages of Principal Component Analysis (PCA) to generate a climate change index and a sustainable development index, respectively, from several indicators. Also, it employs fixed-effect regression with Driscoll-Kraay standard errors to show the understanding of how climate change and land degradation affect agricultural productivity, crop yields, agricultural output per capita, livelihoods, and economic growth after controlling heterogeneity in our sample using regional economic groupings, and which afterwards impact sustainable development and inform AfCFTA implementation.
Results
The results informs policymakers, researchers, and practitioners about the complexities and potential solutions for addressing the aforementioned environmental issues for the AfCFTA's success and achieving sustainable development in Africa. The study submits that to ensure the success of the AfCFTA and achieve sustainable development, African countries need to invest in climate-resilient infrastructure, promote green technologies, and encourage sustainable land management practices that can contribute to a more resilient and sustainable future for Africa. Thus, there is a critical need for integrated policies and strategies. These should encompass climate change adaptation and mitigation, land restoration and conservation, sustainable agricultural practices, and renewable energy promotion in Africa.
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1. Introduction
Climate change and land degradation are inextricably linked (Herrick et al., 2013), with climate change affecting the planetary biodiversity and ecosystem services through land degradation (Zhao, 2023). Land degradation and climate change are estimated to reduce crop yields by an average of 10% globally and up to 50% in certain regions by 2050 (Weeraratna, 2022). Although several socio-economic, climatic, biological, geological factors and land mismanagement practices associated with land use have been linked with land degradation, climate change has been identified as the primary driving force of land degradation (UNCCD, 2015). Land degradation, which is `the significant decline in the productivity or usefulness of land resources resulting directly and indirectly from human activities (Hurni et al., 2010; Kumar and Das, 2014), has become a critical issue worldwide, especially in Africa, due to its adverse impact on agricultural productivity, food security, the environment, and livelihoods (Adebayo, 2023; Akinyemi et al., 2021). Though soils are crucial to food security and human existence, climate change threatens food security by degrading soil property (Edafe et al., 2023; Blum and Nortcliff, 2013; Brevik, 2013a and 2013b).
There are interlinkages between land degradation and food systems, with land degradation impacting the agro-economic and environmental systems in Africa in many ways, through reductions in crop and livestock productivity, with food production resulting in the alterations of landscapes, water, and soil (Egbetokun et al., 2020). The continent’s food environment is burdened with numerous land degradation challenges. Some of these include inter alia, deterioration in soil's physical, chemical, and biological properties, nutrient depletion, and biodiversity loss. Some sources assert that past soil erosion resulted in yield reduction in Africa ranging from 2% to 40%, with a mean loss of 8.2% for the continent (Eswaran et al., 2001). According to the Africa Group of Negotiators Expert Support (AGNES, 2020), an estimated 46% of Africa’s land area is affected by land degradation, with at least 485 million (65%) people affected, translating to $9.3 billion annual cost. The report further estimates that approximately 75% to 80% of the continent’s cultivated area is seemingly degraded, amounting to a total loss of 30 to 60 kg of nutrients per hectare per year.
The nexus among land degradation, climate change and food systems is being perceived within the context of the global development agenda as exemplified in the Sustainable Development Goals (SDGs) and other policy responses at the national and continental levels. For instance, SDG15 of the 2030 Agenda aims to “protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat desertification, and halt and reverse land degradation and halt biodiversity loss”, while SDG13 aims to “take urgent action to combat climate change and its impacts” and SDG2 aims to “end hunger, achieve food security and improved nutrition and promote sustainable agriculture.” Other initiatives include the United Nations Convention to Combat Desertification (UNCCD) and the Paris Agreement, which aims to strengthen the global response to the threat of climate change by limiting global warming to 1.5 degrees Celsius. These initiatives resonate at the African level through the African Union (AU) Agenda2063, the 2003 Maputo Declaration, the 2014 Malabo Declaration on “accelerated agricultural growth and transformation for shared prosperity and improved livelihood”, and the 1991 Abuja Treaty establishing the African Economic Community. At the country level, national governments are expected to take initiatives to mainstream land degradation and climate change in their national development strategies and achieve the 17 SDGs (Sims et al., 2019).  	
These synergies among land degradation, climate change and sustainable development have significant implications for all the global environmental conventions (Gisladottir and Stocking, 2005). There are, therefore, enthralling reasons to mainstream climate change issues, including land degradation, into the AfCFTA framework (AfCFTA, 2023) by promoting climate-resilient development through issues of sustainable and resilient food systems, food and nutrition security and climate change adaptation and contributing to the global green new deal that promotes Africa’s interests on climate resilient development.
Land degradation has affected an estimated 1.5 billion people and a quarter of land area in all agro–ecological zones worldwide (Lal et al., 2012). Every year, it is estimated that around 5–8 million hectares of land that used to be productive can no longer be put to any form of agricultural use due to degradation globally (TerrAfrica, 2006). While it has been established that land degradation has posed great adversity to people’s livelihoods and currently affects over a quarter of the earth’s ice-free land, the more significant part of the 1.3 to 3.2 billion affected people with low incomes in developing countries. Empirical evidence also indicated a bidirectional link between poverty and land degradation (Barbier, 2000; Lambin et al., 2001; Eswaran et al., 2001). The problems are severe in the dryland areas of the planet, with about 73% of rangelands in dry lands currently being degraded, together with 47% of marginal rainfed croplands and a significant percentage of irrigated croplands, affecting the poor and most marginal rural people world-wide in a lop-sided manner (Gisladottir and Stocking, 2005).
Land degradation is a global development and environmental problem (Giuliani, 2020) rampant in Africa. Land degradation affects about 86% of Near East and North Africa’s (NENA) total area of 14.1 million km2 (Abahussain et al., 2002; FAO and ITPS, 2015). The cost of environmental degradation in the NENA region ranged from 2.1 to 7.4% of the Gross Domestic Products (GDP) for different countries in 2010 (Croitoru and Sarraf, 2010) which, when compared to 0.9% of the average global environmental degradation in terms of GDP in 2008 is much higher (Hussein, 2008). Moreover, the cost of land degradation alone affects 1.62% of the NENA’s GDP (Nkonya et al., 2016). In East Africa, although there has been no agreement among development experts on the exact extent and severity of land degradation as well as its impacts (Reich et al., 2001; GEF, 2006), it is generally believed that resource loss due to land degradation in East Africa is monumental (Maitima, 2009). MoFED (2010) stated that about 1 billion tons of topsoil are lost annually in Ethiopia due to soil erosion, resulting in a 3% Agricultural GDP loss (Yesuf et al., 2008). Land degradation has been the topmost environmental problem in Tanzania for over 60 years (Assey et al., 2007). As for Malawi and Zambia, Chemical land degradation has led to a 15% loss in arable land in the two countries in the last decade alone (Chabala et al., 2012).
In the context of these global development and environmental impacts of land degradation, and the implementation of the AfCFTA framework, climate change, land degradation and sustainable development concepts are of high policy relevance. They are also crucial in developing response strategies for combatting land degradation and reducing greenhouse emissions through biodiversity and ecosystem restoration. Government and development agencies increasingly recognize the interlinkages between land degradation, climate change and sustainable development. Understanding these synergies provides a pathway to achieving some of the 2030 sustainable development agenda. Consequently, climate action and land degradation have been at the forefront of recent policy debates and concern African governments and development agencies. However, there is minimal empirical evidence on the implications of climate change, land degradation and the SDGs (e.g. SDGs 2, 13 and 15) in the different regions of Africa within the context of the African Continental Free Trade Area (AfCFTA) framework. Previous studies have examined the relationships between land degradation and environmental changes in Africa (Mohamed and Nageye, 2020; Jiang et al., 2014); or investigated the nexus between environmental degradation and human capital development in sub-Saharan Africa-SSA (Asongu and Odhiambo, 2018). Other studies (Wang and Dong, 2019) examined the drivers of environmental degradation in SSA. Thus, this study makes novelty contributions to the literature and the global development policy agenda by investigating the dynamics of climate change and land degradation on sustainable development in Africa and its implications within the context of the AfCFTA framework.
The overall objective of this study is to investigate the implications of climate change and land degradation on sustainable development in the different regions of Africa within the framework of the AfCFTA. The specific objectives are, therefore, to:
i. assess the effect of climate change on land degradation in different regions of Africa;
ii. investigate the effect of climate change and land degradation on sustainable development (agricultural productivity, crop yields, agricultural output per capita, livelihoods, and economic growth) of different regions of Africa and
iii. evaluate the implications of climate change, land degradation, and environmental issues for the success of AfCFTA including the potential risks and opportunities AfCFTA presents in addressing these environmental challenges.
The remainder of this paper is organized as follows: section 2 provides a review of related literature, including the conceptual framework, a review of empirical literature and the gaps in the literature. The research methods and data are described in section 3. The results and discussion are presented in section 4. Section 5 concludes and highlights recommendations for policy and future research.

2. Review of Related Literature
2.1 Conceptual Framework
Conceptual models describing the resilience of agricultural systems (Kelly et al., 2015) have been practical tools for understanding land degradation impacts on agricultural production and the interconnectedness of the impacts with social and economic systems (Rist et al., 2014). Models like these suggest that the exposure (degree of climate stress), sensitivity (e.g., crop responsiveness to climate change), and adaptive capacity of producers determine the vulnerability of agroecological systems to climate change, and each can be influenced directly and indirectly by land degradation.
Identifying which agroecological systems are vulnerable to the interactive effects of land degradation and climate change is essential for prioritising management and policy responses at different scales. This is a biophysical and biogeochemical challenge, requiring knowledge of how inherent land potential (UNEP-IRP, 2016) and land degradation processes interact with temperature, precipitation, and atmospheric carbon dioxide concentration changes. Drylands with limited rainfall, frequent high temperatures, and areas already experiencing land degradation may be most exposed to damaging interactions with climate change (Gisladottir and Stocking, 2005). Interactions between land degradation and climate change will also be highly variable in space and time. For example, the impacts of declining rainfall on crop yields and livestock forage availability will vary across degraded and non-degraded lands with different levels of nutrient availability, infiltration rates, and soil moisture retention (Herrick et al., 2013).
Integrating agroecosystem models incorporating land degradation processes will improve the identification of where these feedbacks are most likely to occur and which regions are most vulnerable. Identifying vulnerabilities is also a challenge for social scientists and economists. Land-use approaches and policies that have resulted in land degradation may be responsible for increasing the sensitivity of agroecological systems to climate change (Stringer et al., 2009). Understanding where these interactions occur will help scientists and managers identify potential future vulnerabilities and the biophysical and socioeconomic trade-offs for adaptation options (Webb et al., 2013). Socioeconomic vulnerabilities can be as critical, or more critical, than ecological vulnerabilities for climate change adaptation in agriculture (Mani et al., 2021). Therefore, diverse approaches that reveal the socioeconomic factors influencing different agroecological vulnerabilities will be necessary for identifying success.
Figure 1 illustrates the intricate web connecting the land degradation neutrality (LDN) vision, strategic management, effective execution, and meticulous tracking methods (Orr et al., 2017; Cowie et al., 2018). Dive into this visualization and witness a dance between nature and society. It underscores the deep-seated bonds and dynamic processes that fortify the land's ability to bounce back from adversities and champion the essence of human welfare. This includes pivotal aspects like ensuring consistent food security and fostering sustainable ways for communities to thrive. Delving through the diagram unveils a journey emphasizing the harmony and balance essential for our shared future.
The solid lines depict clear-cut cause-outcome links, while dotted lines represent reactive relationships. This illustration adapts from two renowned frameworks: the Driving Force-Pressure-State-Impact-Response (DPSIR) model, initially developed by Smeets and Weterings (1999), and the expanded Driving force-Pressure-State-human/environment Impact-Response (DPSheIR) framework, embraced by UNCCD-AGTE (2013). These frameworks serve as a guiding compass, helping us navigate the intricate interplay of factors influencing our environment and societal responses (Cowie et al., 2018).
[image: ]
Figure 1: Framing LDN through a cause-and-effect framework within the socio-ecological landscape 
Source: Adopted from Cowie et al. (2018).
Addressing land degradation is essential for building sustainable agroecological systems that are climate resilient, conserve biodiversity, and meet global development goals. Future agroecological systems will depend on the present-day development of innovative management and policy options. There are increasing opportunities for coordination among the UNCCD, UNFCCC, and UNCBD, despite their different foci, to enable agroecological systems to become land degradation-neutral and resilient to climate change (Akhtar-Schuster et al., 2017). However, scientists, managers, and policymakers must not only fill critical gaps in the current understanding of land degradation–climate change interactions and strengthen collaborations to address adaptation-related challenges locally and globally.
The United Nations (UN) has presented multi-level actions to combat desertification, restore degraded land and soil, including land affected by desertification, drought, and floods, and strive to achieve a land degradation-neutral world by 2030 (UNGA, 2015). This target builds upon political momentum initiated in 2011 to tackle land degradation issues; if the African community was severely committed to reversing land degradation and desertification, the time had come to commit to building a land degradation-neutral world (Call et al., 2019). While the centrality of land in addressing several sustainable development challenges has now been politically recognized (including challenges relating to poverty, food, water, and energy security, human health, migration, conflict, tackling climate change, and biodiversity loss) (Thomas et al., 2012), the next step is for the world to operationalize its new commitment to LDN. As established by policymakers, the target of achieving the goals by 2030 leaves us with a demanding seven-year window to take significant steps. If substantial progress is not witnessed in the upcoming years, reigniting the same level of political engagement may prove to be a formidable task.
2.2 Empirical Literature and Gaps
Land degradation and climate change are intensifying challenges that have affected global agricultural production and the acceleration of the African Continental Free Trade Area. Land degradation can influence the size and direction of climate impacts and the effectiveness of management options (Webb et al., 2017). It is also a natural and human-induced process that negatively affects the land's natural functions related to water, energy, nutrient storage, and recycling, leading to a shortage in land productivity (Ahmed and Shimada, 2019).
Land degradation is the ongoing decline in a land's production ability, evident through various interconnected processes. This may encompass issues such as soil erosion, loss of nutrients, decline in biodiversity, deforestation, or weakening plant health, as described by Jiang et al. (2022). Land degradation and climate change may be associated with regime shifts (desertification, lake eutrophication, species extinction, health hazards, etc.) in agroecological systems, requiring novel management approaches or land-use change. Response strategies may be targeted toward equilibrium (predictable) or non-equilibrium (episodic) ecological change (Bestelmeyer et al., 2015). Climate change can exacerbate and accelerate land degradation through various means, including accelerated soil erosion, increased evapotranspiration rates, drought, and changes in biodiversity, pests, and diseases. The legacy of historical land degradation may then further influence the magnitude and direction (positive or negative) of the impacts of climate change on agroecological systems.
Tackling these challenges caused by climate change and land degradation is vital for building sustainable agroecological systems that feed the rapidly growing population and achieve the Sustainable Development agenda of ending poverty (SDG1). However, there is a wealth of knowledge about land degradation and climate change as separate phenomena. Less is known about how they are most likely to interact with the AfCFTA, agroecological systems, and how societies must adapt simultaneously to their impacts (Web et al., 2017). The scale of each challenge alone is enormous. Land degradation is estimated to affect >25% (37.25 million km2) of the global land area in the form of a reduction or loss of soil quality due to physical and chemical changes and declining biological and economic productivity (ELD Initiative, 2015). These changes are occurring across the world's ecosystems and agricultural lands, including arid and semi-arid rangelands and pasturelands (Bestelmeyer et al., 2015), agro-forestry systems (Miettinen et al., 2014), and croplands (FAO, 2017). However, available global assessments of land degradation rates use different definitions, lack comparability, and are highly uncertain (Cohen et al., 2021; Folqué, 2021; Chenchouni, 2022). Developing countries have experienced approximately 40% of land degradation and are expected to account for 78% of the global dryland expansion and 50% of population growth by 2100 (Bevis et al., 2017). Concurrently, the risks of climate change to agriculture, biodiversity, and livelihoods are also vast, with some of the most significant risks in developing dryland areas (Hermans and McLeman, 2021).
Managing accelerating climate change impacts is an immense and urgent task, but it may sometimes provide opportunities for restoring land and increasing agricultural production. Land degradation and climate change are interlinked processes with biophysical and human drivers, impacts, and responses (Herrick et al., 2013). Land degradation is defined as a "reduction or loss of biological or economic productivity and complexity of agroecological systems as a consequence of land use or from one or more processes that may arise from human activities, including (i) soil erosion by wind or water, (ii) deterioration of the physical, chemical, and biological or economic properties of soil (e.g., due to salinization), and (iii) long- term loss of natural vegetation" (Ziadat et al., 2022). Land degradation may be exacerbated by land use or management patterns and natural phenomena such as drought, heavy rainfall, and fire (MA 2005). These processes may also be influenced by social, economic, and political factors that encourage or impose land-use pressures while failing to balance the supply of ecosystem services with agricultural production demands (Bouadjabi et al., 2022).
Land degradation and climate variables can manifest across agroecological systems, tropical forest canopy cover structural changes, and biomass reduction (Chenchouni, 2017). Also, salinization, irrigated drylands (Akinyemi et al., 2021), and soil nutrient erosion in croplands (IPBES, 2018) are manifestations of land degradation. The impacts may diffuse across landscapes and regions or form hot spots, exhibiting sizeable spatial variability. Given the connectedness of ecological and social systems, land degradation usually results in a decline in agro-socio-ecosystem resilience, defined as a system's ability to maintain the structure required to sustain a basic system.
While extensive land degradation and climate change research are individual challenges, the nexus between these issues and Africa's free trade remains underexplored, particularly within diverse agroecological systems. Existing global land degradation assessments grapple with inconsistencies, varying definitions, and a lack of unified metrics. Furthermore, a comprehensive vulnerability analysis that intertwines biophysical and socioeconomic dimensions is conspicuously missing. This gap extends to the dearth of integrated models holistically portraying interactions between land degradation and climate change. Even as we recognize the physical vulnerabilities, the socioeconomic implications, especially in climate-adaptive agriculture, need greater scrutiny. The pressing challenge remains amid these complexities: How do we translate the acknowledged significance of land in sustainable development into actionable strategies, especially as the 2030 deadline looms?
This study, therefore, embraces a holistic approach, weaving together the multifaceted impacts of climate change, land degradation, and sustainable development indicators across Africa's diverse regions. The study bridges a critical knowledge chasm by delving deep into the environmental challenges within the African Continental Free Trade Area (AfCFTA) framework. It offers a meticulous regional analysis, shedding light on the nuances of climate change and land degradation and addressing the inconsistencies in broader global assessments. Through a keen assessment of the intricate interplay between climate change and land degradation, the research illuminates vital feedback mechanisms. Crucially, by appraising the potential risks and rewards AfCFTA brings, the study aims to furnish pragmatic recommendations, guiding efforts to operationalize global commitments to counter land degradation and the mounting challenges of climate change. In essence, this research promises to bridge several knowledge gaps by offering a comprehensive, region-specific, and actionable understanding of the interplay between climate change, land degradation, and sustainable development in the context of the AfCFTA framework. 
3. Materials and Methods
3.1 Model Specification
In empirical research that involves time-series and cross-sectional data with potential correlation and heteroscedasticity across panels, using appropriate standard errors is crucial to make accurate statistical inference (Adeleye et al., 2022; Adeleye, Shafiq, and Abdulkareem, 2022; Adeleye et al., 2021; Driscoll and Kraay, 1998). Thus, the Prais-Winsten regression model with panel-corrected standard errors (PCSE), which also controls for heteroscedasticity and serial correlation, is adopted to achieve the set objectives of the study. Following several studies on the relationship between climate change, land degradation, sustainable development (agricultural productivity, crop yields, agricultural output per capita, livelihoods, and economic growth), with the implications for the success of the AfCFTA (Uzomah and Abdullahi, 2023; Jiang et al., 2022; Sahoo and Wani, 2020; Giuliani et al., 2020; Ghebrezgabher et al., 2019; Ngepah and Udeagha, 2019; Sims et al., 2019; Asongu and Odhiambo, 2018; Web et al., 2017; Stringer and Reed, 2016; Osabuohien, 2014), the overall functional model is specified in equation (1) as follows: 
						(1)
Where  is a  vector of dependent variables such as land degradation (LDI) at time,  and country,  Sustainable Development Goal-2 (SDG-2) indicator at time,  and country,   and trade openness (TRAD) indicator at time,  and country, . Also,   represents a  vector of the major independent variables of climate change indicators such as climate change index (CCI) generated via Principal Component Analysis (PCA) at time,  and country, , Carbon Emissions Intensity (CEI), Natural Resources Depletion (NRD), Rainfall Patterns proxied by Average precipitation in depth (AVP) at time,  and country,  while  represents a  vector of other important control variables such as population growth (POP), inflation rate (INFL) and exchange rate (EXR) at time,  and firm   is the country-specific disturbance term at time, 
Specifically, to address the first objective about the effect of climate change on land degradation in different regions of Africa, we modify Equation 1, and the baseline relation specifies the land degradation index (LDI) as a linear function of the climate change index (CCI) as well as climate change indicators, such as carbon emissions intensity, natural resources, rainfall patterns and population growth in line with extant studies (See Sahoo and Wani, 2020; Ghebrezgabher et al., 2019; Sims et al., 2019; Asongu and Odhiambo, 2018; Web et al. 2017; Stringer and Reed, 2016), and expressed in equation (2) thus:
					(2)
Where  is a  vector of land degradation measures, including land degradation index (LDI), Change in Land Cover proxied by Agricultural land as a % of land area (AGL), Deforestation rate proxied by net forest depletion as a % of GNI (DER), Habitat Loss proxied by total annual freshwater withdrawals as a % of total internal resources (HAL), and Carbon Stock proxied by CO2 emissions per capita (CAS);  is a 4 vector of climate change indicators and Annual Population growth (POP). 
To address the second objective, we modify Equation 1 to assess the effect of climate change and land degradation on Sustainable Development Goal-2, and the baseline relation expresses Sustainable Development Goal-2 (SDG-2) indicators as a dependent variable and a linear function of climate change indicators, and land degradation indicators as well as other control variables (such as population growth inflation rate and exchange rate) following the studies of Jiang et al., (2022), Giuliani et al., (2020), Sims et al., (2019), and Osabuohien (2014), and expressed thus in equation (3):
	(3)
Where  is a  vector of Sustainable Development Goal-2 indicators, including Sustainable Development Goal-2 index (SDG2I), Agriculture, forestry, and fishing, value added per worker (AVA), Total fisheries production (TFP), Aquaculture production (AQP), and Crop production index (CPI);   is a 4 vector of climate change indicators;  is a  vector of land degradation measures.
Lastly, intending to evaluate the implications of climate change and land degradation for the success of the AfCFTA, we explore the effects of climate change and land degradation on trade openness in African countries by expressing trade as the dependent variable following some extant literature on trade and environment (See Uzomah and Abdullahi, 2023; Giuliani et al., 2020; Ngepah and Udeagha, 2019). The linear functional relation is therefore specified in equation (4):
	(4)
Where  represents the trade openness;   is a 4 vector of climate change indicators;  is a  vector of land degradation measures. 
3.2 Data Measurements and Sources
Table 1a Data Description, Measurements and Sources
	S/N
	 
	Description/Measurements
	Indicator
	Source

	
	
	Climate change Indicators
	
	

	1
	CEI
	CO2 intensity (kg per kg of oil equivalent energy use)
	Carbon Emissions
	WDI, 2023

	2
	END
	Adjusted savings: energy depletion (% of GNI)
	Resources depletion
	WDI, 2023

	3
	MID
	Adjusted savings: mineral depletion (% of GNI)
	Resources depletion
	WDI, 2023

	4
	NRD
	natural resources depletion (% of GNI)
	Resources depletion
	WDI, 2023

	5
	PED
	Particulate emission damage (% of GNI)
	Carbon Emissions
	WDI, 2023

	6
	AVP
	Average precipitation in depth (mm per year)
	Rainfall Patterns
	WDI, 2023

	7
	CCI
	Climate Change Index
	Generated through PCA
	WDI, 2023

	
	
	Land degradation Indicators (SDG-15)
	
	WDI, 2023

	8
	AGL
	Agricultural land (% of land area)
	Change in Land Cover
	WDI, 2023

	9
	ARL
	Arable land (% of land area)
	Change in Land Cover
	WDI, 2023

	10
	FOA
	Forest area (% of land area)
	Change in Land Cover
	WDI, 2023

	11
	DER
	Adjusted savings: net forest depletion (% of GNI)
	Deforestation
	WDI, 2023

	12
	HAL
	Annual freshwater withdrawals, total (% of internal resources)
	Habitat Loss
	WDI, 2023

	13
	CAS
	CO2 emissions (metric tons per capita)
	Cabon Stock
	WDI, 2023

	14
	LDI
	Land degradation Index
	Generated through PCA
	WDI, 2023

	
	
	Sustainable Development Indicators for SDG-2
	
	WDI, 2023

	15
	AVA
	Agriculture, forestry, and fishing, value added per worker (constant 2015 US$)
	Agricultural Productivity
	WDI, 2023

	16
	TFP
	Total fisheries production (metric tons)
	Agricultural Productivity
	WDI, 2023

	17
	AQP
	Aquaculture production (metric tons)
	Agricultural Productivity
	WDI, 2023

	18
	CEP
	Cereal production (metric tons)
	Agricultural Productivity
	WDI, 2023

	19
	CEY
	Cereal yield (kg per hectare)
	Crop Yields
	WDI, 2023

	20
	CPI
	Crop production index (2014-2016 = 100)
	Crop Yields
	WDI, 2023

	21
	SDG2I
	Sustainable Development Indicators for SDG-2 Index
	Generated through PCA
	WDI, 2023

	22
	Trade
	Trade (% of GDP)
	Trade Implication for AfCFTA
	WDI, 2023

	23
	POP
	Population growth (annual %)
	Control Variable
	WDI, 2023

	24
	INF
	Inflation, consumer prices (annual %)
	Control Variable
	WDI, 2023

	25
	EXR
	Official exchange rate (LCU per US$, period average)
	Control Variable
	WDI, 2023


Source: Authors’ Compilation 
3.3 Population and Sample
As of February 20, 2023, all 55 African countries (except Eritrea) have signed the AfCFTA Agreement. Among these countries, 46 have deposited their instruments of ratification with the depositary (Chairperson of the African Union Commission), and 47 countries have complied with their domestic requirements for ratification of the AfCFTA Agreement, while other seven (7) countries are waiting for ratification approval [Trade Law Centre, (Tralac), 2023]. The countries that have complied with their domestic requirements for ratification of the AfCFTA Agreement include Algeria, Angola, Benin, Botswana, Burkina Faso, Burundi, Cameroon, Cape Verde, Central African Republic (CAR), Chad, Comoros, Congo, Cote d'Ivoire, Democratic Rep. of Congo, Djibouti, Egypt, Equatorial Guinea, Eswatini, Ethiopia, Gabon, Gambia, Ghana, Guinea, Guinea-Bissau, Kenya, Lesotho, Liberia, Libya, Madagascar, Malawi, Mali, Mauritania, Mauritius, Morocco, Mozambique, Namibia, Niger, Nigeria, Rwanda, São Tomé & Príncipe, Tunisia, Senegal, Seychelles, Sierra Leone, Somalia, South Africa, South Sudan, Sudan, Tanzania, Togo, Uganda, Zambia, and Zimbabwe. 
The five United Nations (UN) sub-regions of Africa include Northern Africa, Eastern Africa, Middle or Central Africa, Southern Africa, and Western Africa. Regarding Regional Economies (RECs), Africa's current integration landscape contains an array of regional economic communities, including eight (8) recognized as the building blocks of the African Union and AfCFTA. These eight are namely the Arab Maghreb Union (AMU), East African Community (EAC), Economic Community of Central African States (ECCAS), Economic Community of West Africa (ECOWAS), and Southern African Development Commission (SADC), Community of Sahel-Saharan States (CEN-SAD), Common Market for Eastern and Southern Africa (COMESA), and Intergovernmental Authority on Development (IGAD). The issue of overlapping membership among several RECs may affect the efficacy of the analysis. According to Ngepah and Udeagha (2019), multiple regional trade arrangements (RTAs) memberships might lead to duplication and inefficiencies, which may be unnecessary because the objectives of smaller groupings are subsumed into a more prominent grouping, like that of COMESA and ECCAS/SADC as well as that of IGAD and EAC respectively. Multiple RECs memberships may indicate free trade to eliminate barriers and restrictions promoting intra-regional and intra-African trade (Ngepah and Udeagha, 2019). Therefore, we focus on the eight (8) RECs recognized as the building blocks of the African Union and AfCFTA to reduce membership overlapping. However, data availability is one of the key factors that informed the selection of the countries in each REC and the time frame. Table 1b presents regional economic groupings/building blocks of the African Union and AfCFTA.






	Table 1b Regional Economic Groupings/Building Blocks of the African Union and AfCFTA

	REGIONAL ECONOMIC COMMUNITIES (RECs) GROUPING OF AFRICAN COUNTRIES

	AMU (5- Member States)
	EAC (7-Member States)
	ECCAS (11-Member States)
	ECOWAS (15-Member States)
	SADC (16-Member States)

	Algeria*, Mauritania, Libya, Morocco, and Tunisia.
	Burundi, Democratic Republic of Congo, Kenya, Rwanda, Tanzania, South Sudan**, Uganda.
	Angola, Burundi, Cameroon*, Central African Republic, Chad, Congo, Democratic Republic of Congo, Equatorial Guinea**, Gabon*, Rwanda, and Sao Tome and Principe**.
	Benin, Burkina Faso, Cabo Verde*, Côte d'Ivoire, Gambia, Ghana, Guinea*, Guinea-Bissau, Liberia**, Mali, Mauritania, Niger, Nigeria, Senegal, Sierra Leone, Togo
	Angola, Botswana*, Comoros, Congo Dem. Rep, Eswatini, Lesotho* Madagascar, Malawi, Mauritius, Mozambique*, Namibia*, Seychelles**, South Africa*, Tanzania, Zambia, Zimbabwe

	CEN-SAD (24 Member States)
	COMESA (21 Member States)
	IGAD (8 Member States)

	Benin, Burkina Faso, Central African Republic, Chad, Comoros, Côte d’Ivoire, Djibouti**, Egypt, Eritrea***, the Gambia, Ghana, Guinea-Bissau, Libya, Mali, Mauritania, Morocco, Niger, Nigeria, Senegal, Sierra Leone, Somalia**, Sudan, Togo and Tunisia
	Burundi, Comoros, Democratic Republic of Congo, Djibouti**, Egypt, Eritrea***, Eswatini, Ethiopia, Kenya, Libya, Madagascar, Malawi, Mauritius, Rwanda, Seychelles**, Somalia**, Sudan, Swaziland**, Tunisia, Uganda, Zambia and Zimbabwe
	Djibouti**, Eritrea***, Ethiopia, Kenya, Somalia**, South Sudan** Sudan, and Uganda.


Note: 1. AMU means Arab Maghreb Union; EAC means East African Community; ECCAS denotes Economic Community of Central African States; ECOWAS indicates Economic Community of West Africa; while SADC means Southern African Development Commission; CEN-SAD means Community of Sahel-Saharan States; COMESA means Common Market for Eastern and Southern Africa; and IGAD denotes Intergovernmental Authority on Development. 2. Countries denoted with (*) are known for single membership. 3. Countries denoted with (**) are excluded due to data unavailability. The country denoted with (***) has not signed the AfCFTA Agreement and is therefore excluded from the Analysis.
4. Results and Discussion
4.1	Preliminary Analyses of the Variables
To clarify the normality and variability, we discuss the descriptive statistics of the variables we used in the study. Table 2 presents the variables' descriptive statistics and pairwise correlation (using untransformed values). From the results, the mean of climate change indicators proxied by carbon emissions intensity, natural resources depletion, and African rainfall patterns are 3.1%, 7.9%, and 918.8 mm, respectively. This implies that, on average, CO2(g) intensity (kg) accounts for almost 3.1% per kg of oil equivalent energy use in these countries; natural resources depletion (of adjusted savings) accounts for almost 7.9% of gross national income (GNI) in these countries while average precipitation in depth (mm) is 918.8 mm per year in the African region. The country with the highest CO2 intensity (kg per kg of oil equivalent energy use), natural resources depletion (% of GNI), and average precipitation in depth (mm per year) is Lesotho, with a value of 103.158% in 2007, Angola with the value at 93.45% in 1994 and Sierra Leone as the country with the highest rainfall volume in Africa with 2526 mm per year for the period of study. However, Burundi is the most degraded area in Africa in terms of deforestation rate, with the value of net forest depletion (% of GNI) at 41.35% in 2003; in terms of habitat loss, Egypt, the Arab Republic with the highest annual total freshwater withdrawals of 8761% as a share of internal resources in 2022 while Libya is most degraded in terms of carbon emissions with 9.986 metric tons per capita of CO2 emissions in 2013. 
In terms of African countries' improvement toward SDG-2, Algeria boasted the highest agriculture, forestry and fishing value added per worker of US$20,599 in 2022, while Mauritius was the highest producer of Cereal with the value of Cereal yield (kg) per hectare of 10138.54kg in 2022. A look at other series in the model shows that they are consistent since their mean values lie entirely between the minimum and maximum values. In addition, the cross-examination of the correlation matrix in the lower part of Table 2 shows that the variables are as expected. For instance, none of the pairs has a correlation value higher than 65%. Furthermore, examination of the correlation analysis shows that the highest association was between habitat loss (HAL) and cereal yield (CEY), which shows a positive correlation at 61.8%. This implies that habitat loss and cereal yield are positively related. This is followed by the association between natural resources depletion (NRD) and deforestation rate (DER), which shows a positive correlation at 55.7%, indicating a positive relationship between natural resources depletion and deforestation rate in Africa. Overall, the problem of multicollinearity is not expected to manifest in the models of the study.
As part of pre-estimation checks before engaging the econometric analyses, it becomes necessary to do some pre-estimation checks on the data, such as cross-sectional dependence, autocorrelation, stationarity, and cointegration tests. Due to substantial dependence between nations, failure to adjust for cross-sectional dependence (CSD) might result in skewed estimates (Pesaran, 2015). The results of CSD, panel unit root, autocorrelation, and cointegration tests in Table 3 show insufficient evidence to reject the null hypothesis of cross-sectional independence among the countries. The results show the presence of cross-sectional dependence among countries since the null hypothesis of cross-sectional independence is rejected at 1% statistical level of significance. This implies that any shocks to climate change and land degradation in African countries may be easily transmitted to others. Also, the result of the Wooldridge test for autocorrelation in the panel of Africa in Table 3 shows no evidence to reject the null hypothesis of no first-order autocorrelation at a 5% significance level. Thus, we conclude that there is a contemporaneous correlation of errors across panels

16
Table 2 Descriptive Characteristics of the Variables
	VAR.
	CEI
[1]
	NRD
[2]
	AVP
[3]
	AGL
[4]
	DER
[5]
	HAL
[6]
	CAS
[7]
	AVA
[8]
	TFP
[9]
	CEY
[10]
	TRAD
[11]
	POP
[12]
	INFL
[13]
	EXR
[14]

	Obs. 
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518

	Mean
	3.118
	7.879
	918.8
	44.95
	4.189
	182.3
	1.003
	2207.1
	180194
	1448
	63.36
	2.381
	39.59
	521.8

	Std.  Dev.
	12.61
	9.597
	580.8
	20.97
	6.221
	977.8
	1.691
	2569.9
	278757
	1273.8
	30.03
	1.247
	638.2
	1270.6

	Min.
	-1.472
	-0.932
	18.1
	2.655
	-0.298
	0
	0.022
	0
	0
	0.1
	0
	-16.88
	-16.9
	0.0024

	Max.
	103.2
	93.45
	2526
	85.64
	41.35
	8761
	9.986
	20596
	2106775
	10138.5
	175.8
	16.63
	23773
	9686.7

	1
	1.000
	
	
	
	
	
	
	
	
	
	
	
	
	

	2
	-0.0692
	1.000
	
	
	
	
	
	
	
	
	
	
	
	

	3
	-0.0657
	0.2855
	1.000
	
	
	
	
	
	
	
	
	
	
	

	4
	0.2071
	-0.2536
	0.092
	1.000
	
	
	
	
	
	
	
	
	
	

	5
	-0.0509
	0.5569
	0.4003
	0.014
	1.000
	
	
	
	
	
	
	
	
	

	6
	-0.0073
	-0.0193
	-0.2763
	-0.3207
	-0.1172
	1.000
	
	
	
	
	
	
	
	

	7
	0.0542
	0.0694
	-0.2823
	-0.1458
	-0.2887
	0.1536
	1.000
	
	
	
	
	
	
	

	8
	-0.0613
	-0.1755
	-0.2385
	0.0374
	-0.32
	0.1748
	-0.193
	1.000
	
	
	
	
	
	

	9
	-0.0746
	-0.1211
	-0.1894
	0.0903
	-0.1767
	0.4939
	-0.174
	0.1872
	1.000
	
	
	
	
	

	10
	-0.0717
	-0.1171
	0.1253
	-0.0322
	-0.0923
	0.6176
	-0.185
	0.3393
	0.3776
	1.000
	
	
	
	

	11
	0.4609
	0.0754
	-0.0006
	0.0445
	-0.1623
	-0.0801
	0.2068
	0.2085
	-0.1283
	-0.0029
	1.000
	
	
	

	12
	-0.2107
	0.1854
	0.0783
	-0.1125
	0.1365
	-0.0504
	0.0341
	-0.2774
	-0.043
	-0.155
	-0.246
	1.000
	
	

	13
	-0.011
	0.1105
	0.040
	-0.0604
	0.1185
	-0.0083
	-0.023
	-0.0358
	-0.0041
	-0.0273
	-0.049
	0.0611
	1.000
	

	14
	-0.0813
	0.021
	0.1754
	0.0901
	0.1105
	-0.0719
	-0.147
	-0.1994
	-0.0159
	-0.035
	-0.038
	0.0627
	-0.019
	1.000


Note: CEI, NRD, AVP, AGL, DER, HAL, CAS, AVA, TFP, CEY, TRAD, POP, INFL and EXR represent Climate change Indicators proxied by Carbon Emissions Intensity, Natural Resources Depletion proxied by Adjusted savings: natural resources depletion (% of GNI), Rainfall Patterns proxied by Average precipitation in depth (mm per year), Change in Land Cover measured by Agricultural land (% of land area), Deforestation rate proxied by Adjusted savings: net forest depletion (% of GNI), Habitat Loss proxied by Annual freshwater withdrawals, total (% of internal resources), Carbon Stock proxied by CO2 emissions (metric tons per capita); Sustainable Development Goal 2 (SDG-2) Indicators proxied by Agriculture, forestry, and fishing, value added per worker, Total fisheries production (metric tons), Cereal yield (kg per hectare), Trade (% of GDP), Annual Population growth (%), Inflation (annual %) and Official exchange rate (LCU per US$, period average), respectively. 


Furthermore, for cointegration among variables, evidence from Westerlund's (2007) cointegration test shows that the variables are cointegrated across some panels, thus rejecting the null hypothesis of no cointegration at the 5% level. Also, for the panel unit root tests, Pesaran's Cross-sectional dependence ADF (PESCADF) test results show that the variables became stationary after the first differencing process at the 1% and 5% significance level, respectively. However, the Pesaran Panel Unit Root Test results with cross-sectional and first difference mean (CIPS) indicate that rainfall patterns proxied by average precipitation in depth (mm per year) are stationary at level. In summary, the evidence of panel cointegration and serial correlation requires an appropriate econometric technique to deal with it, and this necessitates the adoption of the Prais-Winsten regression model with panel-corrected standard errors (PCSE), which assumes that disturbances are heteroscedastic and contemporaneously serially correlated (Adeleye et al., 2021; Adeleye et al., 2022).
Table 3 CSD, Panel Unit Root, Autocorrelation and Cointegration Tests
	Variable
	CD-test
	CIPS
(Level)
	 CIPS
(First Dif.)
	 PESCADF
(Level)
	 PESCADF
(First Dif.)

	SDG2I
	120.665***
[0.000]
	-2.036
	-5.621***
	-2.523
[0.099]
	-4.726***
[0.000]

	CEI
	8.978***
[0.000]
	-0.224
	-3.144***
	-1.250
[0.407]
	-4.229**
[0.018]

	NRD
	21.573***
[0.000]
	-2.185
	-5.579***
	-2.070
[0.315]
	-4.588***
[0.000]

	AVP
	-0.179
[0.858]
	2.610***
	
	-2.610
[0.397]
	-5.610**
[0.016]

	CCI
	17.617***
[0.000]
	-1.268
	-5.556***
	-1.907
[0.162]
	-4.426***
[0.000]

	AGL
	45.916***
[0.000]
	-1.628
	-4.556***
	-2.493
[0.369]
	-5.213***
[0.000]

	DER
	30.482***
[0.000]
	-1.232
	-3.708***
	-1.059
[0.882]
	-2.802***
[0.000]

	HAL
	67.336***
[0.000]
	-1.956
	-2.535***
	-1.906
[0.164]
	-4.941**
[0.041]

	CAS
	49.447***
[0.000]
	-1.733
	-5.242***
	-1.785
[0.457]
	-4.054***
[0.000]

	LDI
	6.717***
[0.000]
	 -1.904
	 -5.250***
	 -1.896
[0.182]
	 -3.927***
[0.000]

	TRAD
	25.911***
[0.000]
	-1.895
	-5.176***
	-1.661
[0.783]
	-4.031***
[0.000]

	Autocorrelation
(Wooldridge) Test
	F(  1,45) =16.599***,    Prob. = 0.0002

	Westerlund
Statistic
	Variance Ratio = -2.2695**  Prob. = [0.0116]


Note: P-values in parentheses. *** p<0.01, ** p<0.05, * p<0.1

4.2 	Data analysis and interpretation of Results
Since we have established cross-sectional dependence, serial correlation in the data as well as cointegration among the variables, the Prais-Winsten regression model with panel-corrected standard errors (PCSE), which also controls for heteroscedasticity and serial correlation is used to estimate equations [2] and [4]. We deploy the feasible generalized least squares (FGLS) techniques for robustness checks and to observe the consistency of the results.
4.2.1 	Effect of Climate Change on Land Degradation in Africa
To examine the effect of climate change on land degradation, which is the study's first objective, we estimated 10 models. Model 1 was estimated with the land degradation index as the dependent variable and the climate change index and population growth as regressors. In contrast, Model 2 estimates the land degradation index as the dependent variable, climate change indicators, and population growth as regressors. However, from Model 3 to 10, other land degradation indicators were used as dependent variables. The result of the Prais-Winsten regression model with panel-corrected standard errors (PCSE), the baseline model, was reported in Table 4. The results show that the climate change index (CCI) positively affects the land degradation index, deforestation rate, habitat loss, and carbon stock in the panel of Africa. However, the climate change index (CCI) negatively affects the change in land cover measured by agricultural land area in Africa. More specifically, an increase in climate change proxied by Carbon Emissions Intensity (CEI) and rainfall patterns proxied by Average Precipitation in depth (AVP) increases the rate of land degradation significantly, while climate change proxied by natural resources depletion exerts no significant adverse effect on land degradation in Africa. 

The results imply that changes in the climate pattern not only exacerbate the rate of land degradation by increasing the rates of net forest depletion, annual freshwater withdrawals, and carbon stock emissions but also worsen the changes in land cover by reducing agricultural land area. These findings align with the conclusion of some extant studies (Edafe et al., 2023; Blum and Nortcliff, 2013; Brevik, 2013a and 2013b) that climate change threatens food security by affecting soil property through degradation. It also supported the view of Egbetokun et al. (2020), who posited that climate change denigrates agro-economic and environmental systems in Africa through reductions in crop and livestock productivity with food production. In line with Bestelmeyer et al. (2015), climate change accelerates land degradation through various means, including accelerated soil erosion, increased evapotranspiration rates, drought, and changes in biodiversity, pests, and diseases. These findings are consistent with the results of our robustness analysis from the Feasible Generalised Least Square (FGLS) in Table 5 (See Appendix), except that climate change proxied by natural resources depletion exerts a significant positive effect on land degradation in Africa, meaning that an increase in natural resources depletion worsens land degradation in Africa. 
Moreover, the findings from the Regional Economic Communities (RECs) analyses in Table 6 show that the climate change index (CCI) has positive effect on land degradation the panel of Arab Maghreb Union (AMU), Community of Sahel-Saharan States (CEN-SAD), Common Market for Eastern and Southern Africa (COMESA), East African Community (EAC), Economic Community of Central African States (ECCAS), and Economic Community of West Africa (ECOWAS). However, the climate change index (CCI) negatively affects land degradation in the panel of the Intergovernmental Authority on Development (IGAD) and the Southern African Development Commission (SADC). The findings show that changes in the climate pattern are favourable in the panels of IGAD and SADC countries. Also, the findings show that population growth exacerbates land degradation across regional AfCFTA economic panels. As a result of population growth, which causes unsustainable resource and mineral extraction, agricultural expansion is created, all of which significantly negatively affect land degradation (Ivits and Cherlet, 2013). Land degradation usually increases the number of individuals exposed to hazardous air, water, and land pollution significantly in developing countries (Sahoo and Wani, 2020). The findings are consistent with the results of our robustness analysis from the Feasible Generalised Least Squares (FGLS) in Table 7 (See Appendix).  
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Table 4 Results of Correlated Panels Corrected Standard Errors (PCSEs) for the Panel of Africa
	DEP.
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)

	VAR.
	LDI
	LDI
	AGL
	AGL
	DER
	DER
	HAL
	HAL
	CAS
	CAS

	CCI
	0.258***
	
	-4.322***
	
	1.124***
	
	5.257
	
	0.307***
	

	
	(11.83)
	
	(-15.52)
	
	(9.251)
	
	(0.899)
	
	(11.46)
	

	CEI
	
	0.00891***
	
	0.320***
	
	0.00269
	
	-2.453***
	
	-0.00191

	
	
	(9.432)
	
	(19.93)
	
	(0.867)
	
	(-14.27)
	
	(-1.205)

	NRD
	
	-0.0343***
	
	-0.630***
	
	0.309***
	
	7.286***
	
	0.0379***

	
	
	(-10.14)
	
	(-16.33)
	
	(13.42)
	
	(7.593)
	
	(9.836)

	AVP
	
	0.0973***
	
	0.0684***
	
	0.0281***
	
	-0.497***
	
	-0.0936***

	
	
	(51.95)
	
	(30.53)
	
	(17.56)
	
	(-43.32)
	
	(-33.83)

	POP
	0.0803*
	0.0701*
	-1.177**
	-0.560
	0.495***
	0.143
	-40.35***
	-36.98***
	-0.427***
	-0.400***

	
	(1.862)
	(1.756)
	(-2.315)
	(-1.144)
	(3.235)
	(1.561)
	(-5.660)
	(-5.181)
	(-5.988)
	(-5.747)

	Const.
	-0.191*
	-0.819***
	47.76***
	43.96***
	3.010***
	-1.177***
	278.4***
	677.1***
	2.019***
	2.523***

	
	(-1.858)
	(-9.190)
	(39.61)
	(39.91)
	(8.489)
	(-5.802)
	(15.62)
	(32.72)
	(11.71)
	(16.00)

	
	
	
	
	
	
	
	
	
	
	

	Obs.
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518

	No_ id
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46

	R2
	0.713
	0.573
	0.862
	0.634
	0.575
	0.374
	0.603
	0.683
	0.734
	0.687

	chi2
	162.0
	625.1
	291.2
	210.4
	122.1
	964.5
	34.07
	279.9
	133.5
	137.7


z-statistics in parentheses. *** p<0.01, ** p<0.05, * p<0.1
Note: CEI, NRD, AVP, AGL, DER, HAL, CAS, and POP represents Climate change Indicator proxied by Carbon Emissions Intensity, Natural Resources Depletion proxied by Adjusted savings: natural resources depletion (% of GNI), Rainfall Patterns proxied by Average precipitation in depth (mm per year), Change in Land Cover measured by Agricultural land (% of land area), Deforestation rate proxied by Adjusted savings: net forest depletion (% of GNI), Habitat Loss proxied by Annual freshwater withdrawals, total (% of internal resources), Carbon Stock proxied by CO2 emissions (metric tons per capita), and Annual Population growth (%) respectively. LDI and CCI represent the Land Degradation Index and Climate Change Index generated via Principal Component Analysis (PCA), respectively.





Table 6 Results of Correlated Panels Corrected Standard Errors (PCSEs) for RECs
	DEP.
	AMU
	CEN-SAD
	COMESA
	EAC
	ECCAS
	ECOWAS
	IGAD
	SADC

	VAR.
	LDI
	LDI
	LDI
	LDI
	LDI
	LDI
	LDI
	LDI

	CCI
	0.750***
	-0.531***
	0.505***
	0.449***
	0.233***
	0.722***
	-0.510***
	-0.101***

	
	(8.802)
	(-8.759)
	(5.295)
	(8.388)
	(11.00)
	(12.62)
	(-6.634)
	(-9.009)

	POP
	0.456***
	0.229***
	0.105**
	0.0377
	-0.0193
	0.202***
	0.530***
	-0.168***

	
	(2.966)
	(3.854)
	(2.120)
	(-0.861)
	(-0.348)
	(3.456)
	(3.802)
	(-5.748)

	Const.
	-0.763***
	-0.800***
	-0.0505
	1.187***
	0.211
	0.120
	-0.841**
	0.427***

	
	(-2.964)
	(-5.379)
	(-0.440)
	(9.609)
	(1.380)
	(0.827)
	(-2.148)
	(6.507)

	
	
	
	
	
	
	
	
	

	Obs.
	165
	693
	561
	198
	297
	495
	132
	495

	R2
	0.251
	0.090
	0.047
	0.059
	0.097
	0.160
	0.315
	0.093

	No_ id 
	5
	21
	17
	6
	9
	15
	4
	15

	chi2
	84.29
	87.15
	28.30
	70.39
	127.9
	170.5
	87.20
	223.4

	chi2p
	.
	.
	
	
	
	
	
	


z-statistics in parentheses. *** p<0.01, ** p<0.05, * p<0.1
4.2.2 	Effect of Climate Change and Land Degradation on Sustainable Development Goal-2
We also estimated 10 models through the Prais-Winsten regression model with panel-corrected standard errors (PCSE) and the feasible generalized least squares (FGLS) techniques to achieve the study's second objective. Models 1 and 2 were estimated with the SDG-2 index as the dependent variable and climate change index, land degradation index, population growth, inflation rate, and official exchange rate as regressors. We also modelled different available indicators of climate change and land degradation to explain their individual effects. Models 3 to 10 were estimated with variant SDG-2 indicators identified in the literature as the dependent variable. The results are shown in Table 8, with robustness and consistency analysis in Table 9 (See Appendix). The findings show that the climate change and land degradation indexes significantly negatively affect Sustainable Development Goal 2 regarding "Zero hunger." On specific indicators of SDG-2, findings reveal that the climate change index and land degradation index diminish Agriculture, forestry, and fishing, value added per worker (LAVA), and crop production index (CPI). However, climate change improves total fisheries production (TFP) in Africa.
Further findings in column 1 show that climate change proxied by carbon emission intensity (CEI) and natural resources depletion are clogs in the progress toward achieving SDG-2, while rainfall patterns in Africa affect SDG-2 positively. They also reduce Agriculture, forestry, fishing, value added per worker (LAVA), and Aquaculture Production (lAQP). However, climate change proxied by rainfall pattern, Average precipitation in depth (AVP) increases the prospects of achieving SDG-2 in Africa by increasing Agriculture, forestry, and fishing, value added per worker (LAVA), total fisheries production, aquaculture production, and crop production index. Also, findings on specific land degradation indicators reveal that increased agricultural land, habitat loss (Annual freshwater withdrawals) and carbon stock affect SDG-2 positively. However, the deforestation rate proxied by net forest depletion reduces the chances of achieving SDG-2 in Africa.    
Regarding AfCFTA regional economies, the results presented in Tables 10 and 11 show that changes in climate patterns significantly affect the prospects of achieving SDG-2 across the 8 regional economies. This finding is in line with extant studies (Giuliani et al., 2020; Asongu and Odhiambo (2018) that increased environmental risks caused by climate change led to more frequent and severe natural disasters, such as hurricanes, droughts, and wildfires. These events can result in substantial economic losses, infrastructure damage, and community disruptions, reducing agricultural values and productivity per the UN SDG framework. Also, the results show that land degradation affects sustainable development negatively in all panels except ECOWAS, where the effect is insignificant and perhaps shows no severe consequences if well managed. This finding implies that the effect of land degradation on sustainable development is not substantial. Addressing the negative impact of land degradation requires sustainable land use management strategies. Giuliani et al. (2020), Ghebrezgabher et al. (2019), and Cowie et al. (2018) conclude that unsustainable land use management strategies are the main drivers of land degradation caused by high-consumption lifestyles of developed countries, especially African countries.

Table 8 Results of Correlated Panels Corrected Standard Errors (PCSEs) for the Panel of Africa
	DEP.
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)

	VAR.
	SDG2I
	SDG2I
	LAVA
	LAVA
	LTFP
	LTFP
	LAQP
	LAQP
	LCPI
	LCPI

	CCI
	
	-0.139**
	
	-0.0948***
	
	0.0482***
	
	-0.131***
	
	-0.0172***

	
	
	(-9.034)
	
	(-5.021)
	
	(7.373)
	
	(-9.110)
	
	(-4.582)

	LDI
	
	-0.147**
	
	-0.0507***
	
	-0.174***
	
	-0.135***
	
	-0.0847***

	
	
	(-11.38)
	
	(-11.65)
	
	(-23.96)
	
	(-9.336)
	
	(5.021)

	CEI
	-0.0270***
	
	-0.00907***
	
	-0.0242***
	
	-0.0102***
	
	0.00113***
	

	
	(-17.88)
	
	(-20.25)
	
	(-11.15)
	
	(-5.566)
	
	(3.994)
	

	NRD
	-0.0102***
	
	-0.0127***
	
	0.0108***
	
	-0.00101
	
	-0.00287***
	

	
	(-3.137)
	
	(-3.153)
	
	(9.958)
	
	(-0.354)
	
	(-3.759)
	

	AVP
	0.0279***
	
	0.2805**
	
	0.8405***
	
	0.0219***
	
	0.6605***
	

	
	(9.665)
	
	(1.975)
	
	(4.164)
	
	(7.708)
	
	(5.818)
	

	AGL
	0.0195***
	
	0.00422***
	
	-0.0803**
	
	0.0163***
	
	0.00173***
	

	
	(26.68)
	
	(12.55)
	
	(-2.076)
	
	(27.39)
	
	(8.431)
	

	DER
	-0.0112*
	
	-0.00864*
	
	-0.0148***
	
	-0.0397***
	
	-0.00235*
	

	
	(-1.883)
	
	(-1.784)
	
	(-8.419)
	
	(-7.422)
	
	(-1.698)
	

	HAL
	0.0712***
	
	0.5205***
	
	0.0199***
	
	0.0611***
	
	0.0205***
	

	
	(41.03)
	
	(11.38)
	
	(54.72)
	
	(39.05)
	
	(6.632)
	

	CAS
	0.103***
	
	0.0611***
	
	0.0485***
	
	0.0341**
	
	0.0211***
	

	
	(7.506)
	
	(7.435)
	
	(6.504)
	
	(2.051)
	
	(6.266)
	

	POP
	0.153***
	0.123***
	-0.0386**
	-0.0581***
	0.110***
	0.142***
	0.0630***
	0.0246
	-0.00263
	-0.0182***

	
	(4.724)
	(4.636)
	(-2.459)
	(-4.452)
	(4.894)
	(6.291)
	(2.880)
	(1.211)
	(-0.738)
	(-3.241)

	INFL
	0.03105
	-1.2505
	-0.05005**
	-0.9505***
	0.9505
	0.05605
	0.6405
	0.6306
	-0.6106
	-0.06006

	
	(0.624)
	(-0.536)
	(-2.193)
	(-2.819)
	(1.180)
	(0.874)
	(0.860)
	(0.233)
	(-0.567)
	(-1.464)

	EXR
	0.0152***
	0.178***
	-0.6005***
	-0.6505***
	0.0605***
	0.0405***
	0.185***
	0.191***
	0.4805***
	0.2605***

	
	(9.808)
	(10.12)
	(-7.623)
	(-7.674)
	(9.096)
	(9.230)
	(11.81)
	(12.07)
	(6.571)
	(6.228)

	Const.
	-1.598***
	-0.385**
	3.064***
	3.255***
	4.287***
	4.250***
	1.344***
	2.306***
	1.756***
	1.911***

	
	(-13.37)
	(-4.779)
	(48.19)
	(79.65)
	(60.04)
	(70.40)
	(12.65)
	(31.45)
	(54.32)
	(116.8)

	Obs.
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518

	R2
	0.763
	0.648
	0.826
	0.711
	0.858
	0.686
	0.819
	0.748
	0.772
	0.676

	id
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46


z-statistics in parentheses. *** p<0.01, ** p<0.05, * p<0.
Table 10 Results of Correlated Panels Corrected Standard Errors (PCSEs) for RECs
	DEP.
	AMU
	CEN-SAD
	COMESA
	EAC
	ECCAS
	ECOWAS
	IGAD
	SADC

	VAR
	SDG2I
	SDG2I
	SDG2I
	SDG2I
	SDG2I
	SDG2I
	SDG2I
	SDG2I

	CCI
	-1.092***
	-0.217***
	-0.258***
	-0.458***
	-0.135***
	-0.316**
	-0.519***
	-0.184***

	
	(-7.540)
	(-4.518)
	(-6.251)
	(-6.242)
	(-6.726)
	(-2.494)
	(-4.530)
	(-5.600)

	LDI
	-0.405***
	-0.235***
	-0.387***
	-0.412***
	-0.0523***
	0.564
	-0.123
	-0.527***

	
	(-8.299)
	(-18.92)
	(-23.51)
	(-15.17)
	(-3.389)
	(1.47)
	(-0.863)
	(-18.52)

	POP
	0.288*
	0.0206
	0.184***
	0.0156
	0.0271
	0.404***
	-0.355***
	0.385***

	
	(1.755)
	(0.382)
	(4.799)
	(0.725)
	(1.476)
	(4.674)
	(-2.970)
	(8.130)

	INFL
	0.000133
	0.00378**
	-0.3005
	9.77e-07
	0.7905
	-0.000769
	-0.0455***
	-0.3105**

	
	(0.00721)
	(2.132)
	(-1.312)
	(0.0386)
	(0.853)
	(-0.109)
	(-3.068)
	(-2.105)

	EXR
	0.0120***
	-0.00166***
	0.0177***
	0.0742***
	0.0611***
	0.0114***
	0.0710***
	0.0213***

	
	(3.941)
	(-8.758)
	(6.652)
	(17.24)
	(5.021)
	(5.846)
	(7.835)
	(6.377)

	Cons.
	0.0631
	0.389***
	-0.178*
	0.485***
	-0.597***
	-1.329***
	1.581***
	-1.173***

	
	(0.269)
	(3.823)
	(-1.811)
	(7.061)
	(-4.838)
	(-6.419)
	(4.365)
	(-9.282)

	Obs.
	165
	693
	561
	198
	297
	495
	132
	495

	R2
	0.646
	0.749
	0.628
	0.732
	0.721
	0.820
	0.644
	0.771

	No_ id
	5
	21
	17
	6
	9
	15
	4
	15


z-statistics in parentheses. *** p<0.01, ** p<0.05, * p<0.1
4.2.3 	Effect of Climate Change and Land Degradation on Trade in Africa 
To achieve the third objective of the study, we estimated four (4) models with trade openness as the dependent variable and climate change and land degradation indicators, as well as other essential control variables identified in the trade literature such as population growth, inflation rate, and exchange rate. The result of the Prais-Winsten regression model with panel-corrected standard errors (PCSE), the baseline model, was reported in Table 12. The results show that the climate change index (CCI) positively impacts African trade across the four models. This means that climate changes have favourable impacts on trade volume in Africa. This finding implies that climate change is not an obstacle to trade progress. The positive effects of climate change on trade are often less emphasized than the negative impacts but possess several practical and economic implications, especially for the African Continental Free Trade Area (AfCFTA). As climate change affects ecosystems, new opportunities for trade in products like seafood and timber arise as certain species and resources become more abundant in different regions (Ngepah and Udeagha, 2019; Osabuohien, 2014). 
In order to take advantage of these new trade opportunities, African countries may invest in infrastructure development, such as ports and transportation networks, which can stimulate economic growth. It also implies that some African regions previously unsuitable for agriculture due to harsh climates may become more arable. This could increase agricultural production and exports of products like grains and fruits, thereby improving African trade potential. This aligns with the framework for the African Continental Free Trade Area (AfCFTA) and aligns with climate change mitigation and sustainable development goals. The AfCFTA aims to promote intra-African trade. The positive effects of climate change that make certain African regions more suitable for agriculture or resource extraction could create new trade opportunities among African countries. 
In addition, the results show that the land degradation index (LDI) significantly negatively impacts trade in Africa across the four models. This shows that land degradation is a significant obstacle to trade expansion in the continent. This finding aligns with the conclusion of extant studies (Giuliani et al., 2020; Ngepah and Udeagha, 2019; Asongu and Odhiambo, 2018), land degradation, including soil erosion and nutrient depletion, can lead to reduced agricultural productivity and yields. This can result in lower food production and increased import reliance, affecting food security for AfCFTA member states. Practically, farmers would incur higher costs for fertilizers, irrigation, and soil restoration to combat land degradation, which could lead to higher prices for agricultural products within the AfCFTA. It also leads to trade imbalances as some countries may experience more severe land degradation than others and rely more on imports from other countries due to reduced domestic production. Another implication of this finding is that it potentially undermines the livelihoods of small-scale farmers, reducing their income and leading to urban migration, which can strain urban resources and services (Asongu and Odhiambo, 2018). Consequently, AfCFTA may have to focus on promoting sustainable agricultural practices by encouraging member states to adopt environmentally friendly farming techniques to mitigate the adverse effect of land degradation on trade in the continent. 
The findings from regional economic analyses show varying impacts of climate change and land degradation across regions. For instance, climate change has a significant positive effect and increases trade in the AMU, CEN-SAD, EAC, ECCAS, IGAD, and SADC panels. However, climate change reduces trade in COMESA and ECOWAS nations. Land degradation also has varying effects on trade in different regions. It is, therefore, imperative to note that the positive/negative effects of climate change and land degradation on trade are often region-specific and come with environmental concerns, such as the environmental impact of increased resource extraction or the potential displacement of indigenous communities. The results of the REC analyses are presented in Table 13, with the robustness analysis of feasible generalized least squares (FGLS) in Table 14 (See Appendix).    

   



Table 12 Correlated Panels Corrected Standard Errors and Feasible Generalised Least Square for the Panel of Africa
	
	Panels Corrected Standard Errors (PCSEs)
	Feasible Generalised Least Square (FGLS)

	DEP.
	(1)
	(2)
	(3)
	(4)
	(1)
	(2)
	(3)
	(4)

	VAR.
	TRADE
	TRADE
	TRADE
	TRADE
	TRADE
	TRADE
	TRADE
	TRADE

	CCI
	
	4.616***
	
	3.292***
	
	4.516***
	
	3.280***

	
	
	(5.276)
	
	(4.308)
	
	(40.08)
	
	(37.25)

	LDI
	
	
	-3.606***
	-1.902***
	
	
	-3.610***
	-1.908***

	
	
	
	(-14.96)
	(-6.437)
	
	
	(-62.71)
	(-57.62)

	CEI
	1.046***
	
	1.065***
	
	1.045***
	
	1.066***
	

	
	(16.84)
	
	(16.39)
	
	(187.4)
	
	(225.2)
	

	NRD
	0.811***
	
	0.326***
	
	0.804***
	
	0.325***
	

	
	(5.503)
	
	(3.154)
	
	(64.65)
	
	(43.51)
	

	AVP
	0.00353***
	
	0.00352***
	
	0.00357***
	
	0.00353***
	

	
	(4.694)
	
	(3.997)
	
	(14.21)
	
	(18.32)
	

	AGL
	-0.0434**
	0.0792***
	
	
	-0.0453***
	0.0782***
	
	

	
	(-2.006)
	(3.399)
	
	
	(-8.418)
	(26.08)
	
	

	DER
	-1.353***
	-0.824***
	
	
	-1.352***
	-0.815***
	
	

	
	(-9.383)
	(-9.849)
	
	
	(-57.33)
	(-42.25)
	
	

	HAL
	-0.00349***
	-0.00326***
	
	
	-0.00350***
	-0.00326***
	
	

	
	(-13.80)
	(-11.25)
	
	
	(-98.81)
	(-72.05)
	
	

	CAS
	1.352***
	1.377***
	
	
	1.363***
	1.408***
	
	

	
	(3.832)
	(3.300)
	
	
	(29.70)
	(15.69)
	
	

	POP
	-3.751***
	-5.531***
	-4.050***
	-6.304***
	-3.680***
	-5.471***
	-3.981***
	-6.239***

	
	(-4.481)
	(-4.899)
	(-5.023)
	(-5.682)
	(-52.62)
	(-75.61)
	(-63.04)
	(-91.36)

	INFL
	-0.00157*
	-0.00129
	-0.0240***
	-0.00220**
	-0.00153***
	-0.00134***
	-0.00235***
	-0.00216***

	
	(-1.816)
	(-1.323)
	(-2.611)
	(-2.366)
	(-8.065)
	(-8.347)
	(-14.65)
	(-12.46)

	EXR
	0.000612*
	-6.55e-05
	0.000362
	-0.000199
	0.0618***
	-0.6505
	0.350***
	-0.000186***

	
	(1.834)
	(-0.165)
	(0.982)
	(-0.477)
	(7.519)
	(-0.846)
	(6.851)
	(-2.991)

	Const.
	66.03***
	75.71***
	63.78***
	78.56***
	65.90***
	75.50***
	63.59***
	78.38***

	
	(24.69)
	(20.50)
	(33.41)
	(28.73)
	(224.5)
	(291.8)
	(236.5)
	(426.4)

	Obs.
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518

	No_ id
	46
	46
	46
	46
	46
	46
	46
	46


z-statistics in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Table 13 Results of Correlated Panels Corrected Standard Errors (PCSEs) for RECs
	DEP.
	AMU
	CEN-SAD
	COMESA
	EAC
	ECCAS
	ECOWAS
	IGAD
	SADC

	VAR
	Trade
	Trade
	Trade
	Trade
	Trade
	Trade
	Trade
	Trade

	cci
	8.074***
	6.446***
	-4.494***
	3.268**
	7.965***
	-0.987
	0.653
	7.639***

	
	(5.779)
	(6.797)
	(-3.141)
	(2.232)
	(8.594)
	(-0.544)
	(0.346)
	(6.129)

	ldi
	5.769***
	0.645**
	-2.153***
	-5.743***
	-7.077***
	-4.736***
	-1.805
	-4.216***

	
	(8.872)
	(2.018)
	(-5.709)
	(-11.05)
	(-16.62)
	(-6.667)
	(-0.631)
	(-3.986)

	pop
	-3.980**
	-2.214***
	-4.655***
	-0.182
	-0.288
	-7.055***
	10.33***
	-17.45***

	
	(-2.020)
	(-3.047)
	(-4.831)
	(-0.490)
	(-0.663)
	(-4.756)
	(3.385)
	(-7.855)

	infl
	-0.201
	-0.266***
	-0.000337
	-0.000761
	-0.195***
	-0.0213
	-0.141***
	-0.000173

	
	(-0.974)
	(-5.342)
	(-0.397)
	(-0.940)
	(-2.612)
	(-0.289)
	(-4.929)
	(-0.148)

	exr
	-0.215***
	-0.0130***
	-0.0663
	0.0256
	0.0184***
	0.0342***
	-0.00417**
	-0.0323***

	
	(-6.460)
	(-5.083)
	(-1.477)
	(0.233)
	(4.826)
	(7.497)
	(-1.992)
	(-4.140)

	Cons.
	85.26***
	68.34***
	69.48***
	49.69***
	39.54***
	75.68***
	13.61
	119.7***

	
	(24.75)
	(32.45)
	(28.50)
	(26.12)
	(15.54)
	(20.07)
	(1.610)
	(22.04)

	
	
	
	
	
	
	
	
	

	Obs.
	165
	693
	561
	198
	297
	495
	132
	495

	R2
	0.640
	0.717
	0.713
	0.658
	0.745
	0.683
	0.774
	0.741

	No_ id
	5
	21
	17
	6
	9
	15
	4
	15

	chi2
	272.5
	117.4
	59.05
	140.4
	582.3
	178.5
	93.32
	67.77

	chi2p
	
	
	
	
	
	
	
	


z-statistics in parentheses. *** p<0.01, ** p<0.05, * p<0.1
5. Conclusion and Future Research  
The study indicates a positive correlation between climate change and African land degradation. Specifically, an uptick in climate change markers, such as carbon emissions intensity and rainfall pattern, increases land degradation rates. However, the proxy for climate change, natural resource depletion, does not significantly affect land degradation. Climate change intensified specific adverse effects like net forest depletion, freshwater withdrawals, and carbon stock emissions while decreasing agricultural land area. Also, both climate change and land degradation have substantial negative impacts on the pursuit of achieving SDG-2, especially in areas like agriculture, forestry, and fishing. Some specific indicators of climate change, such as rainfall patterns, had a positive impact on SDG-2, while others, like carbon emission intensity and resource depletion, hindered progress. As for land degradation, indicators like agricultural land and habitat loss positively affected SDG-2, while deforestation negatively affected it.
Contrary to a priori expectations, climate change positively affected trade within Africa. This suggests that certain indirect benefits arise from changing climate patterns, opening new avenues for trade. However, land degradation significantly impacted trade, underlining the importance of addressing this issue for the continent's economic growth. Notably, the effects of climate change and land degradation on trade varied across African regional economies. This emphasizes that solutions and strategies must be tailored to regional specificities.
Delving deeper into the mechanisms by which climate change positively influences trade in Africa can yield crucial insights for policymakers. Additionally, the inconsistency in the significance of natural resource depletion's impact on land degradation across various models underscores the need for more detailed research to clarify this relationship. Furthermore, given the distinct impacts of climate change and land degradation in different African regions, concentrated studies on each region are imperative, ensuring that strategies and policies are fine-tuned to their unique challenges and needs. It's also essential to broaden our perspective by exploring the long-term ramifications of climate change and land degradation on the broader African economies, offering a comprehensive view of the continent's potential future trajectory. Evaluating the efficacy of current policy measures addressing these issues is equally vital, paving the way for refining or introducing more effective strategies. Lastly, understanding the socio-economic consequences, particularly on small-scale farmers affected by land degradation and climate change, is essential to grasp the on-the-ground challenges and craft localized solutions.
Based on the study's findings, the following recommendations are proposed: embracing sustainable agricultural practices becomes paramount for African nations, especially considering the adverse effects of climate change and land degradation on agriculture. Such practices, including crop rotation, conservation tillage, and organic farming, mitigate soil erosion, enhance soil health, and boost agricultural productivity. Simultaneously, deforestation is a significant contributor to land degradation, and there is an urgent call for robust afforestation and reforestation campaigns. These efforts address degradation and aid in carbon sequestration, serving a dual purpose. Given the varying regional impacts of these environmental challenges, it is essential for strategies to be region-specific, with regional bodies taking the lead in spearheading initiatives for maximum effectiveness. 
Furthermore, investments in infrastructure, particularly in transportation and ports, can unlock trade opportunities that emerge owing to climate change, facilitating the movement of goods from newly viable agricultural or resource-rich areas. A strong emphasis on Research and Development in sustainable agriculture and climate change mitigation can lead to innovative solutions, and with evident cross-sectional dependence among countries, heightened regional cooperation becomes essential. Such collective efforts can foster the sharing of knowledge and resources. Raising awareness and educating communities about these challenges ensures they are better positioned to adopt environment-friendly practices. Lastly, while the challenges of climate change are evident, they bring forth trade opportunities for Africa, especially in regions that become more conducive for agriculture or resource extraction, and these opportunities should be identified and maximized to ensure widespread trade benefits.
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Appendix

Table 5 Results of Feasible Generalised Least Square (FGLS) for the Panel of African Countries
	DEP.
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)

	VAR.
	LDI
	LDI
	AGL
	AGL
	DER
	DER
	HAL
	HAL
	CAS
	CAS

	CCI
	0.257***
	
	-4.320***
	
	1.123***
	
	5.232***
	
	0.305***
	

	
	(411.7)
	
	(-797.5)
	
	(387.6)
	
	(162.5)
	
	(259.2)
	

	CEI
	
	0.0888***
	
	0.320***
	
	0.00274***
	
	-2.431***
	
	-0.0187***

	
	
	(62.47)
	
	(390.9)
	
	(2.795)
	
	(-185.6)
	
	(-56.68)

	NRD
	
	0.0342***
	
	-0.629***
	
	0.309***
	
	7.224***
	
	0.0377***

	
	
	(389.7)
	
	(-756.0)
	
	(1,102)
	
	(289.0)
	
	(250.0)

	AVP
	
	0.0974***
	
	0.0684***
	
	0.0281***
	
	-0.495***
	
	-0.0937***

	
	
	(1,629)
	
	(1,846)
	
	(1,793)
	
	(-490.7)
	
	(-508.2)

	POP
	0.0803***
	0.0700***
	-1.177***
	-0.557***
	0.494***
	0.143***
	-40.33***
	-36.76***
	-0.425***
	-0.399***

	
	(354.0)
	(256.2)
	(-382.1)
	(-181.6)
	(259.8)
	(245.2)
	(-1,731)
	(-365.5)
	(-368.7)
	(-393.0)

	Const.
	-0.191***
	-0.819***
	47.76***
	43.96***
	3.007***
	-1.178***
	278.2***
	674.0***
	2.015***
	2.522***

	
	(-167.3)
	(-848.0)
	(4,280)
	(6,758)
	(537.8)
	(-148.9)
	(1,735)
	(482.8)
	(722.8)
	(756.9)

	
	
	
	
	
	
	
	
	
	
	

	Obs.
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518

	No_ id
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46


z-statistics in parentheses. *** p<0.01, ** p<0.05, * p<0.1
Note: CEI, NRD, AVP, AGL, DER, HAL, CAS, and POP represents Climate change Indicator proxied by Carbon Emissions Intensity, Natural Resources Depletion proxied by Adjusted savings: natural resources depletion (% of GNI), Rainfall Patterns proxied by Average precipitation in depth (mm per year), Change in Land Cover measured by Agricultural land (% of land area), Deforestation rate proxied by Adjusted savings: net forest depletion (% of GNI), Habitat Loss proxied by Annual freshwater withdrawals, total (% of internal resources), Cabon Stock proxied by CO2 emissions (metric tons per capita), , and Annual Population growth (%) respectively. LDI and CCI represents Land degradation Index and Climate Change Index generated via Principal Component Analysis (PCA) respectively.

Table 7 Results of Feasible Generalised Least Square (FGLS) for RECs
	DEP.
	AMU
	CEN-SAD
	COMESA
	EAC
	ECCAS
	ECOWAS
	IGAD
	SADC

	VAR.
	LDI
	LDI
	LDI
	LDI
	LDI
	LDI
	LDI
	LDI

	CCI
	0.651***
	-0.496***
	0.463***
	0.447***
	-0.186***
	0.711***
	-0.530**
	-0.0974***

	
	(15.82)
	(-60.58)
	(45.80)
	(93.74)
	(-22.70)
	(135.3)
	(-21.65)
	(-27.31)

	POP
	0.275***
	0.222***
	0.0984***
	 0.0198***
	-0.00223
	0.195***
	0.247***
	-0.158***

	
	(5.145)
	(84.07)
	(37.45)
	(3.125)
	(-0.526)
	(58.31)
	(4.893)
	(-38.67)

	Const.
	-1.006***
	-0.752***
	-0.0110
	1.142***
	0.176***
	0.137***
	-0.0556
	0.409***

	
	(-8.500)
	(-67.26)
	(-1.189)
	(62.75)
	(11.73)
	(11.03)
	(-0.392)
	(40.87)

	
	
	
	
	
	
	
	
	

	Obs.
	165
	693
	561
	198
	297
	495
	132
	495

	No_ id 
	5
	21
	17
	6
	9
	15
	4
	15

	chi2
	312.8
	8539
	3087
	9100
	515.5
	18826
	661.0
	3278

	chi2p
	.
	.
	
	
	
	
	
	


z-statistics in parentheses. *** p<0.01, ** p<0.05, * p<0.1


Table 9 Results of Feasible Generalised Least Square (FGLS) for the Panel of Africa
	DEP.
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)

	VAR.
	SDG2I
	SDG2I
	LAVA
	LAVA
	LTFP
	LTFP
	LAQP
	LAQP
	LCPI
	LCPI

	CCI
	
	-0.137***
	
	-0.0941***
	
	0.0482***
	
	-0.129***
	
	-0.0168***

	
	
	(-92.60)
	
	(-195.4)
	
	(96.02)
	
	(-83.34)
	
	(-59.20)

	LDI
	
	-0.147***
	
	-0.0508***
	
	-0.174***
	
	-0.135***
	
	-0.0856***

	
	
	(-88.04)
	
	(-193.2)
	
	(-276.8)
	
	(-56.88)
	
	(-32.68)

	CEI
	-0.0271***
	
	-0.00907**
	
	-0.0243***
	
	-0.0101***
	
	0.00113***
	

	
	(-64.46)
	
	(-242.8)
	
	(-147.3)
	
	(-39.49)
	
	(18.33)
	

	NRD
	-0.0982***
	
	-0.0126***
	
	0.0105***
	
	-0.000593*
	
	-0.0282***
	

	
	(-21.86)
	
	(-190.4)
	
	(60.41)
	
	(-1.743)
	
	(-54.65)
	

	AVP
	0.0275***
	
	0.1105***
	
	0.0305***
	
	0.219***
	
	0.5605***
	

	
	(39.73)
	
	(26.35)
	
	(32.38)
	
	(43.38)
	
	(37.22)
	

	AGL
	0.0194***
	
	0.00422***
	
	-0.0864***
	
	0.0163***
	
	0.0173***
	

	
	(98.36)
	
	(113.3)
	
	(-15.68)
	
	(125.5)
	
	(44.41)
	

	DER
	-0.0111***
	
	-0.00855**
	
	-0.0145***
	
	-0.0398***
	
	-0.0234***
	

	
	(-14.71)
	
	(-65.07)
	
	(-66.85)
	
	(-81.26)
	
	(-22.43)
	

	HAL
	0.0711***
	
	9.5005***
	
	0.0200***
	
	0.000612***
	
	0.0105***
	

	
	(156.3)
	
	(185.0)
	
	(192.8)
	
	(168.2)
	
	(47.49)
	

	CAS
	0.100***
	
	0.0608***
	
	0.0482***
	
	0.0340***
	
	0.0211***
	

	
	(55.82)
	
	(134.6)
	
	(63.00)
	
	(18.71)
	
	(76.10)
	

	POP
	0.145***
	0.122***
	-0.0380***
	-0.0574***
	0.108***
	0.141***
	0.0626***
	0.0242***
	-0.00251***
	-0.0180***

	
	(51.23)
	(96.81)
	(-75.75)
	(-153.3)
	(119.7)
	(153.2)
	(52.83)
	(32.49)
	(-9.814)
	(-48.13)

	INFL
	0.7505***
	-0.3005
	-0.4305***
	-0.8705***
	0.7505***
	0.4705***
	0.2005***
	8.1206***
	-0.4406***
	-0.1906***

	
	(10.80)
	(-1.497)
	(-21.43)
	(-51.82)
	(21.51)
	(18.59)
	(20.56)
	(6.607)
	(-4.787)
	(-22.42)

	EXR
	0.152***
	0.0178***
	-0.6005***
	-0.6805***
	0.0305***
	0.0605***
	0.0184***
	0.191***
	0.4705***
	0.2405***

	
	(108.0)
	(247.7)
	(-120.6)
	(-233.9)
	(121.4)
	(168.5)
	(109.8)
	(168.6)
	(60.10)
	(124.2)

	Const.
	-1.572***
	-0.383***
	3.064***
	3.254***
	4.294***
	4.253***
	1.343***
	2.306***
	1.757***
	1.911***

	
	(-79.20)
	(-117.8)
	(110.2)
	(386.5)
	(116.0)
	(167.7)
	(112.7)
	(592.1)
	(485.4)
	(1,708)

	Obs.
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518
	1,518

	id
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46

	id
	46
	46
	46
	46
	46
	46
	46
	46
	46
	46


z-statistics in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Table 11 Results of Feasible Generalised Least Square (FGLS) for RECs
	DEP.
	AMU
	CEN-SAD
	COMESA
	EAC
	ECCAS
	ECOWAS
	IGAD
	SADC

	VAR
	SDG2I
	SDG2I
	SDG2I
	SDG2I
	SDG2I
	SDG2I
	SDG2I
	SDG2I

	CCI
	-0.707***
	-0.196***
	-0.247***
	-0.419***
	-0.124***
	-0.256***
	-0.483***
	-0.158***

	
	(-6.981)
	(-25.20)
	(-33.29)
	(-11.35)
	(-25.57)
	(-13.26)
	(-6.990)
	(-15.94)

	LDI
	-0.430***
	-0.235***
	-0.384***
	-0.414***
	-0.0482***
	0.563***
	-0.00913
	-0.527***

	
	(-12.52)
	(-96.09)
	(-91.08)
	(-24.37)
	(-4.628)
	(46.80)
	(-0.0900)
	(-47.59)

	POP
	0.147*
	0.0191***
	0.161***
	0.0105
	0.00404
	0.298***
	-0.505***
	0.356***

	
	(1.925)
	(2.883)
	(23.48)
	(0.951)
	(0.628)
	(16.11)
	(-6.281)
	(32.14)

	INFL
	-0.0340
	0.0314***
	-0.4105***
	0.0505
	0.6505***
	0.0126
	-0.0410***
	-0.8705***

	
	(-0.320)
	(12.02)
	(-6.218)
	(0.787)
	(2.754)
	(0.164)
	(-4.572)
	(-5.044)

	EXR
	0.0805***
	-0.00164***
	0.0167***
	0.0731***
	0.0609***
	0.0116***
	0.0591***
	0.0214***

	
	(4.170)
	(-67.76)
	(20.29)
	(29.02)
	(26.64)
	(21.11)
	(9.050)
	(22.94)

	Cons.
	0.437***
	0.394***
	-0.126***
	0.523***
	-0.546***
	-1.046***
	2.058***
	-1.100***

	
	(3.117)
	(25.43)
	(-7.715)
	(12.40)
	(-22.97)
	(-18.70)
	(8.533)
	(-35.75)

	Obs.
	165
	693
	561
	198
	297
	495
	132
	495

	No_ id
	5
	21
	17
	6
	9
	15
	4
	15


z-statistics in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Table 14 Results of Feasible Generalised Least Square (FGLS) for RECs
	DEP.
	AMU
	CEN-SAD
	COMESA
	EAC
	ECCAS
	ECOWAS
	IGAD
	SADC

	VAR
	Trade
	Trade
	Trade
	Trade
	Trade
	Trade
	Trade
	Trade

	cci
	7.401***
	6.252***
	-4.178***
	3.296***
	7.830***
	-0.181
	3.789
	7.176***

	
	(9.867)
	(18.48)
	(-11.29)
	(3.521)
	(24.96)
	(-0.308)
	(0.983)
	(21.54)

	ldi
	6.169***
	0.710***
	-2.227***
	-5.807***
	-6.790***
	-4.801***
	-2.156***
	-4.542***

	
	(12.55)
	(5.176)
	(-20.65)
	(-14.05)
	(-23.58)
	(-14.93)
	(-2.894)
	(-13.99)

	pop
	-4.378***
	-2.130***
	-3.850***
	-0.327
	-0.472**
	-6.022***
	5.553***
	-16.54***

	
	(-2.971)
	(-14.65)
	(-18.13)
	(-1.255)
	(-2.276)
	(-14.25)
	(2.730)
	(-48.02)

	infl
	-0.102
	-0.236***
	-0.000447
	-0.00122**
	-0.194***
	0.00481
	-0.0908***
	-0.1805

	
	(-0.997)
	(-21.08)
	(-1.225)
	(-2.204)
	(-4.309)
	(0.206)
	(-3.828)
	(-0.0878)

	exr
	-0.171***
	-0.0118***
	-0.0715***
	-0.00101
	0.194***
	0.00353***
	-0.00169
	-0.0298***

	
	(-8.350)
	(-12.02)
	(-4.436)
	(-1.387)
	(12.43)
	(17.59)
	(-1.047)
	(-10.32)

	Cons.
	85.01***
	67.38***
	67.77***
	52.03***
	38.75***
	72.72***
	24.36***
	117.7***

	
	(31.84)
	(131.7)
	(107.1)
	(33.69)
	(33.22)
	(57.96)
	(4.165)
	(146.3)

	
	
	
	
	
	
	
	
	

	Obs.
	165
	693
	561
	198
	297
	495
	132
	495

	No_ id
	5
	21
	17
	6
	9
	15
	4
	15

	chi2
	384.4
	145.5
	162.3
	246.9
	158.2
	627.3
	95.57
	381.4

	chi2p
	
	
	
	
	
	
	
	


z-statistics in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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