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	Scope of the study
Ghana is increasingly affected by deforestation, land degradation, agricultural expansion, mining, and urbanisation, leading to significant carbon losses and growing vulnerability to climate change. Carbon sequestration has emerged as an important nature-based solution for climate change mitigation while supporting sustainable land management and livelihoods. Although Ghana hosts diverse ecosystems—including forests, savannahs, wetlands, agroforestry systems, and agricultural soils—evidence on their carbon sequestration potential and the effectiveness of related policy interventions remains fragmented. This review provides a timely synthesis to support informed decision-making and national climate commitments.
Objectives of the Study
The objectives are to evaluate the carbon sequestration potential of Ghana’s major ecosystems, identify key drivers of carbon loss, assess existing policies and institutional frameworks supporting carbon sequestration, and synthesise challenges, opportunities, and policy-relevant recommendations.
Methodology
A systematic review of peer-reviewed literature, national policy documents, and international reports was conducted. The analysis integrates biophysical evidence on ecosystem carbon storage with socio-economic drivers and governance mechanisms, including REDD+, agroforestry, conservation agriculture, and wetland restoration.
Major Findings
Forests and agroforestry systems show the highest potential for carbon sequestration, while agricultural soils and wetlands provide important opportunities for long-term carbon storage under sustainable management. However, unsustainable land-use practices, weak governance, limited institutional coordination, and inadequate financing constrain effective implementation. Existing initiatives demonstrate potential but are often limited by enforcement challenges and insufficient community participation.
Main Conclusion and Policy Implications
Ghana has considerable yet underexploited potential to enhance carbon sequestration. Achieving this requires integrated land management, strengthened governance and tenure security, community engagement, and innovative financing mechanisms aligned with national climate mitigation and resilience goals.
.
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1. Introduction
1.1 Global Context: Carbon Sequestration and Climate Change Mitigation
Climate change has emerged as one of the most pressing global challenges of the twenty-first century, primarily driven by anthropogenic greenhouse gas (GHG) emissions. The Intergovernmental Panel on Climate Change (IPCC) estimates that atmospheric concentrations of carbon dioxide (CO₂) have risen from pre-industrial levels of about 280 parts per million (ppm) to over 420 ppm in 2023 (Lee et al., 2023). This increase is largely attributed to fossil fuel combustion, industrial activities, deforestation, and unsustainable land use practices. Rising global temperatures, shifting precipitation patterns, sea-level rise, and increased frequency of extreme weather events have amplified the urgency of implementing strategies that not only reduce emissions but also enhance natural sinks for carbon storage.
Carbon sequestration—the process of capturing and storing atmospheric carbon dioxide in vegetation, soils, and geological formations—has been recognized as a vital component of climate change mitigation strategies. Natural ecosystems such as forests, grasslands, wetlands, and agricultural soils act as significant carbon reservoirs. The IPCC’s Sixth Assessment Report emphasizes that enhancing carbon sequestration through afforestation, reforestation, soil carbon management, and ecosystem restoration could contribute significantly to achieving the global target of limiting warming to 1.5°C above pre-industrial levels (Lee et al., 2023)
Globally, carbon sequestration has also become central to international climate negotiations, with mechanisms such as REDD+ (Reducing Emissions from Deforestation and Forest Degradation) and Nationally Determined Contributions (NDCs) under the Paris Agreement placing emphasis on nature-based solutions. However, the ability of countries to harness these opportunities varies depending on ecological, socio-economic, and political contexts. For countries like Ghana, which possess diverse ecological systems and significant forest resources but also face challenges of land degradation and deforestation, the carbon sequestration discourse is particularly critical.

1.2 Africa’s Role and Importance
Africa’s contribution to global GHG emissions is relatively low, accounting for less than 4% of total emissions (Dugasseh, Adams, & Zandersen, 2024). However, the continent is disproportionately vulnerable to the impacts of climate change, including prolonged droughts, unpredictable rainfall, food insecurity, and ecosystem degradation (Schneider et al., 2001). At the same time, Africa holds immense potential for carbon sequestration through its vast forests, rangelands, wetlands, and agricultural soils. The Congo Basin alone is estimated to store approximately 30 billion metric tons of carbon, making it the second largest tropical rainforest carbon sink after the Amazon (Dargie et al., 2017). In West Africa, countries like Ghana, Côte d’Ivoire, and Nigeria are critical due to their tropical forests, cocoa-based agroforestry systems, and savannah landscapes. Ghana’s forests and agroecosystems provide multiple ecosystem services, including carbon storage, biodiversity conservation, water regulation, and livelihood support. Yet, these resources are under constant pressure from agricultural expansion, logging, mining, and infrastructure development.
Africa’s importance in the carbon sequestration debate is further amplified by global initiatives such as the Great Green Wall in the Sahel, the African Forest Landscape Restoration Initiative (AFR100), and various REDD+ programs. These initiatives highlight the dual role of African ecosystems in sequestering carbon while simultaneously supporting livelihoods. Ghana, as a signatory to these frameworks, represents both the opportunities and challenges of aligning climate mitigation with socio-economic development.

1.3 Ghana’s Ecological Zones and Carbon Pools
Ghana is endowed with diverse ecological zones ranging from the coastal savannah, through the forest–savannah transition zone, to the high forest zone and the Guinea savannah in the north. Each of these zones harbors distinct vegetation and land use patterns, which directly influence their carbon storage potential. High Forest Zone (HFZ): Occupies about 34% of the country and contains moist semi-deciduous and evergreen forests. This zone is critical for carbon sequestration due to high biomass density and extensive cocoa agroforestry systems (Adu, 2001).
· Forest–Savannah Transition Zone: Characterized by a mosaic of forest patches and savannah vegetation, this zone is increasingly used for agriculture, particularly maize and yam cultivation. Land conversion in this zone has significant implications for soil and vegetation carbon stocks.
· Guinea Savannah Zone: Covers approximately 45% of Ghana and consists of grasslands interspersed with shrubs and scattered trees. While above-ground carbon storage is relatively low compared to forests, soils in the savannah are important carbon reservoirs.
· Coastal Savannah and Wetlands: These ecosystems, though limited in extent, are valuable for soil organic carbon storage, particularly in mangrove systems along the coast.
These ecological variations present both opportunities and challenges for carbon sequestration. Forests offer high potential for biomass carbon storage, while soils, especially in agricultural and degraded lands, offer opportunities for soil organic carbon restoration through sustainable land management (Asare et al., 2014). Figure 1 shows the major Ecosystems and Land-use zones of Ghana.
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Figure 1: Major Ecosystems and Land-use zones of Ghana (Appiah, Osman, & Boafo, 2014).


1.4 Historical Perspective: Land Use Change and Carbon Dynamics in Ghana
Historically, Ghana has undergone significant land use transformations, largely driven by agricultural expansion, logging, and mining. Between 1990 and 2020, Ghana lost nearly 1.6 million hectares of forest cover, representing about 33% of its forested area (Nesha et al., 2021). This deforestation has released substantial amounts of carbon into the atmosphere, undermining the country’s role as a net carbon sink. Cocoa cultivation has been a double-edged sword in Ghana’s land use dynamics. On one hand, traditional cocoa agroforestry systems provide carbon sequestration benefits through shade trees and soil carbon storage (Asare et al., 2014). On the other hand, the expansion of cocoa farms into forest reserves has been a major driver of deforestation. Similarly, small-scale and illegal mining activities (galamsey) have led to severe land degradation, reducing vegetation cover and soil fertility, thereby diminishing carbon storage potential. The history of shifting cultivation and slash-and-burn practices has also contributed to soil carbon depletion, particularly in the savannah zones. This underscores the need for sustainable agricultural practices such as conservation agriculture, agroforestry, and integrated soil fertility management to rebuild soil organic carbon stocks.

1.5 Policy Landscape: UNFCCC, NDCs, and REDD+
Ghana is an active participant in international climate policy frameworks. As a signatory to the United Nations Framework Convention on Climate Change (UNFCCC) and the Paris Agreement, the country has submitted its Nationally Determined Contributions (NDCs), which include commitments to reduce emissions and enhance carbon sequestration. Ghana’s updated NDC (2021–2030) outlines actions such as reforestation, climate-smart agriculture, and improved forest governance as key strategies for reducing emissions and increasing carbon storage (Saisirirat et al., 2022).
The country has also been at the forefront of implementing REDD+ initiatives, particularly in the cocoa-forest landscape. The Ghana Cocoa Forest REDD+ Program (GCFRP) is the first of its kind in Africa, aiming to reduce emissions from deforestation while promoting sustainable cocoa production and rural livelihoods (Donkor et al.). This program highlights the potential for integrating carbon sequestration with economic development, but it also faces challenges related to governance, financing, and stakeholder participation. Additionally, Ghana has aligned itself with regional initiatives such as AFR100, which seeks to restore 100 million hectares of degraded land in Africa by 2030. Ghana’s national target is to restore two million hectares of degraded land through reforestation, agroforestry, and sustainable land management practices (Narh, 2024).

1.6 Rationale for a Ghana-Focused Review
Despite global recognition of carbon sequestration as a critical climate mitigation strategy, there remain significant gaps in the scientific understanding and policy implementation at the national level in Ghana. While numerous studies have assessed carbon stocks in Ghana’s forests, agroforestry systems, and soils, there is a need for an integrated synthesis that highlights the opportunities, challenges, and policy implications specific to Ghana’s socio-ecological context.
Ghana presents a unique case study for several reasons:
1. Diverse Ecological Systems: The country spans forest, savannah, and coastal ecosystems, offering a variety of carbon sequestration contexts.
2. Economic Dependence on Land-Based Sectors: Agriculture, forestry, and mining are central to Ghana’s economy, making land use management pivotal for climate action.
3. Policy Leadership in REDD+: Ghana’s pioneering role in cocoa-forest REDD+ provides lessons for other tropical countries.
4. Dual Development-Climate Challenge: Ghana must balance the need for economic growth and poverty reduction with commitments to climate mitigation.
These factors underscore the importance of a Ghana-focused review that synthesizes current knowledge, identifies pressing challenges, and proposes pathways for strengthening carbon sequestration strategies.

1.7 Objectives of the Paper
The primary objective of this paper is to review the current state of knowledge and policy on carbon sequestration in Ghana, with particular emphasis on the ecological, socio-economic, and institutional dimensions. Specifically, the review seeks to:
1. Examine Ghana’s carbon sequestration potential across different ecosystems (forests, savannahs, agroforestry, and soils).
2. Analyse the socio-economic drivers of carbon loss, including agricultural expansion, deforestation, and mining.
3. Assess the effectiveness of existing policies and programs such as NDCs and REDD+.
4. Identify gaps, challenges, and opportunities for enhancing carbon sequestration in Ghana.
5. Provide recommendations for integrating carbon sequestration into sustainable development and climate policy frameworks.
Through this comprehensive review, the paper aims to contribute to both academic discourse and policy formulation, ultimately supporting Ghana’s efforts to achieve climate resilience while safeguarding livelihoods and ecosystems.

2. Materials and Methods
2.1 Study Design
This study adopted a systematic review approach to synthesise existing scientific evidence and policy-related literature on carbon sequestration potential, drivers of carbon loss, and policy frameworks in Ghana. The review followed the PRISMA 2020 guidelines to ensure transparency, reproducibility, and methodological rigour.

2.2 Literature Search Strategy
A comprehensive literature search was conducted across major scientific databases, including Scopus, Web of Science, Google Scholar, and ScienceDirect, to identify relevant peer-reviewed studies. Additional records were obtained from grey literature, including reports from the FAO, IPCC, World Bank, and relevant Ghanaian government institutions. Searches were performed using combinations of keywords such as carbon sequestration, soil organic carbon, land use, ecosystems, climate change mitigation, and Ghana. Only studies published in English were considered.



2.3 Inclusion and Exclusion Criteria
Studies were included if they:
(i) focused on carbon sequestration or carbon stocks in Ghana.
(ii) examined forests, savannahs, wetlands, agroforestry systems, or agricultural soils; and
(iii) provided empirical data, reviews, or policy-relevant insights.
Studies were excluded if they were not relevant to Ghana, lacked sufficient methodological detail, or focused solely on unrelated environmental processes.

2.4 Study Selection Process
All retrieved records were screened in two stages: title and abstract screening, followed by full-text assessment for eligibility. Duplicate records were removed prior to screening. The study selection process and reasons for exclusion are summarised using a PRISMA flow diagram (Figure 2).

2.5 Data Extraction and Synthesis
Key information was extracted from each eligible study, including ecosystem type, carbon sequestration estimates, land-use drivers, methodological approaches, and policy relevance. Due to heterogeneity in study designs and metrics, a qualitative narrative synthesis was conducted rather than a meta-analysis.

2.6 Policy and Institutional Analysis
Relevant national policies, strategies, and institutional frameworks related to carbon sequestration and climate change mitigation in Ghana were reviewed and synthesised to assess alignment with scientific evidence and identify implementation gaps.

2.7 Limitations
This review relied on secondary data and published literature, which may limit the availability of consistent quantitative estimates across ecosystems. Nevertheless, the systematic approach ensures a robust synthesis of current knowledge.

[image: ]
Figure 2: PRISMA flow diagram illustrating the study selection process for the study selection process for the systematic review of carbon sequestration in Ghana, including identification, screening, eligibility and inclusion of relevant studies.
3. Carbon Sequestration Potential in Ghana’s Ecosystems
3.1 Forest Ecosystems
Forests are the most significant terrestrial carbon sinks, storing carbon in aboveground biomass, belowground roots, litter, and soil organic matter. Ghana’s high forest zone, which once covered about 8.2 million hectares in the early 1900s, now extends over just 1.6 million hectares due to deforestation and degradation (Acheampong, 2021). Despite this decline, forests remain central to Ghana’s carbon sequestration potential. Studies estimate that tropical moist forests in Ghana store between 150–250 Mg C ha⁻¹ in aboveground biomass and an additional 50–100 Mg C ha⁻¹ in soils (Adu, 2001; Asare et al., 2014). Primary forests, particularly in the southwestern region, contain the highest carbon densities due to their high tree diversity and structural complexity. However, secondary forests and degraded landscapes, if restored, can also contribute significantly to carbon sequestration. A unique opportunity exists in Ghana’s cocoa-forest landscape. Cocoa agroforestry systems, which integrate shade trees with cocoa, have been shown to sequester between 30–60 Mg C ha⁻¹, depending on tree density and management (Asare et al., 2014; Somarriba et al., 2018). The Ghana Cocoa Forest REDD+ Program builds on this potential by incentivizing farmers to maintain or increase shade cover, thereby enhancing both carbon storage and biodiversity. The role of forest reserves and national parks such as Kakum, Ankasa, and Bia is also vital. These protected areas harbor significant biomass carbon stocks while serving as refuges for biodiversity. Expanding protection and implementing sustainable forest management could increase Ghana’s total forest carbon sequestration capacity substantially.

3.2 Savannah Ecosystems
Savannahs cover nearly 45% of Ghana’s land area, predominantly in the northern Guinea Savannah and Sudan Savannah zones. While savannahs generally have lower aboveground biomass compared to forests, they are critical carbon sinks, especially in their soils. Aboveground biomass in Ghana’s savannah is estimated at 10–30 Mg C ha⁻¹, while soils can store 20–60 Mg C ha⁻¹ depending on management and degradation levels (Adu-Bredu et al., 2021; Dodoo et al., 2023). Soil carbon in savannah ecosystems is particularly vulnerable to burning, overgrazing, and unsustainable farming practices. Restoration of degraded savannahs through interventions such as assisted natural regeneration, controlled grazing, agro-silvopastoral systems, and tree planting could significantly enhance carbon storage. Research by Lousada and Iyer-Raniga (2024) indicates that integrating native tree species into fallows or croplands in the savannah zone can increase aboveground carbon stocks by 20–40% over a 10-year period. Given that northern Ghana is also one of the most climate-vulnerable regions, carbon sequestration interventions in the savannah could yield co-benefits in terms of climate adaptation, food security, and livelihood diversification.

3.3 Wetlands and Mangroves
Though occupying a relatively small area, Ghana’s wetlands and mangroves play an outsized role in carbon sequestration, particularly in the form of “blue carbon” storage. Mangrove ecosystems along the Volta Delta, Cape Three Points, and Amansuri wetlands store significant amounts of carbon in both biomass and soils. Studies suggest that mangroves can store 100–150 Mg C ha⁻¹ aboveground and up to 800 Mg C ha⁻¹ in soils, given their deep organic-rich sediments (Chawchai et al., 2025; Murdiyarso et al., 2021; Murdiyarso et al., 2009). In Ghana, mangroves are increasingly under threat from fuelwood harvesting, salt mining, and aquaculture expansion, which leads to large carbon emissions. Wetlands such as the Sakumo Lagoon, Keta Lagoon, and Muni Lagoon also store soil organic carbon, although data remain limited. Restoration of mangroves and wetlands in Ghana presents a highly cost-effective carbon sequestration opportunity, especially when integrated with biodiversity conservation and coastal protection against sea-level rise.

3.4 Agroforestry Systems
Agroforestry, the deliberate integration of trees with crops and/or livestock, has long been practiced in Ghana, particularly in cocoa-growing regions. These systems are increasingly recognized as important carbon sinks due to their ability to combine agricultural production with long-term biomass accumulation. In cocoa agroforestry systems, carbon stocks range from 30–60 Mg C ha⁻¹, depending on shade tree species and density (Asare et al., 2014; Dawoe et al., 2016). Other agroforestry systems, such as parklands in the savannah where shea (Vitellaria paradoxa) and baobab (Adansonia digitata) trees are retained on croplands, also contribute to carbon storage while providing non-timber products that support rural livelihoods. A study by Partey et al. (2018) estimated that widespread adoption of agroforestry practices across Ghana could sequester an additional 1.2–2.0 Mt CO₂ annually. Importantly, agroforestry offers multiple co-benefits: improving soil fertility through litterfall, enhancing biodiversity, providing shade for crops, and diversifying household income.

3.5 Agricultural Soils
Soil organic carbon (SOC) is a critical yet often overlooked carbon pool in Ghana. Agricultural expansion and unsustainable practices such as slash-and-burn, continuous monocropping, and overgrazing have contributed to widespread SOC depletion. Estimates suggest that Ghana’s soils have lost between 30–50% of their original organic carbon stocks over the past century (Owusu et al., 2020; Tan et al., 2009). However, the potential for soil carbon sequestration (SCS) remains substantial. Practices such as conservation agriculture, residue retention, cover cropping, compost and manure application, reduced tillage, and biochar use have been shown to increase SOC levels. Biochar in particular has gained attention in Ghana due to its ability to persist in soils for decades while improving fertility (Banahene, 2020). For example, conservation agriculture trials in northern Ghana demonstrated increases of 0.2–0.5 Mg C ha⁻¹ per year in soil organic carbon compared to conventional practices (Partey et al., 2018). If scaled nationally, such practices could contribute significantly to Ghana’s NDC targets while improving food security.

3.6 Quantifying the National Potential
Synthesizing across ecosystems, estimates suggest that Ghana’s total carbon sequestration potential could exceed 50–70 Mt CO₂ annually, if sustainable land management, forest restoration, and agroforestry were implemented at scale (Awuni et al., 2023).
· Forests and cocoa agroforestry: 25–35 Mt CO₂ annually
· Savannah restoration and agro-silvopastoral systems: 10–15 Mt CO₂ annually
· Wetlands and mangroves: 5–10 Mt CO₂ annually
· Agricultural soils (conservation agriculture, biochar, etc.): 8–12 Mt CO₂ annually


4. Socio-Economic Drivers of Carbon Loss in Ghana
4.1 Agricultural Expansion
Agricultural expansion is the primary driver of carbon loss in Ghana. The agriculture sector Studies indicate that cocoa farms account for 20–30% of deforestation in southwestern Ghana contributes approximately 20% of GDP and employs over 40% of the (Jumpah, Ampadu-Ameyaw, & Owusu-Arthur, 2020). To meet growing food and cash crop demands, forests and savannahs have been converted into farmland over decades. Cocoa, Ghana’s leading cash crop, is a major driver of deforestation, especially in the high forest zone (Asibey et al., 2020). Traditional practices such as slash-and-burn agriculture release substantial carbon stored in aboveground biomass and soil organic carbon (SOC). The conversion of forested land to cropland results in immediate carbon losses of 100–200 Mg C ha⁻¹, with continued cultivation causing further depletion in SOC (Hartemink, Veldkamp, & Bai, 2008). In the savannah, expansion of maize, yam, and sorghum cultivation has reduced woody vegetation, further decreasing aboveground carbon stocks. Improper land use also exacerbates soil erosion and nutrient depletion, indirectly reducing soil carbon storage. Despite awareness of conservation agriculture, adoption rates remain low due to labor constraints, lack of technical support, and limited access to inputs, leaving many farmers dependent on conventional methods that degrade soil carbon  (Partey et al., 2018). Table 1 shows the hotspots of carbon loss in some selected regions of Ghana (Abugre et al., 2025a, 2025b).


4.2 Deforestation and Logging
Deforestation remains a persistent challenge in Ghana, driven by both legal and illegal logging activities. Between 1990 and 2020, Ghana lost over 1.6 million hectares of forest, releasing an estimated 200–250 Mt CO₂ into the atmosphere (Ametepeh, Ametepeh, & Eggert, 2019; DAHAN, 2023). Small-scale and illegal logging for timber and fuelwood is widespread, particularly near rural communities where energy access is limited. Fuelwood accounts for about 60% of household energy in rural Ghana, with charcoaling also contributing to tree removal (Alhassan et al., 2023). Commercial logging, although regulated, has historically prioritized high-value timber species such as mahogany, odum, and wawa, creating selective degradation that reduces biomass carbon and alters forest structure. The fragmentation of forested landscapes has significant consequences for carbon dynamics. Fragmented forests experience higher edge effects, microclimatic changes, and reduced regeneration rates, all of which compromise carbon storage. Combined with expansion of agriculture, logging accelerates both aboveground and belowground carbon losses.

4.3 Mining Activities
Mining, especially small-scale or illegal mining (“galamsey”), has emerged as a significant driver of carbon loss in Ghana. Mining operations result in deforestation, soil disturbance, and contamination of rivers and wetlands. Estimates suggest that galamsey has cleared more than 25,000 hectares of forested land between 2010 and 2020 (Aziabah & Ayelazuno, 2024). Mining activities not only remove vegetation but also disrupt soil structure, accelerating SOC mineralization and reducing long-term carbon storage potential. Post-mining landscapes often remain degraded for decades, with low natural regeneration due to compacted soils, contamination, and loss of seed banks. Wetlands near mining sites are particularly vulnerable, as sedimentation and heavy metal pollution reduce soil carbon content (Sheoran & Sheoran, 2006). The socio-economic drivers of mining are rooted in poverty and employment shortages, making interventions challenging. Livelihood alternatives, stricter enforcement of regulations, and post-mining land rehabilitation are critical to curbing carbon losses in these landscapes.

4.4 Population Growth and Urbanization
Rapid population growth and urbanization intensify pressures on land and carbon stocks. Ghana’s population has grown from 14 million in 1960 to over 35 million in 2023 (Anaman, Ampomah, & Manzvera, 2024) creating higher demand for food, timber, fuelwood, and housing. Urban expansion into peri-urban forests and mangroves leads to deforestation and wetland degradation. Urban sprawl often consumes fertile agricultural and forested lands, fragmenting ecosystems and reducing their carbon storage potential. For instance, Accra and Kumasi have expanded into surrounding forested and mangrove areas, reducing local carbon sinks. Urban demand for firewood and charcoal also drives deforestation in rural areas, with charcoal production responsible for approximately 90% of urban energy consumption in some regions (Arko et al., 2024).



Table 1: Hotspots of Carbon Loss (2001–2024)
	Region
	Primary Forest Loss (Hectares)
	CO₂ Emissions (Million Tonnes)
	Primary Drivers

	Western North
	~350,000
	~180
	Cocoa expansion, illegal logging

	Ashanti
	~290,000
	~145
	Illegal mining (Galamsey), urban sprawl

	Bono East
	~180,000
	~90
	Agricultural conversion

	Western
	~160,000
	~85
	Rubber & Oil Palm plantation

	(Abugre et al., 2025a, 2025b)
	
	
	



4.5 Policy and Governance Challenges
Although Ghana has progressive policies for forest and land management, governance challenges undermine their effectiveness. Weak enforcement of forestry laws, illegal land conversions, and limited capacity for monitoring and reporting result in continued carbon loss. REDD+ initiatives and NDC commitments are promising but face implementation bottlenecks. Issues such as unclear land tenure, overlapping jurisdiction between local and national authorities, and limited financing hinder large-scale adoption of carbon sequestration interventions (Acheampong, 2022). Community participation is often inconsistent, and benefits from carbon payments are sometimes delayed or insufficient, reducing incentives for sustainable land management. Strengthening institutional coordination, enhancing MRV systems, and ensuring equitable benefit-sharing are critical for improving carbon retention.




4.6 Climate Change Feedback
Climate change itself exacerbates carbon losses. Rising temperatures, erratic rainfall, and extreme weather events increase forest fires, pest outbreaks, and drought stress, all of which reduce biomass and soil carbon stocks. In savannah regions, prolonged dry periods can increase woody vegetation mortality, while wetland ecosystems are vulnerable to saltwater intrusion and sediment loss (Taïbi et al., 2023). In agricultural lands, climate-induced stress can reduce crop yields, prompting further expansion into forests and marginal lands. This feedback loop creates a cycle of carbon loss that is both anthropogenic and climate driven.

4.7 Socio-Economic Implications
The loss of carbon has direct and indirect socio-economic consequences. Forest and soil degradation reduce agricultural productivity, threaten water resources, and compromise ecosystem services. Communities that depend on forests for fuel, timber, and non-timber products face declining resources, leading to poverty traps and increased vulnerability to climate change. Conversely, carbon sequestration interventions, such as agroforestry, soil restoration, and mangrove rehabilitation, offer co-benefits: improving livelihoods, increasing food security, and enhancing resilience. Integrating socio-economic considerations into carbon policies is therefore essential to achieve both climate mitigation and development objectives.

5. Policy, Governance, and Carbon Sequestration Strategies in Ghana
5.1 National Climate Policies and Commitments
Ghana has actively engaged in international climate governance frameworks, particularly the United Nations Framework Convention on Climate Change (UNFCCC) and the Paris Agreement. As part of its commitments, Ghana submitted its Nationally Determined Contributions (NDCs), which prioritize forestry, agriculture, and land management as key sectors for mitigation. The updated NDC (2021–2030) targets emission reductions of up to 64 Mt CO₂e, contingent on international support, with forests and land use expected to contribute a significant share (Government of Ghana, 2021).
The NDC emphasizes actions such as reforestation and afforestation of degraded lands, promotion of sustainable cocoa and agroforestry systems, expansion of conservation agriculture to increase soil carbon, restoration of mangroves and wetlands for blue carbon storage. These commitments highlight the recognition of carbon sequestration as a dual opportunity: addressing climate change while improving ecosystem services and rural livelihoods. However, translating these policies into tangible outcomes requires strong governance, technical capacity, and sustained financing.

5.2 REDD+ Initiatives
Ghana has been a pioneer in implementing REDD+ (Reducing Emissions from Deforestation and Forest Degradation) initiatives in Africa. The most prominent example is the Ghana Cocoa Forest REDD+ Program (GCFRP), which integrates carbon mitigation with sustainable cocoa production and forest protection (ADJEI, 2022).
Key components of the GCFRP include promoting shade-grown cocoa systems to maintain aboveground biomass, implementing community-based forest management, including participatory mapping and forest monitoring, establishing results-based payments for emission reductions, incentivizing local stakeholders to protect and restore forests. The program has shown positive outcomes in some regions, including reduced deforestation rates and increased awareness of sustainable land management. Nevertheless, challenges remain unclear land tenure, delays in payments, and the need for more robust monitoring, reporting, and verification (MRV) systems limit the program’s scalability and effectiveness.

5.3 Agroforestry Promotion
Agroforestry is a cornerstone of Ghana’s carbon sequestration strategy. The government, NGOs, and development partners have promoted agroforestry practices in both cocoa and food crop systems.
Benefits of agroforestry for carbon sequestration include aboveground biomass accumulation: Shade trees sequester carbon while providing timber and non-timber products, soil carbon enhancement: Litterfall and root biomass contribute to soil organic carbon, biodiversity conservation: Agroforestry systems maintain habitat connectivity in fragmented landscapes. Programs such as the Cocoa Rehabilitation Project and the Agroforestry Development Project have encouraged farmers to retain or plant shade trees, diversify crops, and reduce reliance on slash-and-burn clearing. Studies indicate that widespread adoption of agroforestry in Ghana could sequester 1–2 Mt CO₂ annually, while also improving livelihoods (Asare et al., 2014; Dawoe et al., 2016).
Challenges include limited access to high-quality seedlings, inadequate technical knowledge, labor constraints, and market limitations for tree products. Addressing these barriers is critical for scaling up carbon-positive agroforestry interventions.

5.4 Soil Carbon Management and Conservation Agriculture
Soil represents a critical but often underutilized carbon pool. Ghana has promoted conservation agriculture and soil management practices as strategies to enhance soil carbon and resilience to climate change. Key interventions include reduced tillage and no-till farming to minimize soil disturbance, cover cropping and residue retention to protect soil from erosion and increase organic matter, compost and manure application to enhance fertility and carbon content, biochar incorporation for long-term carbon storage and soil improvement (Yeboah et al., 2009).
Research shows that these practices can increase soil organic carbon by 0.2–0.5 Mg C ha⁻¹ per year, with additional benefits for crop productivity, water retention, and nutrient cycling (Partey et al., 2018). However, adoption is limited by knowledge gaps, labor intensity, and the need for initial investment. Expanding extension services, credit facilities, and farmer training is essential to scale up soil carbon management.

5.5 Wetland and Mangrove Restoration Strategies
Ghana’s coastal wetlands and mangroves are vital for blue carbon sequestration, offering high carbon density per hectare. Restoration initiatives include mangrove planting and protection: Targeting degraded areas in the Volta Delta and Western Region, community-based management programs: Engaging local populations in conservation and sustainable resource use, integration with climate adaptation: Mangrove restoration buffers against sea-level rise and coastal erosion.
Studies suggest that restoring 1,000 hectares of mangroves could sequester 8,000–10,000 Mg CO₂, while also providing fisheries and livelihood benefits (Chowdhury, Naz, & Bhattacharyya, 2020; Jiang et al., 2025). Constraints include land conflicts, poor enforcement of regulations, and competing development priorities along the coast.


5.6 Institutional and Governance Frameworks
Effective carbon sequestration in Ghana depends on institutional coordination and governance. Key institutions include, forestry Commission: Oversees Forest management, reforestation, and REDD+ implementation, ministry of Lands and Natural Resources: Develops policy frameworks for land and resource use, environmental Protection Agency (EPA): Monitors environmental impacts and enforces regulations, local governments and community institutions: Implement participatory management and ensure benefit-sharing. 
Challenges include overlapping mandates, limited technical capacity for MRV, corruption, and insufficient funding. Strengthening governance through integrated land-use planning, stakeholder engagement, and capacity building is critical for achieving national carbon sequestration targets.

5.7 Financial Mechanisms and Incentives
Sustainable financing is key for scaling carbon sequestration initiatives. Ghana has explored various mechanisms:
· Results-Based Payments (RBP) under REDD+: Payments are linked to verified emission reductions, incentivizing forest conservation.
· Carbon markets: Voluntary and compliance carbon markets offer opportunities for agroforestry and forest carbon projects.
· Climate finance from international donors: Bilateral and multilateral funding supports restoration, training, and technology adoption.
Despite these opportunities, challenges remain such as high transaction costs, limited access to carbon markets for smallholders, and delays in payment distribution. Policy reforms and innovative financing mechanisms, such as blended finance, can help bridge these gaps.

5.8 Challenges and Limitations of Current Strategies
While Ghana has made strides in policy and program development, several challenges persist such as:
· Weak MRV systems: Accurate measurement of carbon stocks is limited by technical and logistical constraints.
· Land tenure insecurity: Ambiguous property rights discourage long-term investment in trees and soil restoration.
· Limited adoption of sustainable practices: Farmers face economic and technical barriers to agroforestry and conservation agriculture.
· Conflict between development and conservation: Infrastructure projects, mining, and urban expansion compete with carbon sequestration objectives.
· Climate change impacts: Extreme weather events reduce the effectiveness of restoration and management interventions.
Addressing these limitations requires integrated planning, stronger enforcement, community engagement, and research to inform adaptive strategies.

5.9 Future Directions for Enhancing Carbon Sequestration
To maximize carbon sequestration in Ghana, several strategic priorities emerge:
1. Scaling up agroforestry and forest restoration: Combining livelihood support with carbon-positive interventions.
2. Strengthening MRV and research: Improved data on carbon stocks, soil dynamics, and ecosystem services.
3. Integrating climate-smart agriculture: Expanding conservation agriculture and biochar practices nationwide.
4. Promoting blue carbon initiatives: Restoring mangroves and wetlands while securing community benefits.
5. Enhancing policy coherence and governance: Aligning forestry, agriculture, and climate policies for synergistic outcomes.
6. Mobilizing finance: Expanding access to carbon markets, REDD+ payments, and climate finance for local stakeholders.
Through these measures, Ghana can enhance its carbon sequestration potential while contributing to climate mitigation, sustainable development, and ecosystem resilience.
6. Challenges, Opportunities, and Recommendations
6.1 Key Challenges to Carbon Sequestration in Ghana
Despite Ghana’s significant carbon sequestration potential, several interrelated challenges hinder progress:

6.1.1 Land Use Change and Deforestation
Land use change remains the primary threat to carbon stocks. Expansion of agriculture, cocoa cultivation, and urban development has historically led to significant deforestation. The loss of primary and secondary forests reduces both aboveground and soil carbon, weakening Ghana’s carbon sink capacity (Amankwah et al., 2024; Brown et al., 2020). Small-scale and illegal logging further exacerbates the problem. Selective logging and fuelwood collection not only remove biomass but also fragment habitats, increase vulnerability to forest fires, and reduce biodiversity, which in turn diminishes carbon sequestration potential (Bouget, Lassauce, & Jonsell, 2012).

6.1.2 Unsustainable Agricultural Practices
Agriculture in Ghana often relies on conventional methods that degrade soil and reduce carbon stocks. Practices such as slash-and-burn cultivation, monocropping, overgrazing, and continuous tillage lead to soil erosion and depletion of soil organic carbon (SOC) (Nandwa, 2001; Vashum & Jayakumar, 2016). While conservation agriculture and agroforestry have been promoted, adoption rates remain low due to labor constraints, knowledge gaps, and limited access to input (Partey et al., 2018).Without widespread adoption of sustainable land management, soil carbon sequestration potential remains underutilized.

6.1.3 Mining and Industrial Activities
Mining activities, particularly small-scale gold mining (“galamsey”), pose serious threats to forests, savannahs, and wetlands. Mining leads to deforestation, soil compaction, sedimentation of rivers, and contamination with heavy metals, all of which reduce carbon storage capacity  (Padhiary & Kumar, 2024; Punia & Bharti, 2023). Industrial activities, including infrastructure development and urban expansion, also consume carbon-rich landscapes. The lack of integrated land-use planning intensifies competition between development and conservation objectives.

6.1.4 Governance and Policy Gaps
Although Ghana has established climate policies, gaps in governance limit their effectiveness. Challenges include:
1. Weak enforcement of forestry and land-use regulations.
2. Inconsistent implementation of REDD+ and NDC programs.
3. Ambiguities in land tenure and property rights that discourage long-term investment in trees and soil restoration.
4. Limited financial and technical capacity for monitoring, reporting, and verification (MRV) of carbon stocks (Acheampong et al., 2019).
These governance challenges reduce incentives for sustainable practices and impede scaling of carbon sequestration interventions.

6.1.5 Climate Change Impacts
Climate change itself is a driver of carbon loss. Rising temperatures, erratic rainfall, prolonged droughts, and increased incidence of forest fires reduce biomass and soil carbon stocks (Brando et al., 2019). Coastal ecosystems, particularly mangroves and wetlands, are vulnerable to sea-level rise, salinization, and storm surges, which degrade carbon-rich soils (McKee, Rogers, & Saintilan, 2012). These climate-induced stresses compound human-induced pressures, creating a feedback loop where degradation reduces carbon sinks, which in turn exacerbates climate change impacts.

7.2 Opportunities for Carbon Sequestration in Ghana
Despite these challenges, Ghana possesses numerous opportunities to enhance carbon sequestration:


7.2.1 Forest Restoration and Reforestation
Large-scale forest restoration offers high carbon sequestration potential. Planting native tree species, protecting secondary forests, and expanding community-based forest reserves could restore aboveground biomass and soil carbon stocks. Programs like AFR100 and Ghana Cocoa Forest REDD+ demonstrate the feasibility of integrating carbon sequestration with livelihood enhancement. Combining reforestation with sustainable cocoa agroforestry can simultaneously sequester carbon and improve rural incomes (Nyarko & Ashiagbor, 2025).

7.2.2 Agroforestry and Sustainable Agriculture
Agroforestry remains one of the most promising strategies for carbon sequestration in Ghana. Integrating trees with cocoa, maize, yam, and other crops can enhance biomass and soil carbon while providing multiple co-benefits, including:
1. Diversified income through timber, fruits, and non-timber products.
2. Soil fertility improvement through litterfall and nitrogen fixation.
3. Microclimate regulation and biodiversity conservation.
Scaling conservation agriculture practices, including reduced tillage, cover cropping, and biochar application, can further increase soil organic carbon and productivity (Francaviglia, Almagro, & Vicente-Vicente, 2023; Partey et al., 2018). 

7.2.3 Blue Carbon Initiatives
Mangroves and wetlands, though limited in extent, offer high carbon storage per unit area. Restoration of degraded mangroves, protection of coastal wetlands, and community-based management of fisheries provide opportunities for both carbon sequestration and climate adaptation. Incorporating blue carbon projects into REDD+ frameworks or voluntary carbon markets could attract funding while supporting local livelihoods (Wylie, Sutton-Grier, & Moore, 2016).


7.2.4 Policy Integration and Institutiona(Wylie, Sutton-Grier, & Moore, 2016)l Strengthening
Opportunities exist to strengthen governance and policy frameworks:
1. Harmonizing forestry, agriculture, and climate policies to reduce conflicts.
2. Strengthening MRV systems for accurate carbon accounting and reporting.
3. Clarifying land tenure to incentivize long-term carbon-positive investments.
4. Engaging local communities in decision-making to ensure equitable benefit-sharing.
Such reforms can increase the effectiveness of existing interventions and unlock additional sequestration potential.

7.2.5 Financing Mechanisms
Innovative financing mechanisms offer opportunities to scale carbon sequestration such as:
1. Results-Based Payments (RBP) under REDD+ programs.
2. Access to voluntary and compliance carbon markets.
3. Blended finance approaches, combining public, private, and donor resources.
4. Integration of carbon finance with development projects, such as agroforestry, soil restoration, and mangrove rehabilitation.
Expanding access to these mechanisms for smallholder farmers and local communities can enhance adoption and ensure sustainability.

7.3 Recommendations
Based on the review, the following recommendations are proposed for Ghana:

7.3.1 Strengthen Policy and Governance
· Enhance enforcement of forest and land-use regulations.
· Improve coordination among forestry, agriculture, and climate institutions.
· Clarify land tenure to promote long-term carbon-positive investments.
· Ensure transparency and equity in benefit-sharing under REDD+ and other carbon programs.
7.3.2 Scale Up Sustainable Land Management
· Promote widespread adoption of agroforestry and conservation agriculture.
· Provide technical support, high-quality seedlings, and financial incentives to farmers.
· Encourage soil restoration through compost, biochar, and cover cropping.
7.3.3 Restore Degraded Ecosystems
· Implement large-scale reforestation in high forest and transition zones.
· Protect and restore mangroves and wetlands along the coast.
· Integrate ecosystem restoration with climate adaptation and livelihood improvement.
7.3.4 Enhance Research, Monitoring, and Capacity Building
· Improve MRV systems for accurate measurement of carbon stocks.
· Conduct research on carbon sequestration potential across ecosystems and land uses.
· Build capacity of government agencies, NGOs, and local communities in sustainable land management.
7.3.5 Mobilize Finance and Incentives
· Expand access to carbon markets for smallholders and communities.
· Promote results-based financing and blended finance solutions.
· Link carbon sequestration projects to development objectives to ensure sustainability.

7.4 Conclusion
Ghana has substantial potential for carbon sequestration across forests, savannahs, agroforestry systems, wetlands, and soils. However, socio-economic pressures, deforestation, unsustainable agricultural practices, mining, and weak governance limit progress. By addressing these challenges through integrated policies, community engagement, sustainable land management, ecosystem restoration, and innovative financing, Ghana can enhance carbon sequestration while supporting climate mitigation, livelihoods, and biodiversity. The combination of scientific evidence, effective governance, and community participation will be key to realizing the full carbon potential of the nation.
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