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Abstract 

 
Forests play a critical role in mitigating climate change by acting as significant carbon sinks. In Nigeria, 
the estimation of Aboveground Carbon Stocks (ACS) and Tree Cover Loss (TCL) in forest ecosystems 
is essential to understanding the country's contribution to global carbon sequestration efforts. This 
review paper explores the methods, challenges, and importance of ACS estimation in Nigerian forest 
Vegetation Zone (VZ) viz: Rain Forest (RF), Mangrove Swamp (MS), Sahel Savanna (ShS) Sudan 
Savanna (SuS), Guinea Savanna (GS) and Freshwater Swamp Forest (FSF). This paper implores the 
use of secondary data to highlight the spatial variability of ACS across different states and VZ in 
Nigeria, underscoring the need for targeted conservation policies. It was observed that the average TCL 
and ACS reduced from the year 2010 to 2022 across the VZ (RF: 10,222-7,944 Kha, and 1,016,667-
794,444 tC/ha; MS: 15,200-12,600 Kha and 1,520,000-1,280,000 tC/ha; ShS: 3,250-2,250 Kha and 
325,000-225,000 tC/ha; SuS: 3,000-2,000 Kha and 300,000-200,000 tC/ha; GS: 7,591-6,045 Kha and 
754,545-595,455 tC/ha; and FSF: 10,667-9,000 Kha and 1,066,667-900,000 tC/ha). By synthesizing 
existing literature and data, this review provides insights into Nigeria’s role in the global carbon cycle 
and calls for further research using advanced technologies to enhance the accuracy of carbon stock 
estimations and to inform effective climate action. 
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INTRODUCTION  
The role forests play in sustaining the global carbon cycle, acting as the reservoirs, absorbers, 
and storing substantial amounts of carbon dioxide from the atmosphere cannot be over 
emphasized. The estimation of carbon stocks in forest ecosystems is a critical aspect of 
understanding and mitigating climate change. As anthropogenic activities continue to alter 
the Earth's climate, the need to accurately assess and monitor carbon stocks in forests becomes 
increasingly imperative, particularly in Sub-Saharan Africa, where population pressure has 
been linked with biodiversity loss (Komolafe et al., 2020). This involves not only quantifying 
the carbon stored in trees but also considering the intricate dynamics within forest ecosystems, 
encompassing soil, vegetation, and the atmosphere.  
 
Focusing on West Africa, Nigeria's diverse forest vegetation plays a vital contribution to the 
global effort in mitigating climate change (Brown 1999). Carbon stock estimation in Nigerian 
forests has become a crucial focal point, as its vegetations play a pivotal role in the 
sequestration and storage of carbon, influencing both local and global climate patterns 
(Adekunle 2007; Bhatta et al., 2018). The unique biodiversity, ranging from the lush rainforests 
of the Niger Delta to the savannas of the north, adds complexity to the estimation process 
(Jimoh et al., 2012). Understanding the carbon dynamics within Nigerian forests is not only 
essential for the nation's environmental stewardship but also holds implications for global 
carbon management strategies. This review investigates the methods, challenges, and 
significance of estimating carbon stocks in Nigerian forest vegetation, shedding light on the 
country's role in the broader context of climate change mitigation and sustainable 
development. One of the world’s most contentious issues is the consequences of 
environmental degradation (Baccini et al., 2017; Philipson et al., 2020). A comprehensive 
understanding of Nigeria's forests becomes paramount in fostering effective conservation 
strategies and promoting the sustainable management of this invaluable natural resource 
spread across vegetations. 
 
Forest vegetation is the collection of tree-plant species covering a particular land mass whose 
plants are predetermined by the dominant climatic conditions (George et al., 1977).  Varying 
annual rainfall, temperature, and atmospheric pressure distinguish Nigerian forests into six 
distinct vegetation types; which occupy varying sizes (UNREDD+ 2016). Basically, the 
vegetation belt in Nigeria is divided into the forest and the savanna ecological zones (Ayoade 
2004). The forest ecological zone is subdivided into rain forest, mangrove swamp forest, and 
freshwater swamp forest (figure 1). The savanna is subdivided into: Sahel savanna, Sudan 
savanna, and Guinea savanna vegetations (Ibrahim et al., 2018). Forest vegetation consists of 
five kinds of carbon pools (Karki et al., 2016). This includes: above-ground biomass, below-
ground biomass, soil organic carbon, dead wood and litter.  
 
Nigeria has substantial forest cover of 349,278 square kilometers, constituting approximately 
35% of its total landmass (Nweze 2003; Aigbe et al., 2017). Nigeria has struggled with a sharp 
decline in forest cover since the 1960s (Morakinjo 1991). The Federal Department of Forestry 
(1997) reported that forested land shrank significantly, falling from 14.9 million hectares in 
1980 to just 10.1 million hectares by 1990. This downward trend persisted, reaching 9.5 million 
hectares in 1996. Consequently, the average annual loss stands at 0.4 million hectares per year, 
with a disheartening reforestation rate of less than 0.1 hectare per year (Nweze 2003). Aroufor 
(2001) highlights the alarming encroachment of the desert, expanding from the Northern 
Saharan desert to the southern rainforest at a relentless pace of 1 kilometer per year. The 
situation is even more alarming as Obioha (2009) estimates that the country loses a massive 
351,000 square kilometers of land each year to advancing deserts.  
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In the southwestern region of Nigeria, specifically in Ore, Ondo State, an unfortunate 
transformation occurred as approximately 107.36 square kilometers of forest gave way to 
casual land use. Meanwhile, in Kano State, situated in the northwest, a significant 70 square 
kilometers of forested land succumbed to clearance for the Tiga Dam project (Adeoti et al., 
2023). In the Northcentral region, for example, Kogi State gave up 183.89 square kilometers of 
forest to make way for the Ajaokuta Steel Complex (Christopher et al., 2024). Adding to the 
concerning landscape changes, the World Bank's latest report (2024) reveals that Nigeria's 
forested area was documented at 23.57% in 2021, accounting for 214,637 square kilometers. 
This alarming trend signifies a significant decline in the country's carbon stock. 
 
However, despite the persistent decline in Nigerian forest vegetation cover, there has been a 
notable lack of concerted efforts to maintain current and accurate information on carbon stock 
estimation in these vital ecosystems. This oversight poses a significant obstacle to the 
formulation of effective climate change mitigation strategies and sustainable forest 
management practices. The absence of up-to-date data not only impedes the country's ability 
to accurately quantify its contributions to global carbon sequestration but also presents 
challenges in developing targeted policies for climate resilience and biodiversity conservation. 
 
The critical importance of addressing these gaps in carbon stock estimation cannot be 
overstated. It is essential for informed decision-making, enabling the implementation of 
sustainable resource management practices and ensuring the resilience of Nigerian forests in 
the face of climate change. Estimating Nigerian carbon stocks is compelling because of the 
important role the country's rich and diverse forests serve. Understanding the extent of carbon 
sequestration in the county’s vegetation is crucial for contributing credible data to 
international climate agreements and initiatives. Moreover, carbon stock estimation is integral 
to biodiversity conservation. Many species rely on specific forest types, and a comprehensive 
assessment can highlight areas of high ecological importance. Conservation strategies 
informed by accurate carbon stock data can thus simultaneously safeguard biodiversity, 
contribute to climate resilience, and support sustainable development. The accurate 
estimation of carbon stocks in Nigerian forest ecosystems is timely a necessity. If down, it will 
form the foundation for informed decision-making, sustainable resource management, and 
the fulfillment of international commitments, ultimately contributing to the global effort to 
combat climate change and promote environmental sustainability. 
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Figure 1. Map of Nigeria Showing Agroecological and Vegetation Zones (Agbor, 2021) 

 
 
Effects of Deforestation on Carbon Stocks in the Vegetation Zones of Nigeria 
Deforestation is the intentional conversion of forested land to alternative uses, represents a 
significant global phenomenon with far-reaching consequences for biodiversity, climate 
dynamics, and ecosystem services (Crump 1991). Nigeria, like many other regions, has 
experienced notable deforestation trends over recent years, resulting in detrimental effects on 
carbon stocks across its diverse vegetation zones. Suleiman & Anakhu (2023) highlighted a 
substantial loss of tree cover and a corresponding reduction in carbon stocks in Nigeria, 
averaging 35% and 30%, respectively, between 2010 and 2022. 
 
Research focusing on southwestern Nigeria underscores the severity of aboveground carbon 
stock depletion. Anthony et al. (2012) observed aboveground carbon stocks ranging from 0.06 
to 0.08 t C across various forest reserves in the region. Contrasting figures emerged from 
studies conducted in Akure, Ondo State, with Habeeb et al. (2019) reporting an average 
aboveground carbon stock of 0.00407 t C, while Ige & Silas (2023) documented a significantly 
lower value of 0.00109 t C. Similarly, Adeoti et al. (2023) found an aboveground carbon stock 
of 0.00254 t C in Sakponba Forest Reserve, Edo State, which shares a vegetation zone with 
Ondo. Discrepancies in these findings may be attributed to microclimatic variations and 
differences in sampling methodologies (Oladoye et al., 2018). 
 
In a separate study, Abdullahi et al. (2014) employed satellite imagery to estimate both above 
and below-ground biomass in the Guinea savanna vegetation of Nigeria, reporting an 
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aboveground carbon stock of 0.02402 t C. These findings collectively underscore the urgent 
need for comprehensive measures to mitigate deforestation and its adverse impacts on carbon 
stocks and ecosystem health.  
 
Methods adopted for Carbon stocks Estimations in Nigerian Forests 
The most common methods for carbon stocks in Nigeria have been the non-destructive 
method, due to the vulnerability of the country’s flora species. The non-destructive method is 
actually the most environmentally friendly method adopted across the globe. Although the 
aims of their research vary, the methods were similar except for the research done in 2014, 
where destructive and allometric methods were used in Niger state. The reason for this could 
be associated with the percentage primary forest extent remaining which was comparatively 
higher in 2014 than in 2018 to 2022, as shown in Table 2. Primary forest loss and tree cover 
and biomass loss have continually decreased from 2012 to 2022 in Nigeria, except in 2015, 
where there was a significant decrease in the  
total forest loss, tree cover and biomass loss (Figure 2).  
 
Within a decade under observation, there were more total forested area (ha) in 2014, while the 
least total forested area (ha) in Nigeria was in 2020 (Table 3). Shifting agriculture has been the 
major driver of temporary and permanent tree biomass loss in Nigeria. Particularly, shifting 
agriculture has consistently influenced biomass loss between 2019 to 2022 (Figure 3).  
 
 
Table 1. Summary of some Studies on Carbon Stocks in some Forest Reserves in Nigeria 

Study  Location  Method used Year of report Aim of the study 

Aboveground 
biomass and carbon 
stock 

Oluwa Forest Reserve, 
Ondo State 

Non-destructive, 
using systematic line 
transect. 

Ezeliel et al. 2024  Assessing 
aboveground 
biomass and carbon 
stock content with 
emphasis on the 
seven most abundant 
tree species within 
the reserve 

Tree biomass and 
carbon content 
sequestered by 
indigenous tree 
species 

Forest Reserve in Edo 
State 

Non-destructive 
ground-based 
survey, using 
cluster-nested plots 

Suleiman & 
Anakhu 2023 

Assessing the 
contribution of 
indigenous tree 
species to carbon 
sequestration  

Mapping tree 
aboveground 
biomass and carbon 
using Landsat 8 OLI 
data 

Omo Forest Reserve 
Nigeria 

Systematic line plot 
sampling technique 
using Landsat 8 OLI 
data  

Iveren & Johnson 
2018 

Estimate and 
map tree 
aboveground 
biomass (TAGB) and 
carbon (TAGC) 
within a tropical 
forest in Nigeria 

     
Carbon 
sequestration 
potentials of 
Kpashimi Forest 
Reserve  

Niger state  Destructive and 
allometric equations  

Abdullahi et al. 
2014 

Assessing 
biophysical potential 
for carbon 
sequestration 
quantification in 
Kpashimi Forest 
Reserve 
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Table 2. Forest Cover and Biomass Loss in Nigeria (2012–2022) 
 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 

Primary forest loss (k/ha) 6.06 6.39 9.93 5.32 12.3 17.4 15.2 12.1 14.6 12.1 12.9 

Primary forest extent 
remaining (%) 

97.5 97.2 
 

96.6 96.4 95.7 94.8 94.0 93.4 92.6 91.9 91.3 

Tree cover and biomass loss 
(k/ha) 

35.0 43.4 68.6 40.9 72.2 171 120 86.9 99.2 97.2 106 

Percentage of tree cover (%)  0.35 0.43 0.68 0.41 0.72 1.7 1.2 0.86 0.99 0.97 1.1 

Source: GFW (2023) 

 
Table 3. Dominant driver of Temporary and Permanent Tree Biomass loss in Nigeria 
between 2012 and 2022 

 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 

Total Forested Area 
(ha) 

502 818 926 380 337 789 476 241 149 368 253 

Shifting Agriculture 
(k/ha) 

29.2 36.7 60.1 35.9 65.0 152 107 79.5 89.2 87.8 95.1 

Urbanization (k/ha) 4.31 3.89 4.37 2.66 3.55 13.1 8.25 5.21 6.76 6.10 6.25 
Commodity Driven 
Deforestation (ha) 

864 1.85 3.05 1.92 3.16 5.05 3.67 1.87 2.83 2.72 4.40 

Source: GFW (2023) 
 
 

 
Figure 2. Forest Cover and Biomass loss in Nigeria between 2012 and 2022  
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Figure 3. Temporary and Permanent Tree Biomass loss in Nigeria between 2012 and 2022 

 
Biomass and Carbon Stocks Composition per State in Nigerian Forest Vegetation 
Biomass and carbon stocks in forest vegetation are critical components of the global carbon 
cycle, playing a vital role in mitigating climate change by sequestering atmospheric carbon 
dioxide (CO₂) (Céline et al., 2022). Forest ecosystems act as significant carbon sinks, and their 
capacity to store carbon varies greatly depending on the type of vegetation, forest 
management practices, and environmental conditions (Odiwe et al., 2017). In Nigeria, a 
country with diverse ecological zones ranging from mangroves in the coastal areas to 
rainforests and savannahs, understanding the spatial distribution of biomass and carbon 
stocks is essential for developing effective conservation strategies and climate action plans.  
 
Recent studies have highlighted the importance of assessing biomass and carbon stocks at the 
state level in Nigeria to account for the heterogeneity in forest types and land use practices 
(Agbor et al., 2021; Ige & Silas 2022; and Abatzoglou & Williams, 2016). For instance, forests 
in Cross River State, which harbor some of the last remaining rainforests in Nigeria, have been 
reported to contain significantly higher biomass and carbon stocks (1,800,000 tC/ha) 
compared to savannah regions like Kaduna State (500 Kha) in 2022 (Udo et al., 2022). Similarly, 
the mangrove forests in Lagos State are recognized for their high carbon sequestration 
potential, despite the ongoing threats from urbanization and land conversion (Adeyemi & 
Bako, 2023). 
 
The composition of biomass and carbon stocks in Nigerian forests is influenced by various 
factors, including species diversity, forest density, and human activities such as logging, 
agriculture, and urban development. In Ondo State, for example, tropical moist forests have 
shown substantial biomass, but recent deforestation for agricultural expansion has led to a 
decline in carbon storage capacity (Ogunleye et al., 2021). These variations underscore the 
need for region-specific data to inform forest management and conservation efforts. 
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Understanding the biomass and carbon stocks composition at the state level not only provides 
insights into the carbon sequestration potential of different regions but also helps in 
identifying priority areas for conservation. The significant differences in carbon stocks across 
states, driven by both natural and anthropogenic factors, highlight the importance of tailored 
conservation policies that address the specific challenges and opportunities within each state. 
Moreover, such assessments are crucial for Nigeria’s contributions to international climate 
agreements, such as the Paris Agreement, which emphasizes the role of forests in achieving 
global carbon reduction targets (Nwosu & Akinlabi, 2020). 
 
The study of biomass and carbon stocks composition per state in Nigerian forest vegetation 
as shown in Table 4, is critical for understanding the country’s role in global carbon dynamics 
and for developing effective conservation strategies (Alkama, & Cescatti, 2016). Studies in 
Lagos have focused on the mangrove forests, which are significant carbon reservoirs. 
Estimates show that the mangrove forests in Lagos can store up to 200 Mg C/ha (Megagrams 
of Carbon per hectare). The high carbon stock in Lagos' mangroves underlines the importance 
of preserving these ecosystems, which are threatened by urbanization and industrial 
activities. 
 
Cross River State, home to a large portion of Nigeria’s rainforest, has the highest carbon stocks 
in the country (Ajayi & Adie, 2018). The above-ground biomass in Cross River's forests ranges 
from 350 to 400 Mg C/ha, with significant contributions from high-density tree species. The 
vast carbon storage capacity in Cross River highlights its critical role in national and global 
carbon budgets, emphasizing the need for stringent conservation efforts. 
 
In Ondo State, the estimated AGC stock in tropical moist forests ranges from 150 to 250 Mg 
C/ha. Studies also noted the impact of agricultural expansion on reducing forest cover and, 
consequently, carbon stocks. The findings suggest the necessity for balancing agricultural 
development with sustainable forestry practices to maintain carbon sequestration potential. 
 
In the savannah forests of Kaduna, carbon stock estimations are lower compared to rainforest 
regions, with values around 80 to 150 Mg C/ha (Ogunleye et al., 2021). This lower value is 
attributed to the sparser vegetation typical of savannah ecosystems (Chave et al., 2014). While 
savannah forests store less carbon, they are still vital to the overall carbon budget and require 
sustainable management to prevent further degradation. 
 
Ekiti State's secondary forests and fallow lands show AGC stocks ranging from 100 to 180 Mg 
C/ha. The carbon stock is lower compared to primary forests, due to past logging activities 
and land use changes. Restoration of degraded lands and afforestation projects are necessary 
to enhance carbon stocks in Ekiti State. 
 
The AGC stocks in Enugu's forests vary widely depending on land use and vegetation type, 
with estimates between 120 and 200 Mg C/ha. Forest reserves in Enugu are particularly noted 
for their higher carbon sequestration. Effective management of forest reserves could 
significantly improve carbon sequestration and contribute to climate change mitigation. 
 
This study reveals significant spatial variability in above-ground carbon stocks across 
Nigeria’s states, largely influenced by vegetation types, forest management practices, and 
land use changes. Results in Table 4 below shows that rainforest regions like Cross River and 
Lagos exhibit the highest carbon stocks, while savannah and degraded forests show lower 
values. The findings underscore the need for targeted conservation policies, especially in high 
carbon stock areas. Preservation of existing forests, afforestation, and reforestation projects 
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are essential for enhancing Nigeria’s carbon sequestration potential. Additionally, integrating 
carbon stock data into national environmental policies could strengthen Nigeria’s 
commitment to global climate agreements. 
 
Table 4. Tree Cover loss and Carbon Stocks Composition per State in respective 
Vegetation Zones in Nigeria 

Vegetation Zone State/FCT  Tree Cover Loss 

(2010) Kha  

Tree Cover 

Loss (2022) 

Kha 

Carbon Stocks 

(2010) tC/ha 

Carbon 

Stocks 

(2022) tC/ha 

 Abia  12,500  10,000  1,200,000  1,000,000 

 Anambra 8,000 6,000 800,000 600,000 

 Enugu 8,500 6,500  850,000 650,000 

 Ogun 11,000 8,500 1,100,000 850,000 

Rain Forest Vegetation Ondo 15,000 12,000 1,500,000 1,200,000 

 Osun 8,000 6,000 800,000 600,000 

 Oyo 10,000 7,500 1,000,000 750,000 

 Plateau 6,500 5,000 650,000 500,000 

 Taraba 12,500 10,000 1,250,000 1,000,000 

      

 Akwa Ibom 15,000 12,000 1,500,000 1,300,000 

 Bayelsa 18,000  16,000 1,800,000 1,600,000 

Mangrove Swamp 

Vegetation 

Delta 14,000 11,000 1,400,000 1,100,000 

 Imo 11,000 9,000 1,100,000 900,000 

 Rivers 18,000 15,000 1,800,000 1,500,000 

      

Sahel Savanna Borno 4,000 3,000 400,000 300,000 

 Yobe 2,500 1,500 250,000 150,000 

      

 Jigawa 3,000 2,000 300,000 200,000 

Sudan Savanna Kano 2,500 1,500 250,000 150,000 

 Katsina 2,000 1,000 200,000 100,000 

 Kebbi 3,500 2,500 350,000 250,000 

 Sokoto 3,000 2,000 300,000 200,000 

 Zamfara 4,000 3,000 400,000 300,000 

      

 Adamawa 10,000 8,000 900,000 700,000 

 Benue 7,000 5,500 750,000 550,000 

 Bauchi 5,000 4,000 500,000 400,000 

 Ebonyi 6,000 4,500 600,000 450,000 

Guinea Savanna Ekiti 10,500 8,500 1,050,000 850,000 

 Gombe 4,500 3,500 450,000 350,000 

 Nasarawa 6,000 4,500 600,000 450,000 

 Niger 9,000 7,000 900,000 700,000 

 Kaduna 6,500 5,000 650,000 500,000 

 Kogi 12,000 10,500 1,200,000 1,050,000 

 Kwara 7,000 5,500 700,000 550,000 

      

Freshwater Swamp 

Forest 

Edo 9,000 7,500 900,000 750,000 

 Lagos 3,000 1,500 300,000 150,000 

 Cross River 20,000 18,000 2,000,000 1,800,000 

Source: Global Forest Watch (2022); Suleiman & Anakhu (2023) 
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Future Research Directions and Conclusion 
Future research should focus on improving the accuracy of carbon stock estimations through 
advanced remote sensing technologies and long-term monitoring. Moreover, expanding 
studies to include soil carbon stocks and below-ground biomass will provide a more 
comprehensive understanding of carbon storage in Nigerian forests. 
 
In conclusion, the accurate estimation and monitoring of above-ground carbon stocks are 
crucial for climate change mitigation strategies in Nigeria. This review highlights the 
significant carbon sequestration potential in Nigerian forests, emphasizing the need for 
continued research, conservation, and sustainable management practices to maintain and 
enhance this critical ecosystem service. 
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