
                                                                                                                  e-ISSN: 2582-5208 
International Research Journal  of  Modernization in Engineering  Technology  and  Science 

( Peer-Reviewed, Open Access, Fully Refereed International Journal ) 

Volume:03/Issue:09/September-2021             Impact Factor- 6.752                 www.irjmets.com    

www.irjmets.com                              @International Research Journal of Modernization in Engineering, Technology and Science 

 [90] 

A REVIEW OF RECENT ADVANCEMENT IN USING GEO-SPATIAL METHODS 

TO ESTIMATE ABOVE GROUND BIOMASS PRODUCTION AND CARBON 

SEQUESTRATION IN SUB-SAHARA AFRICA 

Kamal Murtala Farouq*1 
*1Faculty Of Agricultural Sciences, Vivekananda Global University; Jaipur (Rajasthan) India. 

ABSTRACT 

Terrestrial carbon stock and above ground biomass production can be estimated easily by integrating remote 

sensing and geographical information system which is cost effective and timely wise across wide region. 

However, this research has mostly done in developed countries but incorporation of this approach in Sub-

Sahara Africa is limited base on the literature reviewed and as such the quantitative data on Above Ground 

Biomass, carbon sequestration is still a problem. The Review emphasizes the need for more research to fill in 

the gaps and overcome the limits of these new carbon management approaches, looks at standard 

methodologies and shows where they fall short. It’s also explained carbon credit, geo-engineering merits and 

demerits towards its significant to global warming which was also a suggestion for this review, it’s also  

examines a variety of remote sensing-related strategies utilized in carbon stock evaluation, Finally secondary 

data from Elsiveir; MDPI; Springer; Google Scholar has been used for the review. 
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I. INTRODUCTION 

Sub-Saharan Africa comprises southern countries [1]. While Sudan is excluded by the United Nations geo-

scheme, although members of the Arab League are also regarded geographically part of sub-Saharan Africa [2]. 

However; Late professor Herbert Ekwe-Ekwe has challenged the term "sub-Saharan as a racist word since the 

geographical conference believe the phrase "inferiority's linguistic condo" to be a sub specific prefix, which they 

claim to be a linguistic remnant of European colonialism [2] 

However, Carbon sequestration  is the process by which plants absorb CO2 from the environment and store in 

its biomass [3], it has been stated clearly by [4] Unbalanced utilization of fertilizers, cessation of traditional 

methods such as fossil-fuel burning, cultivation residue, excessive tillage and pudding for rice farming are the 

causes of climate change. It is highlighted that short  rotation forestry and agroforestry have the ability to 

promote climatic and economic advantages, and they are regarded as the best "no regrets" strategies for 

helping communities adapt and become resilient to climate change consequences.[5] 

However, current global greenhouse gas (GHG) emissions are expected to be 10 Pg (Pg = Petagram, 1 Pg=1015 

68 69 g) carbon (C) Per year with India ranked to be third prior to China and USA [6]. According to the 

Integrated Biosphere Simulator model (IBIS), in the A2 (740 ppm CO2) scenario, 39% of forest grids in India 

would see plant type change, while 34% will not. By the end of the century, the B2 scenario (575 ppm CO2) will 

have been realized. In many cases, States with a lot of trees,  are expected to undergo transformation [7]. 

 It is has been noticed that Trees, seas, soil, and living organic substances all play a role in carbon sequestration  

[8]. Furthermore; Forest biomass stores the majority of carbon sequestered on land [9]. The total quantity of 

aboveground living organic matter in trees represented as oven-dry tonnes per unit area is a measure of forest 

biomass [10]. Estimating biomass is a difficult undertaking, particularly in developing nations. However, 

“despite their significance to society and extreme susceptibility to climate change”, sub-Saharan African 

regions, particularly dry regions, have received less attention in recent decades. More than two billion people 

rely on their ecosystem services, which include major agricultural production and fodder for wildlife and 

domestic cattle [11]. 

Monitoring carbon has been recognized by The Paris Agreement, which was signed by 197 countries and 

approved by 189 countries [12]. Forests can help overcome global climate change by acting as both carbon 

sources and sinks [13]. Carbon credit can be obtain as a results of land use planning project which converts it to 

forest and helps in greenhouse gas reduction [14]. 
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Natural resource management and biomass evaluation have recently been subjected to geospatial technology 

processes [15]. Remote sensing can collect biomass data from a vast area  [16]. Numerous researches have 

explored and tested various techniques and sensors so far example as radar and many more. Finally secondary 

from Elsiveir; IEEE; Springer; Google Scholar; SAGE; Web science, Taylor and Francis, has been used for the 

review. 

1.1 IMPACT OF CARBON CREDIT  

A carbon credit is one metric tonne of carbon released by the combustion of fossil fuels, as specified by the 

Kyoto Protocol. Companies are given a set amount of "credits" that they can utilize over time. If a corporation is 

given 10 credits and only uses 10 of them, it can sell the remaining credits on the market. Carbon credits help 

underdeveloped countries achieve sustainable development while also lowering the expenses of industrialized 

countries reaching their emission reduction goals. 

Table 1: Global warming potential: 25,000 times that of Co2 (19) 

 

1.2        Advantage and Disadvantage of Geo-Engineering towards Global Warming 

In February 2009, 313 silver iodide sticks were launched into the skies over Beijing by a regional 

meteorological department in northeastern China. The initiative, which was intended to address the country's 

worst drought in over four decades, resulted in heavy snowfall and the shutdown of 12 motorways [17]. 

Scientists and policymakers have looked at new strategies to lower greenhouse gas (GHG) concentrations in the 

atmosphere and reduce their impact on the climate as climate change [18]. Geoengineering is a wide concept 

that covers a variety of technologies that may be divided into two categories: Management of CDR and solar 

radiation [19]. CDR technologies attempt to remove carbon dioxide from the atmosphere, thus producing 

"negative emissions," in order to reduce greenhouse gas concentrations in the atmosphere and minimize global 

warming. SRM methods attempt to reflect incoming sunlight away from the Earth using clouds or other 

reflective materials, minimizing atmospheric warming. Many climate experts see both forms of geoengineering 

as a possible diversion of resources away from emissions-reduction efforts [20]. 

Table 2: Carbon dioxide removal technology [21]. 

Geoengineering 

technology 

Technical 

Readness 

Cost Magnitude 

(in U.S dollars) 

Time scale Secondary Effects 

Large-scale 

reforestation or 

afforestation focuses 

on conserving 

forests and 

jungles,as well as 

large –scale planting 

of non-forested areas 

High $100 billion (for 

1 gigationof 

carbon {GTCa] 

Decades Increase fertilization 

and irrigation risk 

water pollution, 

nutrein runoff, and 

depletion of fresh 

water, microclimate 

alterations; unequal 

land –use burden on 

well- forested areas, 

likely developing 

countreis 

Bioenergy with Medium Trillion (for About a decade Emit Co2 via 
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carbon capture and 

storage captures Co2  

released from 

bioenergy 

applications(e.g., 

biofuels, biomass 

burning) and store in 

geological 

formations 

underground 

100Gtc) bioenergy processes 

and Co2 capture; 

land-rightsconflict 

from higher demand 

for agricultural land 

ad fertilization; 

microseismicity; 

disposal of captured 

CO2 is a concern 

Direct air capture 

pulls CO2 out of the 

air via chemical or 

electrochemical 

means 

Medium Trillion (for 

100Gtc) 

About a decade Scaling up process 

requires large 

amounts of energy 

and water; threats 

of toxicity of 

chemicals; disposal 

of captured CO2 is a 

concern 

Ocean iron 

fertilization adds 

iron into the ocean to 

increase 

phytoplankton, 

which store CO2 from 

the atmosphere 

Low /medium 10 billion (for 

100GtC) 

1-5 years Surface cooling 

and/or sea surface 

temperature 

increase; ozone 

depletion; 

potentially produce 

other GHGs, such as 

nitrogen oxide 

(NOx); ecosystem 

distruption with 

ocean acidification, 

algal blooms, and 

ocean oxygen 

depletion; causing 

loss if ocean life 

II. GEOPOLITICAL RISKS OF GEOENGINEERING 

Importantly, the development and execution of geoengineering is an issue of geopolitics as well as scientific and 

engineering progress. International geopolitical factors, as well as state-level internal political dynamics, have a 

considerable impact on how countries respond to climate change, including how they perceive geoengineering 

[22].  According to experts, these responses might potentially lead to international tensions, conflict, and 

eventually war [23]. 

III. TRADITIONAL METHOD OF ESTIMATING CARBON SEQUESTRATION 

There are two approaches for assessing carbon sequestration from plants: destructive and non-destructive. The 

Allometric equation, remote sensing, and GIS are examples of non-destructive approaches. However, combining 

RS and GIS is the best method for estimating carbon sequestration. Meanwhile, the destructive method 

produces correct results, but it is time-consuming, cost, deforestation and causes calamities such as global 

warming [24].  

3.1 ALLOMETRIC EQUATION 

The “Allometric equation is a statistical model for estimating the biomass of trees based on their biometrical 

features (e.g., height, DBH, or crown size), which are straightforward to quantify” [25]. Model selection [26] 
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determines the amount of accuracy. Therefore No any number of trees has been authorized to destruct in 

allometric equation construction[27].14 and 15 trees has been utilized by Russell [28] and Deans et al.[29], 

“while Brown et al. [30] and Khalid et al. [31], utilized just 8 and 10 trees to make Allometric” equation, study 

shown that Allometric equations with a small sample size (10) are biased [32]. Furthermore, for diverse plant 

species, several Allometric equations have been constructed. The GlobeAllomeTree database, for example, 

comprises over “706 equations from Europe, 2843 equations from North America, and 1058 equations from 

Africa “ [33]. 

IV. GEO-SPATIAL APPROACH FOR ESTIMATING ABOVE GROUND BIOMASS 

Above ground biomass and structure of vegetation are collected using remote sensing  on a broad scale [34]. 

But spectral similarities make some plants indistinguishable therefore High spectral resolution (e.g., 

hyperspectral) should be considered since it aids in the resolution of such inconsistencies and improves the 

quality of the maps produced [35]. 

Table 3: Remote sensing optical commonly used for Above ground biomass estimation [8]. 

Sensor Type Band Spatial 

resolution(m) 

Temporal 

resolution 

Swath 

(km) 

Cost 

AVHRR Multispectral 5 bands 

(RedIR, 

AND 3 

Thermal 

IR) 

1100 12hr 2500 Free 

MODIS Multispectral 36 bands 

(from blue 

to Thermal 

IR) 

250,500 and 

1000 

1-2 days 2330 Free 

SPOT VEG Multispectral 4 Band 

s(blue, red 

and SWIR) 

100 1 day 2250 Free 

TM Multispectral 7 bands (3 

VIS, 3IR 

and 

Thermal 

IR) 

30 and 120 16 days 185 Free 

ETM+ Multispectral 9 bands 

(3VIS, 3IR 

and 2 

Thermal IR 

and 1PAN) 

15, 30and 60 26 days 60 Free 

SPOT Multispectral 4 BANDS 

(2vis, 1 NIR 

and 1 PAN) 

5,10 and 20 16 days 60 Commercial 

Landsat 8 

OLI 

Multispectral 11 bands 

(1 Ultra, 3 

VIS, 3 IR, 1 

Cirrus, 2 

Thermal 

IR, AND 1 

15, 30 and 100 5-24 days 185 Free 
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PAN) 

LISS-

111(IRS) 

Multispectral 5 bands (2 

VIS, 2 IR, 

and  1 PAN) 

53,23 and 50 5-10 days 142 Commercial 

Sentinel-2 Multispectral 13  bands 

(4 VIS,6 

NIR 3 

SWIR) 

10, 20 and 60 3 days 290 Free 

IKONOS Multispectral 5 bands (3 

VIS, 1 , IR 

and 1 PAN) 

1 and 4 3 days 11 Commercial 

World 

View2 

Multispectral 9 bands (6  

VIS,2 IR, 1 

PAN 

1.84 and 0.46 3 days 16 commercial 

Quickbrd Multispectral 5 band (4 

bands and 

1 pan) 

0.61 and 2.44 Airborne 16 commercial 

HyMap Hyperspectral 126 bands 2-10 Airborne 2.3and 4.6 commercial 

AVIRIS Hyperspectral 224 bands 

( from VIS 

to MIR) 

2.5 to 20  1.9 and 11 commercial 

4.1 REMOTE SENSING-BASED METHODS 

Varied methodologies and sensors have been adopted and tested in multiple researches to investigate the 

possibility of remote sensor -based technologies to give information of biomass in various situations. A number 

of approaches have been performed to measure AGB using optical, RADAR, and LiDAR data [36]. AGB research 

utilizing geospatial technology may be classified into multiple categories based on the amount of 

methodological complexity, with varying levels of depth and accuracy. However, vegetation indices (VIs), can 

enhance biomass forecast accuracy [37]. The “advanced machine learning algorithms methods and/or other 

state-of-the-art processing techniques can reveal important information about the spatial and temporal 

biomass patterns by determining relationships between field measurements and RS data, especially over large 

areas” [38]. Combining remote sensing and geostatistics in biomass estimation is the fit model compared to 

stepwise linear regression model [39]. 

It is important to note that biophysical predictors such as diameter at breast height, total height, crown 

diameter are use to estimate biomass [40]. . 

V. REMOTE SENSING AND GEOGRAPHICAL INFORMATION SYSTEM 

INTEGRATION APPROACH (RS-GIS) 

Spatial data analysis and map production can be utilized using remote sensing – geographical information 

system integration, this help to get accurate and efficient results RS data are utilized  [41]. Geospatial modeling 

is a promising tool for studying the current status of carbon sequestration and its future dynamics; it has the 

potential to solve ecological assessment difficulties. Furthermore, as previously indicated, integrating RS data 

into GIS models allows for the inclusion of supplementary and field data (soil, climate, topography, etc.) in the 

analysis, boosDifferent GIS-based AGB estimate techniques, for example, incorporate additional data models 

including “digital terrain models (DTM), rainfall models, canopy height models,  forest and regression 

scattering models” [42]. Landsat data has been effectively improved using remote sensing approach [43]. The 

results suggest that combining RS and spatial analysis capabilities in a GIS may boost total classification 
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accuracy from 50.12% to 74.38 percent [44]. Furthermore, the use of multiple sensors and GIS-based models is 

becoming more widespread, with 12.3 percent and 12.8 percent of the examined research, respectively. 

 

Figure1: Geo-spatial technology for estimating AGB in arid and semi-arid last (two-decades) 

VI. GEOSPATIAL METHODS: VALUES, GAPS, LIMITATIONS, AND ACCURACY 

Remote sensing has proven to be efficient in terms of time and money saving, but it cannot achieve its goal 

without more field and data measurements [13]. However, when using remote sensing in the research the 

amount of fieldwork required is directly reduced. This should not lead to the abandoning of traditional AGB 

estimation approaches, but rather to the application of geospatial technology advantages to accelerate and 

improve current procedures s through process integration and modeling [45]. Geospatial technology can be a 

modern replacement to earlier AGB prediction approaches and will continue to be developed but have limits 

and drawbacks in terms of cost, availability of the technology more especially in sub Saharan Africa and 

technical know-how. 

LIMITATIONS OF GEO-SPATIAL METHODS FOR ESTIMATING ABOVE GROUND BIOMASS 

Costs and management of the machines such as (drones and computers) are obstacles to this approach, access 

to learn this technology is too expensive and the expertise to this technology should update themselves 

regularly because RS and GIS are recent advancement. 

VII. CONCLUSION 

Geospatial technology is a modern replacement to earlier AGB prediction method and will be continue to 

develop and limit ecosystem destruction.   Moreover, the types of equipment and platforms that are used to 

assess carbon inventories remotely and regularly across wide areas differ significantly. Yet, these issues might 

be overcome and addressed via a choice of sensor alternatives as well as other novel ways, reducing the 

restrictions that come with size, cost, and related mistakes and uncertainties. Furthermore, the most accurate 

RS data is high-resolution RS data, but access to learn this technology is too expensive and the expertise to the 

technology should update themselves regularly because the technology is newly introduced. Land sat as a 
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moderate –resolution proven to give accuracy in calculating AGB and carbon stock. Based on the overall 

reviewed field measurement, RS-GIS give best possible. 
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