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Abstract: This review paper aims to compile relevant information on the potential of biodiversity conservation in climate 

change mitigation. The global climate change is the result of the concentration of greenhouse gases: dominantly of carbon 

dioxide, methane and nitrous oxide emitted into the atmosphere. The root causes for these emissions are the natural 

phenomenon and human-induced activity in which high pressure poses on the environment from human-driven. Evidence from 

previous study indicates that biodiversity components are widely influenced under climate change and at the same time, the 

conservation of biodiversity potentially mitigates the effect of the global climate change. As a result, there is a beneficial and 

adverse effect type of co-existence of two ecological components (i.e. the living and non-living) in this interaction. 

Biodiversity has the potential to mitigate climate change as they reduce and stabilize atmospheric greenhouse gas 

concentrations. Thus, in such mitigation process, Forestry and Agricultural practices contribute a lion's share based on their 

potential to absorb and store carbon from the atmosphere, reduce deforestation and biodiversity degradation, and provide bio-

energy products that substitute for fossil energy. Therefore, the global community should be needed to done in collaboration on 

biodiversity conservation to improve climate change mitigation potential of biological diversity. 
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1. Introduction 

The world greenhouse gas (GHG) emissions have roughly 

doubled since the early 1970s and could rise by over 70% 

during 2008-2050. The critical increment observed and will 

be predicted is the result of power generation (26%), industry 

intensification (19%), transportation service (13%), and 

deforestation and forest degradation (17%) of total emissions 

[1]. However, natural processes and human-induced factors 

are the primary causes for the concentration of GHG, climate 

change, and biodiversity losses respectively [2, 3]. Therefore, 

climate change and biodiversity loss are predicted as the two 

major environmental challenges of the 21
st
 century [4, 5]. 

Moreover, the relationship between biodiversity and climate 

change is both directions type of relationship because of their 

effect-benefit type of two interacting components [6]. 

Climate changes affect biodiversity, and at the same time, 

biodiversity plays a significant role in climate change 

mitigation in addition to other ecosystem services they 

provide [6-8]. For this interaction details, the Convention on 

Biological Diversity has adopted an Ad Hoc Technical Expert 

Group (AHTEG) on Biodiversity and Climate Change in 

2001. The technical group clarifies three important points: 1) 

the possible negative impacts of climate change on 

biodiversity; 2) identify the role of biodiversity in climate 

change mitigation; and 3) identify opportunities for achieving 

climate change and biodiversity co-benefits [9]. 

The Conservation of biodiversity during rapid climate 

change is now a priority of biodiversity for climate change 

mitigation, in addition to other uses [7]. Therefore, climate 

change mitigation through carbon sequestration potential of 

biodiversity has been a high priority in the scientific, 

governmental, and civil society in the last few years [8]. In 

these mitigation processes, the forestry, agriculture, and 

agroforestry sectors play a crucial role as they have the 

potential to stabilize atmospheric CO2 concentrations 

between 450-550 ppm at the end of the 21
st
 century under 

proper management of biodiversity resources [3]. Nabuurs et 

al. report that forest management plays a critical role in 

climate change mitigation through emission reduction and 
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carbon sequestration. He also reports that forest diversity and 

its mitigation potential were under the influence of climate 

change [10]. As per revised literature, little attention was 

given to the investigation of the potential of biodiversity 

component in climate change mitigation in separate from its 

adaptation potential. Therefore, it is mandatory to deal out 

the relationship between climate change and biodiversity, 

impacts of climate change on biodiversity, and the potential 

of biodiversity conservation in climate change mitigation. 

2. The Global Climate Change 

Climate change is a long-term change shift in the statistics 

of the weather as mean temperature and precipitation [11]. 

The atmospheric greenhouse gas (GHG) concentrations 

released from carbon dioxide (CO2), methane (CH4), nitrous 

oxide (N2O), and fluorine compounds such as sulfur 

hexafluoride (SF6), hydrofluorocarbon (HFCs), and 

perfluorocarbon (PFCs) are the root causes for global climate 

change [12]. The global temperature projection predicts an 

increase in global average temperatures between 1.5°C and 

6°C by the end of the present century. This increment is due 

to natural factors such as volcanic eruption, crustal 

movements, changes in rainfall patterns, sea levels, and rates 

of glacial retreat that aggressively accelerated by 

anthropogenic factors from the mean temperatures of bout 

0.7°C since the mid-1800s [13]. 

The emission of global greenhouse gas increases up to 70% 

between 1970 and 2004 due to human activities. For example, 

CO2 emissions have grown at about 80% (28% between 1990 

and 2004) and accounted for 77% of total emissions in 2004. 

Energy supply (145%), transport (120%), industry (65%), 

and emissions from deforestation, biomass burning, decay of 

biomass from logging and deforestation, decay of peat and 

peat fires (40%) are among the main contributors for these 

emissions [6]. The global emissions are still increasing and 

are highly fluctuating environmental conditions which affect 

biodiversity and the whole ecosystem services [2, 13]. The 

IPCC Special Report on Climate Change and Land report 

that Agriculture, Forestry and Other Land Use (AFOLU) 

activities contributed to 13% of CO2, 44% of methane (CH4), 

and 82% of nitrous oxide (N2O) from global GHGs 

emissions by human activities globally, representing 23% 

(12.0+/-3.0 GtCO2eyr
-1

) of total net anthropogenic emissions 

in the year 2007-2016 [14]. 

3. Relationship Between Climate Change 

and Biodiversity 

Climate change and biodiversity are closely interlinked, 

and change in one component will affect the other [15]. 

However, many studies indicate climate change has been one 

of the world's threats to biodiversity, and there is a prediction 

that climate change will be the second most threat to 

biodiversity next to habitat alteration in 2100 [4]. Climate 

change affects biodiversity at all levels of biological 

organization –from organisms to the biome. Climate change 

widely affects genetic variability, species distributions, 

abundance, richness and diversity, reproduction time, 

migration events, and frequency of pest and disease 

outbreaks [16-18]. It also alters the entire ecosystem with all 

biodiversity living there [19]. Again, these effects (i.e. change 

in biodiversity) may also continue to contribute to increases in 

future global climate change. Global climate change affects 

ecosystem functioning and biodiversity and is also stabilized 

by biodiversity resources. For example, the degradation of 

biodiversity can directly reduce the continuous flow of 

ecosystem services and functions such as carbon sequestration 

potential of biodiversity, and further climate change [20]. 

Climate change is a rapidly increases stress on ecosystems by 

enhancing the effects habitat fragmentation, loss and 

conversion, over-exploitation, invasion of alien species, 

disease and pests, and interrupted seasonal cycles and changes 

in human-nature interactions [9, 15, 19]. 

4. Climate Change Mitigation Potential 

of Biodiversity 

Climate change mitigation refers to a measurement 

activities undertaken to control or reduce the concentration of 

atmospheric greenhouse gases through the reduction of 

human-induced emissions or enhancing the absorption 

capacity (sequestration) from the atmosphere [21, 22]. The 

total mitigation potential of biodiversity may depend on 

factors such as emissions levels, availability of technology, 

enforcement, and incentives [21]. According to [20, 23] 

reports, mitigation as an effort made to reduce the negative 

impacts and enhance positive impacts of climate change on 

biodiversity and ecosystem functioning achieved through 

biodiversity conservation, restoration and management for 

the purpose of absorption of carbon in order to reduce the 

emitted atmospheric greenhouse gas. Carbon sequestration, 

enteric fermentation, manure and fertilizer management and 

shifting human dietary trends are also parts of the climate 

mitigation potential [24]. As sub-component of biological 

diversity, agriculture and forestry application is a powerful 

land use practice in achieving the goal of stabilization of 

atmospheric concentrations between 450-550 ppm CO2 at the 

end of 21 century. Such practices include the reduced 

deforestation and degradation of tropical forests (REDD), 

sustainable forest management (SFM) and forest restoration 

(FR), agroforestry, and agricultural soils [3]. The 

Intergovernmental panel for climate change has also reported 

traditional agroforestry as an option land use system to 

reduce emissions and enhance sinks of greenhouse gases [6]. 

4.1. Forest Mitigation Potential 

Forests contain a substantial proportion of the world's 

terrestrial biodiversity. The potential in global carbon cycling 

and reducing the concentration of atmospheric greenhouse 

gas makes this resource unique among the earth’s 

biodiversity [25]. There is past, present and predicted 
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evidence concerning the potential of forest resources in 

climate change mitigation as they sequester carbon and 

provide products substitute fossil fuels and other energy 

sources contributed to the emissions of greenhouse gases 

[26]. In sequestration process, carbon is absorbed and stored 

in leaves, branches, trunks and roots of trees and forest soils. 

On the other hand, unless properly managed, forests are also 

a net source for carbon emissions because of deforestation 

and forest degradation [27]. 

The Secretariat of the Convention on Biological Diversity 

report on Connecting Biodiversity and Climate Change 

Mitigation and Adaptation indicates that forestry land 

reduces emissions and increases carbon sequestration at an 

estimated range from 0.5-4 GtCO2-eq per year [9]. Today, 

loss of biodiversity from deforestation and forest degradation 

could further diminish the ability of forests to provide 

sustainable multiple ecosystem services [25]. The Food and 

Agriculture Organization of the United Nations reports 

forests as climate change mitigation strategies in four major 

categories. These are: reducing emissions from deforestation; 

reducing emissions from forest degradation; enhancing forest 

carbon sinks; and product substitution for fossil fuel and 

other energy-intensive materials [22]. 

Reducing emissions from deforestation and forest 

degradation (REDD+) is an important mechanism to mitigate 

climate change by controlling the release of carbon into the 

atmosphere through maintaining the area under forest cover 

and promoting forest conservation and protection activities 

[22, 28]. REDD
+
 generates substantial funds for developing 

countries that use to reduce forest degradation and restore or 

otherwise improve the management of forests to reduce 

greenhouse gas emissions and increase forest-based carbon 

sequestration. As a result, a net loss of forest area is less than 

a rate of deforestation, and there is decreasing from 7.8 

million ha yr
-1

 in the 1990s to 4.7 million ha yr
-1

 during 

2010-2020 [29]. 

The substitution of forest products for fossil fuel and other 

non-wood products is another mechanism that contributes to 

climate change mitigation. The use of wood to produce 

energy has two opportunities to reduce greenhouse gas 

emissions. These are the use of harvest residue for electrical 

power generation rather than allowing it to accumulate and 

decay on the site, and the substitution of woody biomass for 

fossil fuels [30]. Therefore, the harvested wood products 

have the potential to reduce greenhouse gas emissions 

through direct carbon storage, the substitution of non-

renewable materials, and the increased availability of 

biofuels. According to Johnston and Radelof report, the 

global harvested wood products pool was a net sink of 335 M 

MT C (335 Mt of CO2) in 2015 and it could grow to 441 M 

MT C (441 Mt of CO2) by 2030 [31]. 

4.2. Agriculture Mitigation Potential 

The expansion of agriculture has adverse and beneficial 

effects due to its emission and mitigation potential from the 

climate change perspective. When negatively seen, 

agricultural intensification contributed to land degradation 

and increasing emissions of greenhouse gases [3]. However, 

from a beneficial point of view, the diversity of agricultural 

practice is known by its mitigation potential of greenhouse 

gases. The climate change mitigation potential of agriculture 

is grouped into two major categories. These are carbon 

sequestration in soils and on-farm emissions reductions, and 

displacement of fossil fuels through the production of 

suitable bio-energy products such as ethanol, biogas, and 

methane [21]. 

4.2.1. Carbon Sequestration Potential of Agriculture 

Agricultural management systems greatly determine the 

amount of CO2 emissions to the atmosphere as well as 

sequestered in the soil [32]. For example, [9] reported 

agricultural land emissions reduction and carbon 

sequestration potential estimated to 1-6 GtCO2-eq per year. 

However, this potential is influenced by factors such as 

design and implementation mode of the practice. Agriculture 

enhances carbon sinks through cropland management by zero 

tillage or store carbon to slow the amount of carbon released 

into the atmosphere by burning, tillage, and soil erosion [21]. 

Agriculture also increases organic matter inputs into the soils 

and increases soil organic carbon stocks [33]. In the practice, 

crop residues enhance soil fertility, improve soil structure, 

sequester carbon, and mitigate the greenhouse effect [32]. 

The Intergovernmental Panel on Climate Change projected 

total mitigation potential from agriculture (crop and livestock 

activities), and agroforestry as: 2.3-9.6 GtCO2e.yr
-1

 by 2050 

[14]. Here, agroforestry made the largest contribution to this 

mitigation potential because of the potential to sequester 

carbon in both soil and biomass [33]. 

4.2.2. On-farm Mitigation Potential of Agriculture 

On-farm mitigation potential of agriculture includes 

improved management of the primary sources of greenhouse 

gas emissions in agricultural sectors. These include the 

management of fertilizer application dominated by N2O, 

enteric fermentation dominantly of CH4, livestock manures 

mainly CH4 and N2O, rice cultivation which accounted for 

13%, 40%, 16% and 10% of the greenhouse gas emissions 

from agriculture respectively and burning of surplus 

agricultural products [21, 33]. 

4.2.3. Bio-energy Production 

Bio-energy production is the production of energy from 

biomass in the form of solid, liquid and gaseous fuels for a 

wide range of uses, including transport, heating, electricity 

production, and cooking. This product substitutes the 

utilization of fossil fuel, which is one of the major 

contributors of greenhouse gas. Thus, agro-biodiversity 

mitigates climate change by providing potential substituting 

product to fossil fuels in energy utilization. 

5. Conclusion 

Global climate change is more accelerated due to the 

emissions and concentration of atmospheric greenhouse 

gases such as CO2, CH4, and N2O. The emissions may be 
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natural, anthropogenic, or from both factors. Climate change 

is a global threat to biodiversity conservation. However, the 

relationship between climate change and biodiversity is a 

matter of two sides of the same coin because of their co-

benefits and co-adverse type relationship ecosystem 

processes. Climate change negatively affects biodiversity and 

at the same time, biodiversity also plays a crucial role in the 

stability of climate change variables. Therefore, the 

conservation of biodiversity at different levels including 

forestry, agriculture, and agroforestry sectors play critical 

role in climate change mitigation.  
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