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In the modern era of industrial revolution, urbanization, and deforestation of forest
land, carbon (C) sequestration through well-known activities called “land use, land-use
change and forestry (LULUCF)” could establish a win-win situation from a climate change
and sustainable development perspective [1]. Equally important are the socio-economic co-
benefits of C sequestration, given their implications on properly designed policies especially
on restoration and/or conservation of forests located in the tropical eco-regions. Further, the
huge contribution of C sequestered in the vegetation and its underlain soil helps to protect
socio-economic damages from climate change [2]. The literature suggests that a spatial
relationship between types of vegetation, C sequestration, and its dynamics are urgently
needed to estimate their socio-economic benefits [3]. However, it is crucial to design
this activity for environmentalists, foresters, policymakers, etc., due to the inadequate
availability of data, the methodologies used to predict the baseline values of C stocks, and
the inadequate facilities used to assess the broader environmental and socio-economic
effects. These key challenges are robust and need to be integrated with livelihood costs,
benefits, and carbon trade-offs [4].

In the past two decades, the Himalayas are vulnerable to LULC change and climate
change, from both ecological and socio-economic perspectives [2,5]. In the scientific frater-
nity, numerous efforts have been carried out to increase the C storage, particularly in the
Himalayan range. However, the presence of vegetation biomass and its underlying soils
is beneficial for ecosystem functions and services, assisting in the provision of adaptation
and maintenance of natural resource-based livelihoods [6]. The planned adaptation can
reduce the impacts of climate change and further overcome the risk of key vulnerability
but is found to be scarce or costly [7]. Mitigation measures to reduce greenhouse gas
(GHG; particularly CO,, N,O, and CHjy) emissions in advance will diminish the potential
risk associated with most key vulnerabilities [8]. Usually, soil enriched with soil organic
carbon (SOC) could help to improve the soil’s structure, fertility and ecosystem services,
ecological health, and water-holding capacity [9]. The decomposition of organic matter
(OM) by microbes (aerobically and/or anaerobically) provides direct benefits through the
biogeochemical cycle and maintains the fertility status of the soil [10]. Proper land-use
management practices, when adopted in advance, could increase the carbon stock (vegeta-
tion and soil) and further help with climate change mitigation. However, a trade-off exists
as, to realize the benefits to livelihood and ecosystem services that can be derived from
SOC, it must be depleted through extensive crop production resulting from a net release of
carbon dioxide [11]. Additionally, the trade-offs between these goals must be identified.
These represent key challenges in the modern era [12].
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Generally, carbon enters the terrestrial ecosystem by the process of photosynthesis in
green plants, which assimilate carbon dioxide (CO,) and fix into organic forms, such as
SOC and inorganic carbon (SIC) pools, before subsequently returning to the atmosphere [5].
All these activities depend on the fertility status of the soil, its climate, and its management
operations [2,11]. Carbon sequestered in soil systems is determined based on: (i) the input
rate of OM and its decomposition rate; (ii) the physical protection of either intra-aggregate
and/or organo-mineral complexes; and (iii) the soil depths at which the organic carbon
(OC) is placed. The carbon of plants in the SOC pool enters either through above-ground
litter or root material and is further consumed by herbivores and their excreta. It then enters
into the SOC pool. Further, fragments of plants change into small particulate OM fractions
in the soil. The literature revealed that a large proportion of the carbon that enters the soil
through various sources returns to the atmosphere through the respiration activities [13]
carried out by both microbes and root systems (CO, efflux falling in the range of from
16 to 95%). Trumbore [14] stated that assessments of autotrophic and/or heterotrophic
respiration in the soil system are difficult. Apart from this, Ghosh and Maiti [15] carried
out work on coal mining and its vicinity and suggested that open-cast coal mining usually
caused a complete loss of C-sink potential due to the destruction of vegetation and soil
systems, and thus increased C sequestration potential by restoring the mine spoils area.
The mechanism of afforestation activities is widely accepted.

In general, global carbon (C) is categorized into five large pools, where biotic carbon
(550 Pg; Pg denotes petagram = 10'° g) contributes the minimum share [16], followed by
atmospheric (800 Pg), soil-based (950 Pg in SIC and 2,460 Pg in SOC), geologic carbon
(5000 Pg), and maximum by oceanic carbon (38,000 Pg) [17]. It is estimated that annually
9 Pg of carbon is released into the atmosphere due to industrial activity and the burning
of fossil fuels. Similarly, about 1.5 Pg C was released due to changes in land use and
deforestation [18]. However, each year, 60 Pg C is exchanged between terrestrial ecosys-
tems and the atmosphere, which will become important in the next few decades, allowing
one to buy time while new C-saving, -capture, and -sequestration technologies are being
developed [19]. In the global context, soils contain 1500 Pg of SOC at depths of up to
1 m, which is two times that of atmospheric carbon. It is also estimated that 160 Pg of
OC is stored in the soils of agricultural croplands worldwide [20]. In a meta-analysis, the
long-term use of native forest and pastureland for agricultural productions usually reduced
SOC stocks to 42% and 59%, respectively. It is also suggested that if improved agricultural
management practices are adopted, world agricultural soils have the potential to sequester
C from 0.4-0.8 Pg per year. These improved management practices in agriculture, such as a
conversion to permanent pasture, crop rotation, and fertilizer application, usually increase
Cin soil [21]. The soil organic matter (SOM) retained by grassland is usually influenced by
various management practices, which further impacted the rate of carbon sequestration.
Guo and Gifford [22], in their meta-analysis study, suggested that the conversion of crop-
land to pasture increases 30% of the soil carbon. Conversely, the conversion of arable land
through grassland decreases the soil C amount by close to 60% [22]. Other management
practices, such as increased forage production, irrigation, the use of fertilization, the sowing
of grasses and legumes, and introducing earthworms, also drastically increase SOM and
change the environmental chemistry [21].

The CO; concentration in the atmosphere exceeded the pre-industrial period by ~40%,
and forests, agricultural crops, soil, and water bodies play an important role in reducing
its level, behaving as major carbon sinks [2,8,11]. Furthermore, numerous innovative
approaches have been implemented, proposed, and formulated in the recent past to mit-
igate the effects of excessive GHG emissions on global climate change. Reforestation
through the conversion of non-forest lands to forest land is undoubtedly an important
dimension of C sequestration. Recently, C sequestration in the terrestrial ecosystems is
an important clean development mechanism (CDM) and a long-lasting solution to the
mitigation and management of GHG emissions. The impact of socio-economic factors, such
as a rapid increase in population and economic growth, changing lifestyle, a change in
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LULC, and various environmental policies, are important driving forces for future climate
change [23,24]. Reducing CO; in particular and other major GHG is considered the most
pressing environmental challenge [17]. As the United States is a signatory of the United
Nations Framework Convention on Climate Change (UNFCCC), it is actively involved in
finding the key solutions to the problems created by climate change.

It is evident from the literature that very few studies have been conducted on the carbon
dynamics, rate of C sequestration in the terrestrial ecosystem, and its medium-/long-term
impact on socio-economics and livelihoods. Although filling these gaps in the research is
an urgent task for sustainable environmental management, further state-of-the-art studies
on C sequestration and its dynamics (sink and/or source) combining soil sciences, forestry,
agriculture and their impact on socio-economics are missing. The present Special Issue
explores the C sequestration of vegetation and its underlying soil, deforestation, as well
as its impact on climate change, a vulnerability risk assessment for the climate, socio-
economic impacts, and the mitigation of future climate impact strategies. The theme
of the Special Issue extends across environmental policy (e.g., the Paris Agreement and
REDD+), C sequestration in the terrestrial ecosystems, the applicability of land use, and
the C credit generated at regional and global scales. This Special Issue is highly useful
for environmentalists, hydrologists, soil scientists, and policymakers to understand the C
sequestration potential of the vegetation and underlying soil in the terrestrial ecosystems
at the regional, national and global scale to further study the long-term impacts on socio-
economic development resulting from its implementation via climate change modeling.
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