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Abstract

Literature review of effects of climate change on the physical and social envi-
ronment was conducted where impacts at global, regional, national and local
scales were considered. The literature review was based on past studies where
library and online sources covering the past two decades were analyzed. Noted
relevant findings were then critically analyzed and used to develop the article
where the parameters of climate change and effects were identified and dis-
cussed. The review established that the environment is negatively affected by
climate change; a natural climatic phenomenon arising from variation of global
temperatures caused by green-house effect and global warming. Notably, cli-
mate change threatens productivity and sustainability of biotic and abiotic
environments. Climate change is primarily linked to increased anthropogenic
activities that enable Green House Gas (GHG) emission into the atmos-
phere. Climate change leads to extreme climatic events such as heat stress,
drought stress, water stress and hazardous atmospheric circulation and flood-
ing causing significant impacts on the environment. Climate change leads
to reduction in economic productivity of agronomic systems, increasing nat-
ural resources vulnerability levels and degradation of the ecosystem reduc-
ing its productivity and biotic sustainability. The paper identified the know-
ledge gaps in the quantification of the impact of anthropogenic driven cli-
mate change on the environment and mitigation strategies upon which cli-
mate change experts can potentially prioritize future research for relevant poli-
cy development.

Subject Areas

Aerography

Keywords

Climate Change, Global Warming, Green-House Effect

DOI: 10.4236/0alib.1107751

Feb. 15, 2022 1

Open Access Library Journal


https://doi.org/10.4236/oalib.1107751
http://www.oalib.com/journal
https://doi.org/10.4236/oalib.1107751
http://creativecommons.org/licenses/by/4.0/

J. H. Ondiko et al.

1. Introduction

Climate change is the alteration in statistical and climatic properties such as pre-
cipitation, temperature, wind patterns and humidity over an elongated period of
time, arising from natural events and anthropogenic activities [1]. Even though
the atmosphere can also be heated through natural activities such as solar radia-
tion and volcanicity [2], this study was restricted to the anthropogenic activities
that influence climate change and the impact of the events. Anthropogenic activ-
ities such as industrialization, motorized transportation and mechanized farm-
ing are the principal sources of GHGs which cause climate change leading to loss
of biodiversity [3] [4]. The rapidly increasing global population has also caused a
large strain on natural, economic and human resources where increased demand
for goods and services has equally increased. The production of these goods and
provision of the services result in increased atmospheric pollution from GHGs.
Release of GHGs such as carbon dioxide (CO,), methane (CH,), nitrous oxide
(N,0O) and water vapour (H,O) have led to the accumulation of gases in the at-
mosphere [5] [6]. The atmospheric concentration of the GHGs form a thick blan-
ket which blocks the dangerous solar radiation from being reflected back to the
atmosphere causing increases in global temperatures over time [5] [6].

According to a study conducted on health, environment and climate change,
approximately one quarter (13,000,000) human deaths are associated with cli-
mate change environmental risks that can be avoided [7]. The study also found
that air pollution alone accounts for 7,000,000 deaths annually and approximately
90% of the global population inhaling polluted air. Further, the study established
that unsafe water and unhealthy environmental conditions created by climate
change and anthropogenic activities are experienced by more than 50% of the
global population, with approximately 800,000 deaths per year. Even though
these statistics indicate the impact of climate change on the physical and social
environment, the study pointed out that prediction of climate change impacts on
the quality of a given environment is still a challenge. The high value of statistics
of climate change-related deaths indicates relative economic loss both for the af-
fected governments and families.

Effects of climate change such as global warming leads to depletion of the ozone
layer, destruction of atmospheric genetic diversity and consequent increase in
warming and loss of atmospheric productivity [8]. In addition, loss of biodiver-
sity increased release of GHGs, particularly CO, from deforestation of carbon
sinks and natural decay or anthropogenic bush burning [9]. The study also indi-
cated that exploitation of peat-lands is likely to increase climate change due to
accumulation of CO; in the atmosphere. Currently, effects of atmospheric CO,
are experienced through increased global warming occasioned by green-house
effect. Green-house effect also leads to increased destruction of ecosystems through
warming and increase in acid rainfall. The acid rainfall notably leads to increased
destruction of crops and buildings. Further increase in quantity of CO, in the

atmosphere will also potentially increase aerobic and dermic diseases.
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The United States of America (USA) produces a fifth of the global GHG emis-
sions [5] [10]. The net effects of the cyclical global warming process caused by
anthropogenic activities have led to increased aridity. Further, land degradation
is also recorded thereby limiting productivity of farmlands and land-based biotic
resources. In addition, these anthropogenic undertakings increase the occur-
rence of climatic phenomena such as heat and water stress that can potentially
decimate biotic systems on earth if not adequately checked.

Temperature-water nexus is critical to vegetative land cover, existence of ani-
mals and agricultural production. The variations in both temperature and rain-
fall affect rain-fed agronomic systems which are predominant in South Africa
and numerous other developing nations [5]. In addition, the study noted that the
optimal functionality of the various ecosystems (terrestrial, aquatic and atmos-
pheric) are equally significantly affected by climate change hence declining eco-
systems productivity and declining biotic systems sustainability. It is notable that
increased ecosystem destruction and land degradation has increased aridity in
South Africa, where deficient atmospheric moisture conditions and warming are
recorded during the frequent drought periods.

Climate change has significantly impacted climatic conditions in East Africa
with increased rainfall recorded in some parts of the region [11]. In contrast, de-
cline in rainfall is also recorded in some parts of the region [12] [13]. Tanzania
and Kenya are significantly affected by climate change due to location, demo-
graphic structures and low climate change mitigation and adaptation capabilities
[14] [15]. In addition, the studies reported that drought stress, rainfall and tem-
perature variability are recorded in Kenya. The observed variations in rainfall
occurrence and patterns in Kenya is a major threat to rain-fed crop production.
Considering that ASALs cover the largest surface area in the country and low
crop yields from the ASALs are regularly recorded; the threat of food insecurity
appears real for the inhabitants of the drylands in Kenya. The impending threat
of food insecurity due to climate change therefore is a major cause for worry for
the government of Kenya as well as the smallholder crop farmers in the dryl-
ands.

Even though climate change is majorly identified through global warming,
there are a number of parameters such as temperature, rainfall, drought stress,
wind patterns, humidity and GHGs, whose variability are used to determine the
variations in climatic changes. These parameters consequently aid in the identi-
fication of the relative effects of climate change. This study therefore has identi-
fied and discussed the climate change parameters and their relative effects on the

physical and social environment.

2. Discussion

Climate change is the variation in global temperatures arising from global warm-
ing and green-house effect caused by natural and anthropogenic factors [1].

Even though attempts have been made to manage the impacts of climate change,
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there is a large spatio-temporal extent of the impact, whose mitigation demands
long-term and significant transformation of the environmental resources con-
sumption patterns [16]. The physical environment provides a number of re-
sources such as terrestrial, aquatic and atmospheric ecosystems [17] [18]. These
resources sustain life on earth and are exploited in a number of ways for prod-
ucts and services. The products are consumed as food, used in industrial devel-
opment, urbanization and agronomic production. However, climate change poses
a severe threat to the sustenance of life on earth by negatively impacting on these
natural resources. Facing the imminent threat from climate change therefore, the
sustainable use of environmental resources will guarantee their availability for
the future generations and for genetic posterity.

Deforestation globally contributes approximately 20% of GHGs [5] [10] while
global CO, emissions increased by 1.6% and 2.7% in 2017 and 2018 respectively
[19]. USA produced GHGs as follows: CO,, CH,, N,O and Fluorinated Gases at
82%, 10%, 6% and 3% respectively [20]. In addition, the studies approximated
20% of the global GHG emissions as originating from USA. The statistics of
GHG emission in USA indicates a high quantity of atmospheric GHGs whose
concentration is a major threat to biotic systems on earth. The flora and fauna
on terrestrial surfaces and aquatic systems optimally grow and thrive under spe-
cific climatic and ecological environments. These environments will be poten-
tially disturbed by GHG-driven global warming. In consequence, if not appro-
priately checked, the terrestrial and aquatic life forms will be terminated or dis-
placed thereby limiting the chances of survival.

Even though reduction of atmospheric CO, to 350 parts per million is advised,
in 2010, CO; atmospheric concentration was as high as 392 parts per million [6].
Climate change leads to increase in concentration of CO, in the atmosphere
leading to acid rains and acidification of oceans [10]. The increased ocean water
acidification also alters the growth conditions of aquatic species and the increase
in nitrification of surface water also leads to decline in water quality. CO, con-
centration in the atmosphere is an important climate change driver [20]. How-
ever, CO, concentration influences agronomic production, where deficit in CO,
concentration in soil limits crop production [21].

China emitted 27.6% of the world’s CO, from combustion of fossil fuels in
2013 [22]. The high emission of CO, by China caused air pollution and acid
rains and is considered the world’s largest emitter of the GHGs. In addition, the
study noted that in the past three decades, the average annual temperature in
China rose by 1.0 degrees Celsius (*C). The increase in GHG emission and the
consequent increase in temperatures in China have potentially led to the notable
evolution of wetlands in the country. In addition, the heat wave events and va-
riability in rainfall experienced in China are associated with climate change.

While evaluating global temperature variations using Global Climate Model,
projections of 1.4°C to 5.8°C temperature rise per year in the 21% Century was

realized [23]. In concurrence with these projections, climate change arising from
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anthropogenic forcing which led to rise in atmospheric temperatures by 1.9°C
from 1901 to 2014 was noted [2]. Variables of climate change such as tempera-
tures influence agronomic production, where high and low temperatures limit
crop production [21]. A rise in temperature also results in increase in transpira-
tion water demand and use [24] [25]. Increased transpiration leads to water
stress which results in soil moisture deficit. Deficit in soil moisture limits the
vegetative growth and distribution and lowers production and productivity of
plants where loss in crop yields may also be registered. In addition, the increased
atmospheric temperatures result in increase in soil temperatures that may rise
above the optimal plant growth conditions thereby limiting plant phenological
processes.

An increase of 0.34°C and 0.1°C to 0.2°C in lake water temperatures every
decade from 1985 to 2009 globally with projections pointing at 4.0°C by the end
of the 21 Century was established [2]. The study also revealed that climate
change leads to increase in salinization thereby reducing aquatic productivity.
Climate change also leads to coral bleaching from warmer seas, stagnation of
coral growth and reduces natural coastal protectors such as coral [26]. Increase
in ocean water temperatures therefore not only poses a major threat to biotic
aquatic systems but also threaten the abiotic conditions such as coral islands that
support aquatic life forms. Increased physical and chemical weathering of these
features, lead to destruction of aquatic species habitats resulting in migration. In
addition, the increase in temperatures of global water bodies can potentially alter
the aquatic ecosystem functions and lead to migration or loss of aquatic animals

The impact of climate change was exhibited in 1994, 2000, 2002 and 2003
which were marked as the hottest years in France in the last three decades [5].
The study approximated a significant decline of 5 metres in the snow cover in
Avoriaz Ski Station in France by 2013 from the initial 13 m in 1970. Conse-
quently, a notable increase in amount of water in water bodies in France was re-
ported. The significant reduction in snow cover manifested the significant im-
pact of climate change, thereby limiting human and economic activities. How-
ever, these reductions in snow cover led to rise in water level in lakes and seas in
Europe.

Global sea level rises at 3 mm annually due to climate change [27]. Projections
of a rise in sea level globally indicate 0.26 to 0.77 m rise by 2100 for the 1.5°C
global warming [28]. In addition, the study predicted a 0.2°C rise per decade in
surface temperatures. Further projections of 1.5°C rise in temperatures were
registered to be experienced in Caribbean region by 2030. Climate change also
leads to oceanic thermal expansion thereby increasing volume of oceans and
rising sea levels and glacial melts [26]. Further, a projected 35 centimetre in-
crease in sea level in the Mediterranean basin where projections of 2.2°C to
5.0°C increase in temperature were also indicated [24]. The projections of in-
crease in global temperatures and the subsequent rise in sea level will potentially

increase the cases of submergence of coastal islands and salinity of coastal farm-
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lands. These effects on coastal lands will further displace coastal communities
and coastal urban dwellers besides reducing the availability of consumable fresh
water from coastal rivers.

Climate change leads to inundation due to rise in sea level, damage by storms,
evolution of wetlands and of coastal lands [29]. Further, the study pointed out
that increased salinization of coastal waters due to sea saltwater intrusion affects
approximately 600,000,000 people globally. In addition, the study reported that
30% of the arable coastal lands in Bangladesh are threatened by salinization and
flooding from tidal rise during the wet periods.

Climate change was noted as leading to increased temperatures of 0.5°C per
decade in mountain areas in Africa [30]. The positive trend in temperature was
linked to the mountain top glacial melt where up-to 80% of the area under
glaciers has receded in the past three decades. In concurrence, increase in at-
mospheric warming was also indicated to be influencing terrestrial ice coverage
[24] [31]. The studies also established increase in ice melts from icebergs arising
from increased temperatures due to climate change. Notably, the increased gla-
cial and ice melt reduces the terrestrial surface and ocean surface and sub-surface
cyrospheric water storage. The reduction in cyrospheric water sources conse-
quently limits the availability of fresh water.

Oxygen levels in surface water are reduced due to saturation level by temper-
atures, while an increase in nutrient levels enhances respiratory processes in wa-
ter affecting aquatic species [32]. Further, high aquatic temperatures inhibit dis-
solution of oxygen in surface water hence limits the amount of water oxygen for
aquatic animals [10]. In addition, evaluated oxygen levels in water bodies in
areas affected by climate change, indicated that increased water and atmospheric
temperatures lead to increase in primary production and nutrient cycling rates
in the water bodies thereby lowering dissolved oxygen levels [33]. In effect, the
decline in water oxygen leads to death of aquatic organisms and also accele-
rates eutrophication and water turbidity, pollution and aquatic habitat degra-
dation. Moreover, extreme weather events are projected to change the physical
and chemical water quality where concentration of oxygen in surface water will
decline.

Climate change leads to decrease in fresh water sources which will negatively
impact approximately 1.8 billion people by 2080 [6] [18]. The studies also re-
vealed that climate change reduces amount of water in rivers, lakes and some
seas. Climate change also affects the hydrological cycle where limited water leads
to alteration of optimal functioning of the ecological systems or destruction of
the ecosystems. The resultant loss of biodiversity leads to migration of animals
or extinction of plant species. The decrease in fresh water sources may also lead
to desiccation of swamps and water. In addition, an increase in dry river beds
and salars will be recorded thereby increasing wastelands.

Observable and measurable characteristics of soil such as soil composition and

productivity have been used to assess impacts of climate change in North Amer-
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ica, where temperature models have projected increase by 2.0°C to 3.0°C in the
next decade [33]. Climate change leads to increased soil pH and nitrification
from atmospheric sources [2] [21]. Further, the studies noted that climate change
leads to increased soil salinity and altered the soil nutrient cycle thereby reduc-
ing soil quality and productivity. The consequent decline in soil quality limits
plant growth and productivity where stunted growth may be observed.

Climate change alters the growth, spread and activity of soil organisms [34].
In addition, the study realized that the composition of species and communities
and their interaction with soil are equally altered consequently disrupting the
soil food webs. The disrupted interaction of primary producers and consumers
in soil limits soil health and productivity. The limited soil health and productiv-
ity consequently leads to reduced terrestrial vegetation cover and crop yields.
Furthermore, the limited terrestrial vegetation cover leads to low transpiration
rates hence low atmospheric humidity.

Atmospheric humidity is a key indicator of climate change and determines
amount of precipitation [22]. The variation in precipitation influences soil ni-
trogen and CO, concentrations hence determining crop yields. Rainfall deficit
leads to less humid conditions where urban heat islands may experience low
humidity [2]. These urban climatic conditions are completely different from the
typical climates of the peripheral surrounding regions. In addition, climate
change may also increase rate of alteration of relative humidity and cloud cover
in the near future due to increasing global temperatures. Variation in humidity
or atmospheric water vapour leads to variation in amount and distribution of
cloud cover and rainfall. Furthermore, variation in humidity alters atmospheric
temperature conditions. The change in amount of rainfall and atmospheric tem-
peratures consequently influence the vegetation growth conditions.

Climate change led to increase in precipitation in USA from 5% to 10% in the
20" Century, projecting an increase in the amount of water in water bodies [33].
However, a decline in hydrographs in parts of North America that experienced
negative significant climate change and variation in precipitation was observed
in the 20" Century [33]. The decline in hydrographs was manifested in reduced
water quantity in water bodies which led to increased nutrient and dissolved or-
ganic matter concentrations. These concentrations increased the quantity of pa-
thogens and microbes in the water bodies thereby increasing disease cases. A
further decline in rainfall in parts of South America between 2006 and 2007 was
recorded and linked to the variations to climate change [11]. Significant rainfall
variability in North and North-West Brazil from 1901 to 2010 was also estab-
lished [35]. The negative change in precipitation manifested by deficits in rain-
fall resulted in deficit in soil moisture in parts of South America. Limited soil
moisture therefore affected agricultural production and yield levels besides eco-
system degradation in the region.

Even though some parts of the world experienced negative rainfall anomalies,

climate change was identified as leading to 10% to 20% increase in rainfall ano-
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malies in the winter season in the United Kingdom [32]. The study noted that
the increased precipitation resulted in increased inundation, chemical and soil
deposition in water bodies thereby lowering water quality. The variations in pat-
terns and amounts of rainfall in different regions are associated with climate
change.

Even though water is a vital factor in the germination of crops with sorghum
water imbibition process requiring seed water content to be 35% to 45% of the
dry mass of the seed, climate change instigated soil moisture stress is a big chal-
lenge to crop production in ASALs [36]. Further, high water retention capacity
of loam soils accelerates nitrogen dissolution and absorption by crop roots [37],
however, the study reported that variability of rainfall hence soil moisture can
potentially alter the structure of soils thereby limiting crop production and ve-
getative cover. Climate change also leads to water stress which affects crop flo-
wering and grain filling phases leading to decline in crop production and yields
[38]. The threat posed by climate change through variability of rainfall therefore,
is a major cause for worry for the smallholder crop farmers, majority of who de-
pend on rain-fed agriculture for food crop production. With the near annual
food insecurity experienced in most of the developing countries, irregular trends
and decreasing amounts of rainfall contend a bleak future for many inhabitants
of ASALs in these countries.

Projections of increase in temperature of 2.0°C to 6.0°C during the next one
century have been recorded in Africa [39]. The study also identified projected
increase in frequency of droughts arising from variable rainfall patterns that are
linked to climate change in the continent. A reported relative increase in climate
hazards such as droughts, were also noted to increase vulnerability levels in
Africa [40]. The high projections of increase in temperatures and droughts in
Africa are notably a cause for worry for the continent which is exposed and has
low climate change adaptability. In addition, Africa is largely dependent on rain-
fed agriculture where majority of the rural population is employed.

There is increase in frequency of droughts in Africa which occurs after every 3
to 5 years as indicated in Table 1 [39]. Notably, most of the indicated droughts
occurred in the Horn of Africa (HOA) and Eastern Africa. The exposure to high
frequency of severe droughts in East Africa was associated with the spatial loca-
tion of the region along the coast of the Indian Ocean [14] [15]. In concurrence
with these studies, the frequent droughts in East Africa were also linked to the
rise in sea surface temperatures (SST) in the Indian Ocean [41]. The rise in both
terrestrial temperatures and SST along the Indian Ocean was directly associated
with climate change events, Indian Ocean Dipole and Inter-tropical Conver-
gence Zone.

Projections of 5% to 8% increase in aridity and ASALs in Africa by 2100 were
associated with climate change-driven droughts [39]. The projected increase in
aridity in the continent will potentially limit the productivity of agricultural
lands and destroy the biotic life forms. On the other hand, the study pointed out
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Table 1. Major African droughts from 1980 to 2008.

Country Years Affected Nearest (0.1 mn)
2008 1.4
2005-06 3.5
2004 2.3
Kenya 1999-02 23.0
1997-98 1.6
1994-95 1.2
1991-92 2.7
2008 6.4
2003-04 12.6
1997 1.0
Ethiopia
1989-94 6.5
1987 7.0
1983-84 7.8
2000-01 2.0
1991-92 8.6
Sudan
1987 3.5
1983-85 8.4
2008 1.7
Eritrea 1999-03 2.3
1993 1.6
2008 3.3
Somalia 2000-01 1.2
1987 0.5

Adopted from [39].

an increase in annual mean rainfall in West Africa (dry Sahel) where vegetative
regeneration was noted [11]. However, a decline in rainfall in Mediterranean ba-
sin and negative evolution of the ecosystems were observed and were linked to
climate change. Since crop production principally depends on availability of wa-
ter, increasing rainfall trends in West Africa therefore potentially create and op-
portunity for increased crop production for rain-fed agriculture.

Climate change leads to high wind speeds due to pressure cells difference,
causing coastal soil erosion, general soil degradation and decline in soil produc-
tivity [2] [17] [22]. Climate change leads to increased cases of dust storms and
threats of respiratory diseases [4]. An increase of 1% to 8% in hurricane wind
speeds was associated with 1% to 18% increase in hurricane rainfall [42]. The
study also indicated that these events were attributed to a 1.0°C increase in sea

warming. In addition to these observations, climate change influences the de-
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velopment of land and sea breezes, where winds determine the development and
distribution of precipitation around coastal regions. Further, winds transport
pollen and enable pollination thereby enabling floral continuity.

Sub-Saharan Africa (SSA) is a largely vulnerable region where the impacts of
climate change are significant and spatio-temporally spread [43]. In addition,
the study established projections of increased temperatures and variable rainfall
patterns that will consequently lead to higher frequency of droughts and floods
in the region. The impact of climate change is increasing vulnerability in SSA
[11]. Further, the study revealed that agricultural production in SSA was majorly
affected by the phenomenon exemplified by increasing drought and water stress.
The study also posited that increasing aridity and desertification, degradation of
farmlands and increasing wild fires were associated with climate change and re-
duced crop and vegetative cover. The increased frequency of droughts in SSA
and the consequent water stress is a major challenge to ecosystem stability and
survival of biotic systems.

Increased frequency of droughts in the HOA which is associated with climate
change was recorded in Ethiopia and Tanzania in 2000, 2009 and 2011 [41].
Eastern Africa is one of the most climate change vulnerable regions in the con-
tinent due to the spatial location along the Indian Ocean coast [39] [44]. Further,
the study established that as a rain-fed agriculture dependent region, rainfall va-
riability and increased temperatures will potentially limit agro-productivity hence
food insecurity. Tanzania and Kenya are significantly affected by climate change
due to location, demographic structures and low climate change mitigation and
adaptation capabilities [14] [15]. An increase in annual mean rainfall in East Afri-
ca, where regeneration of vegetation in degraded and drought affected ASALs
was realized [11]. Notably, the effect of climate change is significantly experienced
in East Africa where climate change events such as droughts and floods have
become more frequent and near annual. These events have led to terrestrial re-
sources degradation where soil erosion, land degradation and biotic resources
degradation are recorded regularly.

Significant increase in temperature trends in Kenya since 1960s was identified
[43]. The study also indicated that the positive warming trends were accompa-
nied by spasmodic rainfall patterns and more frequent droughts and flood
events. These climatic events are linked to climate change which has further led
to increased cases of pests and diseases on terrestrial and aquatic ecosystems.
The increase in pests and diseases leads to significant ecosystem destruction. Va-
riability in seasonal rainfall in ASALs in Kenya significantly affects crop produc-
tion [13]. Furthermore, occurrence of bi-annual rainfall seasons in Kenya was
reported. It was established that climate change has led to more frequent droughts
in Kenya with occurrence reducing from after every 5 to 3 years [12]. On the
same note, significant impacts of more severe and extreme droughts in the low-
land ASALs of Eastern Kenya that includes Kitui and Tharaka Nithi Counties
was reported [45]. In addition, the study noted increase in rainfall during the
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short rainfall season (October to November) which is the main planting season
in the ASAL region. The notable increase in climate change events such as droughts,
heat and water stress and flood events in Kenya has caused massive damage on
the ecosystems and led to crops and livestock loss. In addition, the resultant
agricultural loss has increased the cases of food insecurity more particularly in

ASALs in Kenya that practice rain-fed crop production.

3. Conclusion

The increase in global temperatures through green-house effect and global warm-
ing and the consequent climate change, has significant impact on the global and
regional ecosystems and the environment. Climate change was found to lead to
declining mountain snow cover, ice melts, and increasing sea levels, increasing
aquatic salinity, increasing atmospheric and aquatic acidification thereby reduc-
ing aquatic biodiversity, causing land and ecosystem degradation leading to bio-
tic environment destruction. Heat stress, drought stress and water stress were
also accompanied by catastrophic atmospheric circulation causing flooding. These
impacts affected the natural, agronomic, economic and human resources prod-
uctivity. Climate change also affects human health leading to increased mortali-
ties. Climate change therefore, limits productivity of the global terrestrial, aqua-
tic, atmospheric, abiotic and biotic environments. The study identified gaps in
quantification of the impact of anthropogenic-driven climate change on the en-

vironment and mitigation strategies.
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