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Abstract: This research aims to address the causes and effects of climate change in Afghanistan and develop strategies and solutions
for a sustainable future. A qualitative approach was utilized, employing semi-structured interviews with climate change experts
selected via snowball sampling. These interviews were audio-recorded, transcribed, coded, and analyzed through thematic analysis.
The study identified various causes of climate change in Afghanistan, such as deforestation, fossil fuel combustion, urbanization,
ongoing conflicts, industrial activities, inefficient waste management, and poor water management practices. These factors have
culminated in escalating droughts, melting glaciers and snow, floods and storms, adverse effects on agriculture and livestock, and
increased diseases among humans, animals, and plants. The research underscores the urgent need for mitigation strategies and
sustainable solutions for Afghanistan’s future. Proposed strategies and solutions include seeking foreign aid, collaborating with
national and international organizations, raising public awareness, preventing deforestation and smuggling, implementing water
storage measures, learning from other countries’ experiences, conducting further assessments and research, expanding greenery,
and formulating comprehensive policies and strategic plans for water management. The findings are significant for the Afghan
government, national and international organizations engaged in climate change efforts, and policymakers. Given Afghanistan's
heightened vulnerability to climate change, it is essential to take proactive measures and prioritize mitigation and adaptation efforts
to ensure a sustainable future. Addressing these critical issues will require coordinated action and sustained stakeholder commitment.
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sustainable land and water management practices, and
fostering international cooperation are key strategies to
address climate change effectively. By taking proactive and
collective measures, we can strive for a more sustainable

1. Introduction

Climate change refers to long-term shifts in weather
patterns and global temperatures, primarily driven by

human activities, notably fossil fuel burning and releasing
greenhouse gases into the atmosphere [1], [2]. This
phenomenon has far-reaching implications for our planet
and ecosystems. The Earth's climate is undergoing
significant changes, including rising temperatures, melting
polar ice caps, changing precipitation patterns, and
increased frequency of extreme weather events [3], [4].
These changes harm various aspects of life, including
natural habitats, agriculture, water resources, and human
health. Urgent action is required to mitigate the causes of
climate change, reduce greenhouse gas emissions, and
adapt to the ongoing impacts. Transitioning to renewable
energy sources, improving energy efficiency, promoting

and resilient future for ourselves and future generations.
Climate change is a phenomenon that occurs due to
factors such as the dynamic processes of the earth or
external factors such as changes in the speed of sunlight
and human activities [5]. External factors affecting the
climate are called climatic forces. The warming of the
earth's climate is currently a big problem, which has had
destructive effects on nature, living beings, and every part
of life and harms all of them in one way or another [6].
Afghanistan supports eliminating greenhouse gases
and reducing the environment's temperature, supporting
every measure to improve the environment [7]. The past
wars in the country and the use of gunpowder have
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damaged the climate of Afghanistan. Extensive industrial
activities at the global level have caused climate change,
increasing the earth's temperature. As we know,
Afghanistan is the country most affected by climate
change, and the level of greenhouse gas emissions is
deficient.

Climate change is a global issue transcending national
boundaries, requiring collective responsibility and action,
particularly from large economic countries that contribute
significantly to greenhouse gas emissions [8], [9]. Despite
contributing minimally to global emissions, countries like
Afghanistan bear disproportionate impacts. Rising
temperatures, permanent drought, and frequent floods in
Afghanistan have led to decreased agricultural production,
increased incidence of diseases in humans, animals, and
plants, and exacerbated poverty and internal migration.
The destruction of land and forests further compounds
these issues, directly affecting the livelihoods and well-
being of the Afghan population.

The increase in temperature and changing
precipitation patterns in Afghanistan have resulted in
severe water scarcity and reduced agricultural yields,
threatening food security and economic stability. These
environmental stresses contribute to higher rates of
diseases as communities struggle with limited resources
and deteriorating living conditions. The escalating poverty
and internal migration, driven by climate-induced
displacement,  highlight the urgent need for
comprehensive adaptation and mitigation strategies [10].
Protecting Afghanistan's natural resources and enhancing
the resilience of its communities are critical steps in
addressing the multifaceted impacts of climate change on
human life.

Climate changes not only cause changes in the
natural environment but also cause unexpected events
such as dust and sand storms, floods, and droughts. The
shortage of drinking and clean water, the destruction of
forests, and the pollution of the residential environment
have brought them together. On the other hand, the
increase in population has also greatly affected climatic
changes and accelerated the pollution process in the
residential  environment. According to  National
Environmental Protection Agency reports, Afghanistan's
share of greenhouse gas emissions is 0.08 percent [11]. It
is negligible, and it can be said that Afghanistan has no
role in climate change, but climate change has seriously
affected Afghanistan.

This study aims to understand the causes and effects
of climate change in Afghanistan, explore mitigation
strategies and solutions for a sustainable future, and
provide insights to support the development of
comprehensive policies and strategies by government,
national, and international organizations. Through a
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thorough analysis of existing policies, scientific literature,
and stakeholder perspectives, the research aims to
contribute to the formulation of evidence-based
recommendations for policymakers and aid in creating
holistic and sustainable climate policies on local, national,
and international scales.

2. Literature Review
2.1. Causes of Climate Change

The primary cause of climate change is increased
greenhouse gas (GHG) emissions from human activities
[12]. Numerous studies have identified the burning of
fossil fuels for energy generation, industrial processes, and
transportation as the primary contributor to GHG
emissions [13], [14]. Deforestation, land-use change, and
agricultural practices like livestock farming release GHGs
[15], [16].
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Figure 1. The Main Pathway of Climate Change Impact on The
Risk of Vector-Borne Diseases [17].

Positive feedback mechanisms further exacerbate
climate change. One prominent example includes the
release of methane from permafrost regions, which is
triggered by rising temperatures. As permafrost thaws, the
organic matter trapped within it decomposes, releasing
methane—a greenhouse gas far more effective at trapping
heat than carbon dioxide. Similarly, warmer temperatures
increase the amount of water vapor in the atmosphere, a
potent greenhouse gas, thus creating a feedback loop that
accelerates global warming [18].

2.2. Impacts of Climate Change

Climate change has profound and far-reaching
consequences for both natural and human systems.
Extensive research has shown its adverse effects on
ecosystems, leading to shifts in species distribution,
altered phenology, and increased extinction risks [19].
These changes threaten biodiversity as species struggle to
adapt to rapidly changing environmental conditions.



International Journal of Environment, Engineering and Education, Vol. 6, No. 2, pp. 84-95, 2024

Additionally, climate change disrupts agricultural
productivity through rising temperatures and shifting
precipitation patterns, exacerbating water scarcity and
food insecurity. The altered climate also increases the
prevalence of vector-borne diseases like malaria and
dengue fever, posing significant risks to human health [20].

Moreover, climate change is closely linked to the
increasing frequency and severity of extreme weather
events such as hurricanes, droughts, and heat waves. These
events have devastating impacts on communities and
economies, causing loss of life, displacement, and
significant economic costs. Hurricanes can lead to
widespread destruction of infrastructure, while prolonged
droughts threaten water supplies and agricultural
productivity. Heatwaves pose serious health risks,
particularly to vulnerable populations such as older people
and those with pre-existing conditions [21]. The pervasive
effects of climate change underscore the urgent need for
comprehensive mitigation and adaptation strategies to
reduce greenhouse gas emissions and enhance resilience
to climate impacts.

2.3. Mitigation Strategies

Researchers and policymakers have proposed and
evaluated various strategies and solutions to mitigate
climate change. Renewable energy sources, such as solar
and wind power, have gained prominence as alternatives
to fossil fuels, offering the potential to reduce greenhouse
gas (GHG) emissions significantly [22]. By transitioning to
these clean energy sources, countries can decrease their
reliance on carbon-intensive energy production and move
towards a more sustainable energy future. Energy
efficiency measures, including improved building
insulation, advanced heating and cooling systems, and
more efficient transportation networks, have shown
promise in reducing overall carbon footprints and lowering
energy consumption [23], [24].

6000

2020 target
4000 ®

s excl, LULUCF)

M CO2-eq.

—de
¢

EU targets

2030target

-1000
S o o v VRPN T, PR R T PP, PSS, B Ty PR L S T TP B i 1§
A C e e S gt i G i g

Figure 2. EU Net Greenhouse Gas Emissions, Targets and
Required Reductions (MtCO2-eq) [25].

Efforts to halt deforestation, promote sustainable
land management practices, and enhance carbon
sequestration through afforestation and reforestation
have also been explored as effective mitigation strategies.
Preventing deforestation helps maintain existing carbon
sinks, while sustainable land management ensures the land
is used in ways that do not degrade its ability to sequester
carbon. Afforestation and reforestation initiatives aim to
increase the number of trees that absorb carbon dioxide
from the atmosphere, thus mitigating the effects of climate
change. These combined strategies can reduce
atmospheric carbon levels and support global efforts to
combat climate change [26], [27].

2.4. Adaptation and
Afghanistan

Mitigation  Strategies in

Efforts to adapt to and mitigate climate change in
Afghanistan are crucial for building resilience and ensuring
sustainable  development. Studies highlight the
importance of implementing climate-smart agricultural
practices, such as improved irrigation systems and
drought-resistant crops, to enhance food security in
changing climatic conditions [28]. These practices can help
stabilize agricultural productivity and support farmers'
livelihoods, often the most vulnerable to climate variability.
Water management strategies, including rainwater
harvesting and efficient irrigation techniques, are essential
for addressing water scarcity exacerbated by climate
change and increasing demand [29].

Promoting renewable energy sources, such as solar
and wind, and improving energy efficiency can
significantly reduce greenhouse gas emissions and
decrease reliance on fossil fuels. These measures mitigate
climate change, enhance energy security, and reduce
environmental degradation. By investing in renewable
energy infrastructure and encouraging energy-efficient
practices, Afghanistan can move towards a more
sustainable and resilient energy future [30].

2.5. Causes of Climate Change in Afghanistan

Afghanistan's contribution to global greenhouse gas
emissions is relatively low, yet the country remains highly
vulnerable to the impacts of climate change [7]. This
vulnerability is exacerbated by its reliance on climate-
sensitive sectors such as agriculture and water resources,
making adaptation strategies essential for its sustainable
development. Afghanistan's main drivers of climate
change include deforestation, land degradation,
unsustainable agricultural practices, and burning fossil
fuels. These activities contribute to environmental
degradation and increase the country's susceptibility to
climate-related stresses [31], [32].
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Regional climate variability significantly influences
Afghanistan's climate patterns. Factors such as the Indian
Ocean Dipole and El Nifo-Southern Oscillation play a
crucial role in shaping weather patterns, leading to
variations in precipitation and temperature that can impact
agricultural productivity and water availability [33]-[35].
Understanding these regional influences is vital for
developing effective climate adaptation and mitigation
strategies tailored to Afghanistan's unique climatic and
socio-economic context.

2.6. Impacts of Climate Change in Afghanistan

Climate change has significant implications for
Afghanistan's socio-economic development and natural
resources. Rising temperatures and changing precipitation
patterns lead to increased water scarcity, reduced
agricultural productivity, and heightened risks of droughts
and floods [36], [37]. These climatic changes undermine
food security and economic stability, particularly in rural
areas where agriculture is the mainstay of livelihoods.
Glacier retreats in the Hindu Kush Himalayas also affect
water availability in rivers vital for agriculture and
hydroelectric power generation, further exacerbating
water resource challenges [38], [39].

Climate change also exacerbates challenges in
conflict-affected areas, displacement, and food security. As
water and agricultural resources become scarcer,
competition over these essential resources can intensify,
potentially leading to increased conflict and displacement.
Food security is further threatened by reduced crop yields
and loss of arable land, making it harder for communities
to sustain themselves [40]. These compounded issues
highlight the wurgent need for integrated climate
adaptation and mitigation strategies that address
Afghanistan's  environmental and  socio-economic
vulnerabilities.

3. Material and Methods

According to Braun and Clarke [41], this study utilized
thematic analysis and semi-structured interviews to
investigate the causes and effects of climate change in
Afghanistan and potential mitigation strategies and
solutions for a sustainable future.

3.1. Research Approach

This rigorous analytical approach facilitated a deeper
understanding of Afghanistan's intricate dynamics of
climate change. The thematic analysis identified vital
patterns and insights within the interview data, providing
valuable perspectives on the challenges and potential
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solutions related to climate change. The structured
methodology ensured that the findings were well-
grounded in the data, offering robust support for
developing effective and sustainable mitigation strategies
tailored to Afghanistan's unique context [41], [42].

3.2. Participants

This research employs the snowball sampling method to
determine the sample size. Initially, a small group of
professionals is selected based on predefined inclusion
criteria. Subsequently, additional participants are recruited
through referrals from this initial group, forming a network
of 30 participants with relevant expertise. This approach
allows for the expansion of sample coverage by leveraging
the networks and connections of the initial participants,
ensuring a more comprehensive and diverse data set [43]-
[45].

3.3. Procedures
3.3.1. Semi-Structured Interview

The researcher develops the semi-structured interview
guide to ensure consistency and provide a framework for
the interview. However, the semi-structured nature allows
for flexibility in exploring additional themes and following
up on participants' responses. This approach enables the
researcher to gain insight into the participant's perspective,
creating a more nuanced understanding of the topic under
investigation [46].

3.3.2. Questionnaire Development

The interview guide is developed carefully by referencing
relevant literature, identifying key research questions, and
considering the study's objectives. Open-ended questions
are designed to elicit detailed and insightful responses
from participants. This method aims to uncover the central
themes in the participants' experiences and perspectives,
thereby providing rich qualitative data for analysis [47]-
[49].

3.3.3. Pilot Testing

The questionnaire is pilot-tested to ensure clarity,
relevance, and effectiveness in gathering the desired
information. This step is crucial for refining the questions
and improving the interview process. Conducting a pilot
study increases the likelihood of success in the primary
survey in identifying potential issues and allows for
adjustments before the full-scale research begins [50], [51].

3.3.4. Interview Process
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During the interview, the researcher actively listens, probes
further, and asks follow-up questions to obtain in-depth
and comprehensive participant responses. This approach
emphasizes obtaining depth and detail in the responses
while retaining flexibility in the questioning to adapt to the
flow of the conversation and the insights provided by the
participant [52]-[54].

3.3.5. Audio Recording

Audio recordings are made during the interviews to ensure
accurate transcription and facilitate further analysis. This
practice is essential for maintaining the integrity of the
data and supporting a thorough analysis. By capturing a
verbatim interview record, the researcher ensures that the
data collected is comprehensive and reflects the
participants' actual words and meanings [54]-[56].

3.4. Data Collection & Analysis
3.4.1. Data Collection and Transcription

The data collection process in this study began with
conducting semi-structured interviews, which were
recorded in audio format. These recordings were then
transcribed verbatim to ensure the accuracy and detail of
the conversations. The resulting transcripts allowed
researchers to work with rich textual data, a crucial
foundation in qualitative analysis. The transcribed data was
then systematically coded using the approach outlined by
Braun and Clarke [41]. This coding process involved
identifying meaningful units within the text and organizing
them into relevant categories for the study [57].

3.4.2. Theme ldentification

Following the coding process, the next step was identifying
themes and sub-themes that emerged from the coded
data. These themes and sub-themes were identified
through thematic analysis, allowing for a comprehensive
exploration of the research topic. Braun and Clarke [41]
emphasize the importance of this process in
understanding patterns within the data and providing
deep insights into the phenomena being studied. In the
context of this study, theme identification enabled
researchers to organize and interpret the data more
effectively, yielding rich and profound findings regarding
the causes and effects of climate change in Afghanistan, as
well as potential mitigation strategies. Additionally, this
approach supports the development of contextual and
relevant solutions based on empirical findings [58], [59].

4. Result and Discussion

Thematic analysis of in-depth semi-structured interviews
attended by the expert participants generates the
following sub-themes related to the two main themes:
climate change causes and effects and mitigation
strategies and solutions for a sustainable future in
Afghanistan. You may find them below:

4.1. Causes and Effects of Climate Change
4.1.1. Deforestation

Deforestation was identified by 87% of participants as a
significant contributor to climate change. It exacerbates
climate change by reducing carbon sequestration,
increasing greenhouse gas emissions, and accelerating soil
erosion and desertification. The direct causes of
deforestation include prolonged conflict, tree cutting for
fuel, illegal logging, and wood extraction for construction
and domestic purposes. These findings underscore the
critical importance of forest conservation in mitigating
climate impacts. Effective strategies must prioritize curbing
illegal logging, promoting sustainable land use practices,
and supporting reforestation while addressing socio-
economic drivers such as poverty and conflict.

The implications of these findings stress the need for
a multi-faceted approach to combat deforestation.
Strengthening law enforcement, implementing
community-based forest management, and offering
alternative livelihoods are essential for reducing
deforestation pressure. Related research supports these
findings, with Garcia et al. [8] linking deforestation to
increased greenhouse gas emissions and biodiversity loss,
Panagos et al. [60] highlighting its role in soil erosion and
land degradation, and Bowen et al. [61] discussing socio-
economic drivers and the need for sustainable
management practices.

4.1.2. Burning of Fossil Fuels

In a recent survey, 90% of participants reported an
increased reliance on fossil fuels during the winter season
in Afghanistan. This dependence is mainly due to using
traditional energy sources like coal and petroleum for
domestic heating, cooking, and electricity generation,
stemming from limited access to more modern and clean
energy alternatives. This highlights the significant role that
traditional energy sources play in daily life, especially
within the limited infrastructure and availability of
renewable energy technologies.

Moreover, fossil fuel consumption in Afghanistan has
broader implications, such as air pollution, respiratory
diseases, and environmental degradation. The burning of
these fuels also exacerbates climate change through the
release of greenhouse gas emissions. The consensus
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among survey respondents underscores the critical issues
Afghanistan faces regarding energy consumption and its
impacts. These findings highlight the urgent need for
policy interventions to increase access to clean and
sustainable energy alternatives, thereby mitigating the
adverse effects on public health and the environment
caused by fossil fuel use.

4.1.3. Changing Agricultural Land to Urban Areas

According to 78% of participants, agricultural land in
Afghanistan is gradually being converted into urban land.
This transformation is primarily driven by rapid population
growth, urbanization, and an increased demand for
infrastructure development, which leads to the loss of
fertile land and agricultural productivity. The shift from
farming to urban land underscores the pressures of
meeting the needs of a growing population and the
demands for more urban infrastructure.

Furthermore, converting agricultural land to urban
areas has significant environmental consequences. It
contributes to deforestation, loss of biodiversity, soil
degradation, and a reduced capacity for carbon
sequestration, all of which intensify the impacts of climate
change in the region. The consensus among respondents
highlights the critical environmental and biodiversity
issues that arise from this land-use change, stressing the
urgent need for sustainable urban planning and policies to
mitigate the adverse effects on the environment and
climate.

4.1.4. Decades of Wars Used Explosive Ammunition in The
Country

Ninety percent (90%) of the participants acknowledged
that decades of wars in Afghanistan have involved the
extensive use of gunpowder and explosive ammunition.
This prolonged conflict has led to significant
environmental destruction, including deforestation, sail
degradation, and the release of various pollutants. These
ecological impacts contribute to climate change and
exacerbate its effects on the region.

The widespread use of ammunition and gunpowder
during the wars has further contributed to environmental
degradation, which, in turn, has worsened the impacts of
climate change on the population. These effects include
increased illnesses and a general negative impact on
human life. The consensus among respondents
underscores the severe consequences that explosive
ammunition and prolonged conflict have had on both the
environment and public health in Afghanistan,
highlighting the need for comprehensive measures to
address these issues.
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4.1.5. Impacts of industrial activities

Thirty percent (30%) of the participants emphasized how
industrial activities in Afghanistan influence climate
change. One participant provided insight, stating, "The
impacts of industrial activities on climate change in
Afghanistan are primarily caused by the emission of
greenhouse gases resulting from mud brick furnaces, steel
industries, manufacturing, and other related industries, as
well as mining processes, exacerbating global warming
and environmental degradation." This direct quote from
the respondent supports the claim that industrial activities
contribute to climate change and environmental
degradation in Afghanistan.

4.1.6. Inefficient Waste Management

Eighty-one percent (81%) of participants identified waste
as a significant factor contributing to climate change.
Many emphasized that rapid urbanization in recent years
has led to increased waste generation due to population
growth and changes in consumption patterns. Insufficient
waste management infrastructure, including collection,
transportation, and disposal systems, has become a major
issue in many areas, where proper waste collection services
and disposal facilities are lacking.

Participants noted that improper waste management
leads to environmental pollution, affecting soil, water, and
air quality. Open dumping and burning of waste release
harmful substances into the environment, causing
ecological damage and impacting the health of plants,
animals, and humans. Additionally, the accumulation of
waste in public spaces, such as streets and open areas,
detracts from the aesthetics of cities and communities,
potentially resulting in social and psychological effects on
residents. This unclean and unpleasant living environment
contributes to climate change by releasing greenhouse
gases, such as methane and carbon dioxide, and
exacerbating environmental degradation.

4.1.7. Inefficient Water Management of Rivers

Ninety percent of participants highlighted the increased
burning of fossil fuels during winter in Afghanistan. The
reliance on traditional energy sources, such as coal and
petroleum, for domestic heating, cooking, and electricity
generation is primarily driven by limited access to modern,
cleaner energy alternatives [62]. This widespread use of
fossil fuels significantly contributes to air pollution,
respiratory illnesses, and environmental degradation.
Moreover, burning fossil fuels exacerbates climate
change by releasing greenhouse gas emissions [25]. These
findings support the assertion that the burning of fossil
fuels in Afghanistan has detrimental effects on both public
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health and the environment. Addressing this issue is critical
for improving air quality and promoting sustainable
energy practices in the region.

4.1.8.  Effects of Climate Change

Ninety-five percent (95%) of participants noted that the
effects of climate change in Afghanistan include increasing
droughts, melting of natural glaciers and snow, and a rise
in floods and storms. Additionally, they observed adverse
impacts on agriculture and livestock, as well as an increase
in human, animal, and plant diseases. Participants
highlighted that climate change contributes to more
frequent and severe droughts, which lead to water scarcity,
reduced agricultural productivity, and food insecurity.

Furthermore, they pointed out that rising
temperatures are causing glaciers and snow in
Afghanistan's mountainous regions to melt, adversely
affecting water availability and contributing to river flow
variability. A few participants expressed concern that
climate change can lead to more intense rainfall events,
resulting in increased flooding and storms, which can
cause infrastructure damage, community displacement,
and loss of life. The impact on food production and
livelihoods is particularly critical in rural areas, where
agriculture is a primary source of income. This highlights
the urgent need for effective adaptation and mitigation
strategies to address the region's multifaceted challenges
posed by climate change.

4.2. Mitigation Strategies and Solutions for Sustainable
Future

4.2.1. Attracting Foreign Aid for Climate Change

Eighty-seven percent (87%) of participants indicated that
Afghanistan has a minimal contribution to the causes of
climate change, with international reports noting that it is
responsible for only 0.08 percent of global greenhouse gas
emissions. Despite this minor share in contributing to
climate change, Afghanistan is one of the countries most
severely impacted by its effects, making it highly
vulnerable and necessitating urgent aid.

Participants emphasized the importance of
developing comprehensive climate action plans for
Afghanistan that outline specific mitigation targets and
strategies aligned with global goals. They noted that a
solid commitment to climate action, fostering partnerships
with international organizations, and emphasizing the co-
benefits of mitigation efforts—such as improved energy
efficiency and reduced emissions—can help attract foreign
aid. By leveraging international cooperation and support,
Afghanistan has the potential to accelerate the
implementation of sustainable and impactful mitigation

solutions, ultimately contributing to global climate goals
and enhancing resilience against the impacts of climate
change.

4.2.2. Working To Gather with National and International
Organizations

According to 71% of participants, collaboration with
national entities, such as government agencies, research
institutions, and the private sector, facilitates the sharing
expertise, resources, and best practices necessary for
developing effective mitigation plans. This cooperative
approach is essential for fostering comprehensive and
impactful responses to the climate crisis in Afghanistan.

Many participants emphasized that working
alongside national and international organizations is vital
for implementing effective mitigation strategies and
solutions to address climate change in the country. By
leveraging the strengths and capabilities of various
stakeholders, Afghanistan can enhance its efforts to
combat climate change and build resilience against its
adverse effects. This multi-faceted collaboration is crucial
for creating sustainable, long-term solutions to
environmental challenges.

4.2.3. Creating Public Awareness About Climate Change

According to 67% of participants, public outreach
campaigns, education programs, and community
engagement initiatives can help raise awareness about the
causes and impacts of climate change and the importance
of acting. Moreover, building an understanding to support
climate-friendly policies and initiatives will encourage
individuals, communities, and businesses to embrace low-
carbon practices, reduce emissions, and adopt resilient
approaches. The 67% of participants highlighted that
creating public awareness about climate change in
Afghanistan is crucial for promoting mitigation strategies
and solutions.

4.2.4. Preventing Deforestation and Smuggling

Ninety-six percent (96%) of participants reported that
deforestation significantly contributes to carbon emissions
and the loss of vital ecosystems. One participant
suggested that Afghanistan could combat this issue by
enforcing stricter regulations and penalties against illegal
logging and wood smuggling. Strengthening forest
management practices, public awareness campaigns, and
community engagement programs can educate local
populations about the importance of forests for climate
regulation and biodiversity conservation.

The majority emphasized that deforestation and
smuggling can be prevented through robust forest
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management and enforcing regulations and penalties. This
consensus highlights the necessity for comprehensive
strategies that combine legal, educational, and
community-based approaches to address and mitigate the
adverse effects of deforestation in Afghanistan.

4.2.5. Making a National Campaign for Greenery

According to 71% of participants, the national campaign
for greenery is expected to bring positive changes to
communities. The remaining participants further
supported this sentiment and highlighted that the
campaign could incorporate various strategies, such as
increasing public awareness through educational
programs, incentivizing tree planting, promoting urban
greening initiatives, and encouraging sustainable practices
in urban and rural areas.

Most respondents emphasized the myriad benefits of
green spaces, including improved air quality, enhanced
biodiversity, and overall well-being. This campaign has the
potential to inspire individuals, communities, and
businesses to actively engage in efforts to create a greener
and more sustainable future for all. The campaign aims to
foster a collective movement towards environmental
stewardship and resilience by integrating education,
incentives, and sustainable practices.

4.2.6. Store The Rain and Flood Water to Increase the
Volume of Water Storage

According to 93% of participants, there has been a
noticeable decrease in freshwater resources across various
provinces of Afghanistan. Many emphasized the
importance of capturing and storing rainwater and
floodwater as a strategy to secure additional water
resources. This approach not only reduces reliance on
existing freshwater sources but also enhances water
availability for various purposes.

The majority of participants highlighted the need to
establish a proper mechanism in collaboration with
national and international governments to support
communities in implementing rainwater and floodwater
storage initiatives. Such efforts are viewed as essential for
ensuring a sustainable future and effectively managing
water resources in the face of ongoing challenges related
to water scarcity.

4.2.7. Learn From the Experiences of Other Countries on
Climate Change

According to 76% of participants, the government and
related organizations should formulate a comprehensive
policy on climate change while learning from the
experiences of other countries. Many emphasized that
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successful approaches from nations that have effectively
reduced greenhouse gas emissions while achieving
economic growth could serve as valuable examples for
Afghanistan.

The majority of participants stressed the critical
importance of developing a comprehensive policy on
climate change to ensure a sustainable future. They believe
that by adopting well-informed strategies and drawing
lessons from international best practices, Afghanistan can
effectively address its climate challenges while promoting
social and economic well-being for its citizens.

4.2.8. Implement Projects in Different Areas of
Environmental Protection in Afghanistan

Ninety-six percent (96%) of participants indicated that
Afghanistan is a diverse country with various regions that
could greatly benefit from environmental protection
projects. Some participants noted that implementing
initiatives to protect and restore forests, mainly through
reforestation efforts in provinces like Paktia and Nangarhar,
can help combat deforestation, prevent soil erosion, and
preserve biodiversity. Others emphasized the importance
of developing sustainable water management systems,
especially in regions like Kandahar and Herat. These can
enhance irrigation techniques, promote efficient water use,
and address water scarcity issues.

Participants advocated for expanding renewable
energy infrastructure, such as solar and wind power
installations in Kabul and Balkh, to reduce reliance on fossil
fuels, decrease greenhouse gas emissions, and ensure
sustainable energy access. They also emphasized the
importance of implementing waste management projects
in urban centers like Kabul, Herat, and Mazar-e-Sharif to
improve disposal practices, promote recycling, and reduce
pollution. Additionally, promoting sustainable farming
practices, such as organic farming and agroforestry in
regions like Kunduz and Helmand, can enhance soil fertility,
conserve water, and minimize chemical inputs.
Furthermore, developing climate change adaptation
strategies in vulnerable areas like Badakhshan and Nimruz
is crucial, with initiatives such as building resilient
infrastructure, promoting drought-resistant crops, and
implementing early warning systems for natural disasters.

4.2.9. More Assessments and Research Should Be Done on
Climate Change in Afghanistan.

Seventy-five percent (75%) of participants expressed that
additional assessments and research on climate change in
Afghanistan are necessary. They underscored the
importance of implementing robust mitigation strategies
and solutions to ensure a sustainable future. One
participant emphasized the need for extensive
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assessments and research alongside adopting strategies
such as transitioning to renewable energy, implementing
sustainable agricultural practices, managing water
resources effectively, and promoting climate-resilient
infrastructure.

Participants highlighted that by combining increased
assessments and targeted research on climate change with
these mitigation strategies and solutions, Afghanistan can
pave the way for a sustainable future. This approach will
not only enhance the understanding of the unique
challenges posed by climate change in the country but also
facilitate the development of effective interventions that
promote environmental sustainability and resilience in the
face of ongoing climate-related threats.

4.2.10. Expansion and Proper Keeping of Green Plants and
Forests

According to 70% of survey participants, the development
and practical preservation of green plants and forests are
essential for combating climate change and ensuring a
sustainable future. The sustainability of forests and the
expansion of green vegetation play a critical role in
addressing climate change challenges while maintaining
the balance of global ecosystems. Effective forest
management is vital for reducing greenhouse gas
concentrations in the atmosphere, thus mitigating the
adverse effects of climate change [63]-[65].

Additionally, forests provide habitat for over 80% of
terrestrial species, including animals, plants, and fungi,
which are crucial for preserving the biodiversity necessary
for ecosystem stability and resilience [66], [67]. By
implementing sound management practices and fostering
active community participation, the benefits of forests can
be maximized for both the environment and humanity.
This approach not only aids in climate change mitigation
but also promotes comprehensive sustainability for future
generations.

4.2.11. Make a Comprehensive Policy and Strategic Plan
for Water Management

Ninety-five percent (95%) of participants emphasized that
water is crucial for a sustainable future. They called for the
government to develop a comprehensive policy and
strategic plan for water management. Such a policy should
guide the government, relevant organizations, and
communities in strategically constructing small and large
dams and irrigation systems throughout the country.
Participants highlighted that by implementing a
comprehensive policy and strategic plan for water
management in Afghanistan, the nation can mitigate the
impacts of climate change, ensure equitable access to
water, promote sustainable development, and secure a

sustainable future for its people and ecosystems. With
adequate water management practices, Afghanistan can
address current water scarcity challenges and enhance
resilience against future environmental stresses, ultimately
contributing to the overall well-being of communities and
the preservation of natural resources.

5. Conclusion

The research on addressing the causes and effects of
climate change in Afghanistan has shed light on the urgent
need for mitigation strategies and solutions to ensure a
sustainable future for the country. The identified causes,
including deforestation, fossil fuel consumption, land
conversion, and inefficient waste and water management,
have contributed to adverse effects such as drought,
glacier and snow melt, floods, storms, and increased
disease prevalence.

To address these challenges, the study emphasizes
the importance of collaborative efforts involving the
government, national and international organizations, and
the public. Mitigation strategies such as attracting foreign
aid, forming partnerships, raising awareness, preventing
deforestation and smuggling, implementing water storage
initiatives, learning from other countries' experiences, and
expanding green areas and forests are crucial steps
towards sustainable development.

The findings of this research have significant
implications for policymakers and climate change
organizations in Afghanistan. Given the country's
vulnerability to climate change, it is imperative to prioritize
developing and implementing comprehensive policies and
strategic plans. By incorporating the identified mitigation
strategies and solutions, Afghanistan can work towards a
sustainable future, mitigating the impacts of climate
change and fostering resilience in the face of
environmental challenges.

6. Direction for Future Studies

Conducting longitudinal studies in Afghanistan would
provide a comprehensive understanding of long-term
climate change trends and impacts, offering valuable
insights into the effectiveness of implemented mitigation
strategies over time. The research would capture diverse
perspectives and enrich the development of inclusive,
context-specific mitigation strategies by involving a
broader range of stakeholders, such as local communities,
indigenous groups, and non-governmental organizations.
This collaborative approach ensures that the voices of
those directly affected by climate change are heard,
leading to more sustainable and relevant solutions.
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Additionally, conducting economic assessments of
the costs and benefits of various mitigation strategies
would equip policymakers with crucial information about
the feasibility and trade-offs of different approaches.
Integrating climate modeling techniques can further
enhance the understanding of future climate scenarios and
their specific impacts on Afghanistan, helping prioritize
and effectively tailor mitigation strategies. Evaluating the
effectiveness of existing policies and strategic plans
related to climate change and identifying improvement
areas would support evidence-based policy-making and
enhance the country's adaptive capacity. Facilitating
knowledge exchange and collaboration with other
countries facing similar climate challenges would allow
Afghanistan to learn from their experiences and best
practices, informing the development of more effective
and context-specific mitigation strategies.

Acknowledgments

| am deeply grateful to everyone who contributed to this
work. My heartfelt thanks go to my mentors and advisors
for their guidance, my colleagues and friends for their
collaboration, and the survey participants for their insights.
Above all, | am indebted to my family for their unwavering
support.

References

[11 T. R Karl and K. E. Trenberth, “Modern Global Climate
Change,” Science (80-. )., vol. 302, no. 5651, pp. 1719-1723,
2003, doi: 10.1126/science.1090228.

[2] V. Kumar, D. Ranjan, and K. Verma, “Global climate change:
The loop between cause and impact,” in Global Climate
Change, Elsevier, 2021, pp. 187-211.

[3] J. E. Walsh et al, "Extreme weather and climate events in
northern areas: A review,” Earth-Science Rev., vol. 209, p.
103324, 2020, doi: 10.1016/j.earscirev.2020.103324.

[4] P. Nema, S. Nema, and P. Roy, “An overview of global
climate changing in current scenario and mitigation action,”
Renew. Sustain. Energy Rev., vol. 16, no. 4, pp. 2329-2336,
2012, doi: 10.1016/j.rser.2012.01.044.

[5] E.Bryant, Climate process and change. Cambridge University
Press, 1997.

[6] H.Buhaug, The Weather Makers: How Man Is Changing the
Climate and What It Means for Life on Earth, vol. 44, no. 1.
Grove Press, 2007.

[71 R. Rostami, S. M. Khoshnava, H. Lamit, D. Streimikiene, and
A. Mardani, "An overview of Afghanistan’s trends toward
renewable and sustainable energies,” Renew. Sustain.
Energy Rev., vol. 76, pp. 1440-1464, 2017, doi:
10.1016/j.rser.2016.11.172.

[8] R. A. Garcia, M. Cabeza, C. Rahbek, and M. B. Arayjo,
“Multiple dimensions of climate change and their
implications for biodiversity,” Science (80-. )., vol. 344, no.
6183, p. 1247579, 2014, doi: 10.1126/science.1247579.

[91 S. M. McMahon et al, "Improving assessment and

93

(10]

(1]

[12]

(13]

[14]

(13]

[16]

(17]

(18]

(19]

[20]

(21]

[22]

[23]

[24]

modelling of climate change impacts on global terrestrial
biodiversity,” Trends Ecol. Evol., vol. 26, no. 5, pp. 249-259,
2011, doi: 10.1016/j.tree.2011.02.012.

P. Smith et al, "Greenhouse gas mitigation in agriculture,”
Philos. Trans. R. Soc. B Biol. Sci., vol. 363, no. 1492, pp. 789-
813, 2008, doi: 10.1098/rstb.2007.2184.

National Environmental Protection Agency, “Biennial
Update Report of the Government of the Islamic Republic
of Afghanistan to the United Nations Framework
Convention on Climate Change,” Kabul, Afganistan, 2019.
X. L. Yue and Q. X. Gao, “Contributions of natural systems
and human activity to greenhouse gas emissions,” Adv. Clim.
Chang. Res., vol. 9, no. 4, pp. 243-252, 2018, doi:
10.1016/j.accre.2018.12.003.

K. O. Yoro and M. O. Daramola, "CO2 emission sources,
greenhouse gases, and the global warming effect” in
Advances in Carbon Capture: Methods, Technologies and
Applications, Elsevier, 2020, pp. 3-28.

D. Weisser, “A guide to life-cycle greenhouse gas (GHG)
emissions from electric supply technologies,” Energy, vol. 32,
no. 9, pp- 1543-1559, 2007, doi:
10.1016/j.energy.2007.01.008.

K. Sakadevan and M. L. Nguyen, “Livestock Production and
Its Impact on Nutrient Pollution and Greenhouse Gas
Emissions,” Adv. Agron., vol. 141, pp. 147-184, 2017, doi:
10.1016/bs.agron.2016.10.002.

T. C. Ponsioen and T. J. Blonk, “Calculating land use change
in carbon footprints of agricultural products as an impact of
current land use,” J. Clean. Prod., vol. 28, pp. 120-126, 2012,
doi: 10.1016/jjclepro.2011.10.014.

Y. Wu and C. Huang, “Climate Change and Vector-Borne
Diseases in China: A Review of Evidence and Implications for
Risk Management,” Biology (Basel)., vol. 11, no. 3, p. 370,
2022, doi: 10.3390/biology11030370.

P. J. Brown and A. T. DeGaetano, “A paradox of cooling
winter soil surface temperatures in a warming northeastern
United States,” Agric. For. Meteorol., vol. 151, no. 7, pp. 947—
956, 2011, doi: 10.1016/j.agrformet.2011.02.014.

W. Thuiller et al., "Predicting global change impacts on plant
species’ distributions: Future challenges,” Perspect. Plant
Ecol. Evol. Syst., vol. 9, no. 3-4, pp. 137-152, 2008, doi:
10.1016/j.ppees.2007.09.004.

K. L. Gage, T. R. Burkot, R. J. Eisen, and E. B. Hayes, “Climate
and Vectorborne Diseases,” Am. J. Prev. Med., vol. 35, no. 5,
pp. 436450, 2008, doi: 10.1016/j.amepre.2008.08.030.
A.Vu, S. Rutherford, and D. Phung, "Heat health prevention
measures and adaptation in older populations—a
systematic review,” Int. J. Environ. Res. Public Health, vol. 16,
no. 22, p. 4370, 2019, doi: 10.3390/ijerph16224370.

D. Bogdanov et al, "Low-cost renewable electricity as the
key driver of the global energy transition towards
sustainability,” Energy, vol. 227, p. 120467, 2021, doi:
10.1016/j.energy.2021.120467.

M. Casini, Smart Buildings: Advanced Materials and
Nanotechnology to Improve Energy-Efficiency and
Environmental Performance. Woodhead Publishing, 2016.
N. Zhou, M. D. Levine, and L. Price, “"Overview of current
energy-efficiency policies in China,” Energy Policy, vol. 38,
no. 11, pp. 6439-6452, 2010, doi:



International Journal of Environment, Engineering and Education, Vol. 6, No. 2, pp. 84-95, 2024

[25]

(26]

[27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

[35]

(36]

(37]

(38]

(39]

10.1016/j.enpol.2009.08.015.

D. J. Wuebbles and A. K. Jain, “Concerns about climate
change and the role of fossil fuel use,” Fuel Process. Technol,,
vol. 71, no. 1-3, pp. 99-119, 2001, doi: 10.1016/S0378-
3820(01)00139-4.

S. Thomas, P. Dargusch, S. Harrison, and J. Herbohn, “Why
are there so few afforestation and reforestation Clean
Development Mechanism projects?,” Land use policy, vol. 27,
no. 3 pp. 880-887, 2010, doi:
10.1016/j.landusepol.2009.12.002.

A. Trabucco, R. J. Zomer, D. A. Bossio, O. van Straaten, and
L. V. Verchot, “Climate change mitigation through
afforestation/reforestation: A global analysis of hydrologic
impacts with four case studies,” Agric. Ecosyst. Environ., vol.
126, no. 1-2, pp- 81-97, 2008, doi:
10.1016/j.agee.2008.01.015.

R. B. Wakweya, “Challenges and prospects of adopting
climate-smart agricultural practices and technologies:
Implications for food security,” J. Agric. Food Res., vol. 14, p.
100698, 2023, doi: 10.1016/j.,jafr.2023.100698.

E. DeNicola, O. S. Aburizaiza, A. Siddique, H. Khwaja, and D.
O. Carpenter, “Climate change and water scarcity: The case
of Saudi Arabia,” Ann. Glob. Heal., vol. 81, no. 3, pp. 342—
353, 2015, doi: 10.1016/j.a0gh.2015.08.005.

World Bank, Energy Security Trade-Offs Under High
Uncertainty:  Resolving ~ Afghanistan’s  Power  Sector
Development Dilemma. World Bank, 2016.

C. Raleigh and H. Urdal, "Climate change, environmental
degradation and armed conflict,” Polit. Geogr., vol. 26, no. 6,
pp. 674-694, 2007, doi: 10.1016/j.polgeo.2007.06.005.

E. Lioubimtseva and G. M. Henebry, “Climate and
environmental change in arid Central Asia: Impacts,
vulnerability, and adaptations,” J. Arid Environ., vol. 73, no.
11, pp. 963-977, 2009, doi: 10.1016/j jaridenv.2009.04.022.
S. Mukherjee, J. Pal, S. Manna, A. Saha, and D. Das, “El-Nifo
Southern Oscillation and its effects,” in Visualization
Techniques for Climate Change with Machine Learning and
Atrtificial Intelligence, Elsevier, 2023, pp. 207-228.

R. Yan et al, "Interactive effects of the El Nino-Southern
Oscillation and Indian Ocean Dipole on the tropical net
ecosystem productivity,” Agric. For. Meteorol., vol. 336, p.
109472, 2023, doi: 10.1016/j.agrformet.2023.109472.

D. Ubilava and C. G. Helmers, “Forecasting ENSO with a
smooth transition autoregressive model,” Environ. Model.
Softw., vol. 40, pp. 181-190, 2013, doi:
10.1016/j.envsoft.2012.09.008.

H. Cooley, Floods and Droughts. Island Press: Washington,
DC, USA, 2017.

R. A. Duchenne-Moutien and H. Neetoo, “Climate change
and emerging food safety issues: A review,” J. Food Prot., vol.
84, no. 11, pp. 1884-1897, 2021, doi: 10.4315/JFP-21-141.
G. Rasul, "Food, water, and energy security in South Asia: A
nexus perspective from the Hindu Kush Himalayan
region{star, open},” Environ. Sci. Policy, vol. 39, pp. 35-48,
2014, doi: 10.1016/j.envsci.2014.01.010.

A. Hussain et al, "Hydropower development in the Hindu
Kush Himalayan region: Issues, policies and opportunities,”
Renew. Sustain. Energy Rev., vol. 107, pp. 446-461, 2019, doi:
10.1016/j.rser.2019.03.010.

[40]

(41]

(42]

[43]

(44]

[45]

[46]

[47]

(48]

[49]

(50]

[51]

(52]

(53]

[54]

(53]

[56]

(57]

(58]

[59]

T. Tscharntke et al, "Global food security, biodiversity
conservation and the future of agricultural intensification,”
Biol. Conserv., vol. 151, no. 1, pp. 53-59, 2012, doi:
10.1016/j.biocon.2012.01.068.

V. Braun and V. Clarke, “Using thematic analysis in
psychology,” Qual. Res. Psychol., vol. 3, no. 2, p. 77, 2006.

J. W. Creswell, Research Design: Qualitative, Quantitative,
and Mixed Method Approaches, 4th ed. Thousand Oaks,
California: SAGE Publications, Inc., 2014.

R. Singh and N. S. Mangat, Simple Random Sampling. In:
Elements of Survey Sampling. Kluwer Texts in the
Mathematical Sciences, vol. 15. Springer Science & Business
Media, 1996.

L. Given, “Snowball Sampling,” SAGE Encycl. Qual. Res.
Methods, pp. 148-170, 2012, doi:
10.4135/9781412963909.n425.

C. Noy, "Sampling knowledge: The hermeneutics of
snowball sampling in qualitative research,” Int. J. Soc. Res.
Methodol, vol. 11, no. 4, pp. 327-344, 2008, doi:
10.1080/13645570701401305.

M. Q. Patton, Qualitative research &amp, evaluation
methods: integrating theory and practice. Sage publications,
2002.

J. Vaivio, Interviews - Learning the Craft of Qualitative
Research Interviewing, vol. 21, no. 1. Sage publications, 2012.
G. Allan and C. Skinner, Handbook for research students in
the social sciences. Oxford University Press, USA, 2006.

S. Brinkmann, Qualitative interviewing. Oxford University
Press, USA, 2013.

E. R. Van Teijlingen, A. M. Rennie, V. Hundley, and W.
Graham, "The importance of conducting and reporting pilot
studies: The example of the Scottish Births Survey,” J. Adv.
Nurs., vol. 34, no. 3, pp. 289-295, 2001, doi: 10.1046/j.1365-
2648.2001.01757.x.

N. Jairath, M. Hogerney, and C. Parsons, “The role of the
pilot study: A case illustration from cardiac nursing research,”
Appl. Nurs. Res., vol. 13, no. 2, pp. 92-96, 2000, doi:
10.1016/S0897-1897(00)80006-3.

A. Rubin and E. R. Babbie, Empowerment series: Research
methods for social work. Cengage Learning, 2016.

H. Snyder, Qualitative interviewing: The art of hearing data,
vol. 18, no. 2. sage, 1996.

R. Edwards and J. Holland, What is qualitative interviewing?
Bloomsbury Academic, 2013.

K. Musselwhite, L. Cuff, L. McGregor, and K. M. King, “The
telephone interview is an effective method of data
collection in clinical nursing research: A discussion paper,”
Int. J. Nurs. Stud., vol. 44, no. 6, pp. 1064-1070, 2007, doi:
10.1016/j.ijnurstu.2006.05.014.

J. Holstein and J. Gubrium, “Transcription Quality,” Insid.
Interviewing, pp. 266-287, 2012, doi:
10.4135/9781412984492.n13.

J. Saldafa and M. Omasta, Qualitative Research: Analyzing
life. Sage Publications, 2018.

L. S. Nowell, J. M. Norris, D. E. White, and N. J. Moules,
“Thematic Analysis: Striving to Meet the Trustworthiness
Criteria,” Int. J. Qual. Methods, vol. 16, no. 1, pp. 1-13, 2017,
doi: 10.1177/1609406917733847.

A. Castleberry and A. Nolen, “Thematic analysis of

94



(60]

[61]

(62]

(63]

I. U. Stanikzai, W. U. Hamdard, A. H. Sereet, F. Aryan, “Addressing the Causes and Effects of Climate Change: Mitigation Strategies and Solutions for a Sustainable Future”

qualitative research data: Is it as easy as it sounds?,” Curr.
Pharm. Teach. Learn., vol. 10, no. 6, pp. 807-815, 2018, doi:
10.1016/j.cptl.2018.03.019.

P. Panagos and A. Katsoyiannis, “Soil erosion modelling: The
new challenges as the result of policy developments in
Europe,” Environmental Research, vol. 172. Elsevier, pp. 470—
474, 2019, doi: 10.1016/j.envres.2019.02.043.

R. E. Bowen and C. Riley, "Socio-economic indicators and
integrated coastal management,” Ocean Coast. Manag., vol.
46, no. 3-4, pp. 299-312, 2003, doi: 10.1016/S0964-
5691(03)00008-5.

R. Hafezi and M. Alipour, "Renewable Energy Sources:
Traditional and Modern-Age Technologies,” in Affordable
and clean energy, Springer, 2021, pp. 1085-1099.

F. Werner, R. Taverna, P. Hofer, E. Thiirig, and E. Kaufmann,
“National and global greenhouse gas dynamics of different
forest management and wood use scenarios: a model-

[64]

[65]

(66]

[67]

based assessment,” Environ. Sci. Policy, vol. 13, no. 1, pp. 72—
85, 2010, doi: 10.1016/j.envsci.2009.10.004.

M. Lindner et al, "Climate change and European forests:
What do we know, what are the uncertainties, and what are
the implications for forest management?,” J. Environ.
Manage., vol. 146, pp. 69-83, 2014, doi
10.1016/j,jenvman.2014.07.030.

M. Lindner et al, “Climate change impacts, adaptive
capacity, and vulnerability of European forest ecosystems,”
For. Ecol. Manage., vol. 259, no. 4, pp. 698-709, 2010, doi:
10.1016/j.foreco.2009.09.023.

J. Reiss, J. R. Bridle, J. M. Montoya, and G. Woodward,
“Emerging horizons in biodiversity and ecosystem
functioning research,” Trends Ecol. Evol., vol. 24, no. 9, pp.
505-514, 2009, doi: 10.1016/j.tree.2009.03.018.

G. F. Midgley, Biodiversity and ecosystem function, vol. 335,
no. 6065. Springer Science & Business Media, 2012.

[©Nolel

95

© 2024 by the authors. Licensee by Three E Science Institute (International Journal of Environment, Engineering & Education).
This article is an open-access article distributed under the terms and conditions of the Creative Commons Attribution-ShareAlike 4.0 (CC BY SA)
International License. (http://creativecommons.org/licenses/by-sa/4.0/).


http://creativecommons.org/licenses/by-sa/4.0/

