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Abstract: Climate change is a global phenomenon that has significant impacts on various aspects of human life, including the
environment, economy, and social well-being. Afghanistan, one of the least developed and most vulnerable countries to climate
change, is facing alarming effects due to its high dependence on agricultural livelihoods, fragile environment, poor socio-
economic development, high frequency of natural hazards, and over four decades of conflict. This comprehensive review aims
to provide an overview of the current state of knowledge on the impact of climate change on Afghanistan's environment,
economy, and society, and to highlight the vulnerability of Afghanistan to climate change. The review also explores the chemical
composition of air pollutants in Afghan cities, the impact of air and water pollution on human health and the environment, the
influence of climate change on soil composition and nutrient availability, and the implications for water resources, including
groundwater quality and availability. Finally, the review discusses the chemical aspects of climate change adaptation and
mitigation efforts in Afghanistan, focusing on innovative technologies and practices to address climate-related challenges in the
country.
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1. Introduction

Climate change is a global phenomenon that has significant impacts on various aspects of human life,
including the environment, economy, and social well-being. Even under the most optimistic scenarios for limited
global greenhouse gas emissions, Afghanistan will have to adapt to steep temperature increases and changes in
precipitation patterns(Aich & Khoshbeen, 2023; How Air Pollution Affects Our Health, 2023). Rising temperatures
are rapidly altering precipitation patterns across Afghanistan, diminishing people's access to water, and making it
among the world's most vulnerable countries to climate change (Afghanistan: The Alarming Effects of Climate
Change | OCHA, 2023). Climate change will make it extremely challenging to maintain any economic and
development gains achieved so far in Afghanistan (WFP et al., 2016). This comprehensive review on Chemical
Perspectives on the Impact of Climate Change in Afghanistan aims to provide an overview of the current state of
knowledge on the impact of climate change on Afghanistan's environment, economy, and society.

Afghanistan is one of the least developed and most vulnerable countries to climate change, facing alarming
effects due to its high dependence on agricultural livelihoods, fragile environment, poor socio-economic
development, high frequency of natural hazards, and over four decades of conflict (Snyman, 2020). The country
ranks fourth on the list of countries most at risk of a crisis and eighth on the Notre Dame Global Adaptation Index
of countries most vulnerable and least prepared to adapt to climate change(Afghanistan: The Alarming Effects of
Climate Change | OCHA, 2023). Afghanistan faces rates of warming higher than the global average, with a potential
rise of 1.4°C-5.4°C by the 2080s and 2090s, compared with the baseline of 1986-2005, making it extremely
susceptible to the impacts of climate change (Afghanistan - Climatology | Climate Change Knowledge Portal, 2023).
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Figure 1: The figure presents the monthly climatology of Afghanistan for the period 1991-2020, showing average minimum,
mean, and maximum surface air temperatures along with precipitation levels. The temperature data is illustrated by three lines:
the yellow line for average minimum temperature, the orange line for average mean temperature, and the red line for average
maximum temperature. These temperatures range from below -10°C in January to above 30°C in July. The precipitation is
represented by blue bars, with the highest levels occurring in March and April at approximately 60 mm, and the lowest levels
occurring from June to September.

Figure 2: Average Mean Surface Air temperature of Annual From 1991-2020
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Figure 3: DEC-JAN-FEB Observed Climatology of Average Mean Surface Air Temperature 1991-2020; Afghanistan
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Figure 4:MAR-APR-MAY Observed Climatology of Average Mean Surface Air Temperature 1991-2020; Afghanistan
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Figure 5: JUN-JUL-AUG Observed Climatology of Average Mean Surface Air Temperature 1991-2020; Afghanistan
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Figure 6: SEP-OCT-NOV Observed Climatology of Average Mean Surface Air Temperature 1991-2020; Afghanistan
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Observed Annual Average Mean Surface Air Temperature of Afghanistan for 1901.2022

Figure 7: The graph shows the observed annual average mean surface air temperature in Afghanistan from 1901 to 2022.
The annual mean temperature is represented by the light blue line, which exhibits fluctuations throughout the period. A darker
blue line represents a 5-year smoothed trend, highlighting the overall increase in temperature over time. The data indicates a
gradual warming trend, with temperatures rising from around 12°C in the early 1900s to approximately 14°C by 2022.

The purpose of this comprehensive review is to provide an overview of the current state of knowledge on
the impact of climate change on Afghanistan's environment, economy, and society. The review aims to highlight
the vulnerability of Afghanistan to climate change, which is one of the least developed and most vulnerable countries
to climate change, facing alarming effects due to its high dependence on agricultural livelihoods, fragile
environment, poor socio-economic development, high frequency of natural hazards, and over four decades of
conflict. The scope of the review includes an assessment of the current state of knowledge on the impact of climate
change on Afghanistan's environment, economy, and society, as well as potential adaptation strategies and priorities
for action based on national strategies and plans

Materials and Methods

The materials and methods for the comprehensive review "Chemical Perspectives on the Impact of Climate
Change in Afghanistan™ involve a comprehensive assessment and planning, policy development, data collection and
analysis, and a multi-faceted approach to addressing climate-related challenges in Afghanistan. The Afghanistan
Vulnerability and Adaptation Technical Assessment Report aims to identify the main impacts of climate change on
important sectors and propose priorities for adaptation action based on national strategies and plans. The
Comprehensive Migration Policy (CMP) addresses the impacts of climate change, displacement, and migration in
Afghanistan. The National Capacity Needs Self-Assessment for Global Environmental Management (NCSA) and
the Climate Change Science Perspectives report provide valuable information for identifying key adaptation needs,
potential adaptation options, and evaluation criteria. The review includes an assessment of the current state of
knowledge on the impact of climate change on Afghanistan's environment, economy, and society, as well as
potential adaptation strategies and priorities for action based on national strategies and plans. By integrating
chemical aspects into adaptation and mitigation strategies, Afghanistan is working to build resilience and reduce the
impacts of climate change on its people and ecosystems.

Climate Change in Afghanistan

Climate change is having significant impacts on Afghanistan, a country that is already facing various
challenges related to security, poverty, and underdevelopment. The country is experiencing several key climate
change trends and data-specific issues:

Rising Temperatures: Afghanistan faces rates of warming higher than the global average, with a potential rise of
1.4°C-5.4°C by the 2080s and the 2090s, compared with the baseline of 1986-2005(WBG & ADB, 2021) .

Increased Drought and Floods: The country is experiencing an increase in drought due to low precipitation and
reduced snowfall, as well as more frequent floods due to heavy and uneven rainfall, which has increased by between
10 percent and 25 percent over the last 30 years (Sayed & Sadat, 2022).

Warmer Temperatures: The average temperatures in Afghanistan are on average 1.8 degrees Celsius higher than
in 1950 (Climate Change Compounds Longstanding Displacement in Afghanistan - Afghanistan | ReliefWeb, 2023).

These climate changes are affecting the country's environment and society in several ways:

Impact on Agriculture: Climate change is affecting farmers and pastoralists in different regions across
Afghanistan, leading to reduced crop yields and livestock losses (Safi et al., 2024; Sayed & Sadat, 2022).
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Displacement: Droughts and floods have prompted mass movements, leaving about 4 million people in need of
humanitarian assistance in 2018[2]. In 2018, Afghans were displaced more often due to environmental and natural
disasters than conflict (Climate Change Compounds Longstanding Displacement in Afghanistan - Afghanistan |
ReliefWeb, 2023; Sayed & Sadat, 2022).
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Figure 8: Internal Displacements in Afghanistan by Cause, 2010-21

Health Risks: Climate change is exacerbating health risks, as people are exposed to more frequent and severe
weather events, such as floods and droughts (WBG & ADB, 2021).

Economic Impact: The economy is also feeling the effects of climate change, as reduced agricultural productivity
and increased natural disasters lead to decreased economic growth and development (Jawid & Khadjavi, 2019).

To address the challenges posed by climate change, Afghanistan needs to develop and implement effective
policies and strategies. Some efforts have been made to develop new climate change projections to fill the existing
gap of scientifically robust climate data in Afghanistan, with the aim of mainstreaming climate change into the
country's development process (Environment, 2016). The Comprehensive Migration Policy (CMP) is one such
policy that addresses the impacts of climate change, displacement, and migration in Afghanistan (Sayed & Sadat,
2022). However, more efforts are needed to strengthen the country's resilience to climate change and develop
effective mitigation and adaptation measures.

Chemistry of Air and Water Quality in Afghanistan

Air and water quality in Afghanistan are significant concerns, with both experiencing changes that impact
human health and the environment.

Air Quality

Air pollution is a major issue in Afghan cities, with Kabul experiencing some of the worst air quality in
the world. In 2019, Kabul had an annual PM2.5 concentration of 58.8 pg/m?, placing it in the "unhealthy" category,
which requires PM2.5 concentrations between 55.5 to 150.4 pg/m* (Afghanistan Air Quality Index (AQI) and Air
Pollution Information | 1QAir, 2024) . Afghanistan ranked fourth in a list of most polluted countries, just behind
Mongolia, Pakistan, and Bangladesh(Afghanistan Air Quality Index (AQI) and Air Pollution Information | IQAIr,
2024).

Kabul's air quality is influenced by various factors, including rapid urbanization, poor-quality fuel, burning
trash, industrial activities, and household cooking stoves (Gasping for Air in Kabul, 2023).
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Figure 9: Health impacts of air pollution

Water Quality

Water quality in Afghanistan is also a significant concern, with changes in water chemistry affecting both
the quality and availability of water. A study conducted in the Kabul Basin found that groundwater consists primarily
of two types, classified as calcium and magnesium bicarbonate and sodium and chloride types (Gasping for Air in
Kabul, 2023). The chemical composition of groundwater is influenced by water-rock interactions (Afghanistan Air
Quality Index (AQI) and Air Pollution Information | IQAIr, 2024). The quality of drinking water in Afghanistan is
affected by various chemical parameters, including pH, total dissolved solids, hardness, and nitrate (Rana et al.,
2019; The Slow Violence of Pollution in Afghanistan - CEOBS, 2018).

Afghanistan is facing significant challenges related to air and water quality, which are having serious
impacts on human health and the environment. The chemical composition of air pollutants in Afghan cities includes
particulate matter, ozone, and indoor air pollution associated with the combustion of solid fuels. The impact of air
pollution on human health is significant, with high levels of child mortality. Changes in water chemistry are affecting
both the quality and availability of water, with groundwater in the Kabul Basin consisting primarily of two types or
classifications. The impact of water pollution on human health and agriculture is significant, and more efforts are
needed to address these challenges and develop effective mitigation and adaptation measures.

Impact of air pollution on human health and the environment

The impact of air pollution on human health and the environment is significant and multifaceted. Air
pollution is responsible for more than 6.5 million deaths each year globally, and it has various long-term effects on
human health, including chronic asthma, pulmonary insufficiency, cardiovascular diseases, and cardiovascular
mortality (Manisalidis et al., 2020; National Institute of Environmental Health Sciences: Air Pollution and Your
Health, 2023). Air pollution can also lead to infant mortality or chronic diseases in adult age due to its effects on
early human life(Manisalidis et al., 2020).

Some of the key impacts of air pollution on human health include:
Respiratory issues: Air pollution can cause short-term respiratory infections, leading to more school absences

(National Institute of Environmental Health Sciences: Air Pollution and Your Health, 2023). Children living near
busy roads are at increased risk for asthma(Patrick, 2016).

Cardiovascular diseases: Long-term exposure to air pollution can increase the risk of heart attack (Patrick, 2016).

Particulate matter with a diameter of 2.5 um or less (PM2.5) is associated with an increased risk of stroke, chronic
obstructive pulmonary disease, trachea, bronchus, and lung cancers(How Air Pollution Affects Our Health, 2023).
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Diabetes: A Swedish cohort study suggests that long-term air pollution exposure may induce diabetes(Manisalidis
et al., 2020).

Environmental effects: Air pollution can cause acid rain, which can acidify water and soil environments, damage
trees and plantations, and even damage buildings and outdoor sculptures, constructions, and statues[1]. Haze,
produced when fine particles are dispersed in the air, reduces the transparency of the atmosphere(Manisalidis et al.,
2020).

To address these issues, comprehensive monitoring, effective policies, and sustainable management of air
and water resources are required to ensure the well-being of the population and the environment.

Water chemistry

The chemical composition of water, including its quality and availability, is a critical aspect of
environmental and public health. In Afghanistan, the quality and availability of water are influenced by various
factors, including natural processes, human activities, and climate change. The chemical parameters most likely to
be found in the groundwater in Afghanistan include minerals or salts such as calcium, sodium, bicarbonate, and
chloride, as well as plant nutrients like nitrogen and phosphorus (Sundem, 2014).

A detailed assessment of groundwater quality in the Kabul Basin, Afghanistan, revealed that the
groundwater consists primarily of two types or classifications based on major ion chemistry. The first group is
classified as a calcium and magnesium bicarbonate type, while the second group is classified as a sodium and
chloride type(Jawadi et al., 2020).

The impact of changes in water chemistry on human health and the environment is a growing concern,
particularly in densely populated areas such as Kabul. Compromising the quality of ground and surface water
endangers the health and safety of residents. Assessing the quality of water is mainly based on its physicochemical
components, biological quality, and heavy metals concentrations (Saalidong et al., 2022).

In Europe, new evidence about chemical pollution and water scarcity are growing concerns. Climate
change is amplifying water quantity and quality challenges, with more frequent and intense droughts and floods.
Water scarcity is expected to worsen, especially in southern Europe, affecting all sectors. Groundwater supplies
about 65% of drinking water in the EU, making it essential to address pollution and improve wastewater treatment
to ensure clean and safe water resources (Water Quality and Quantity Are Key for Well-Being, 2023).

Soil Chemistry and Agriculture
The influence of climate change on soil composition and nutrientavailability

Climate change has significant impacts on soil composition and nutrient availability, which in turn affect
agriculture and food security. In Afghanistan, the effects of climate change on soil properties and processes, as well
as the corresponding influence on food security, are a growing concern. Some of the key impacts of climate change
on soil chemistry and agriculture include:

Soil erosion: Climate change increases soil erosion, which damages soil properties essential for food
production(Brevik, 2013).

Soil moisture levels: Climate change influences soil moisture levels through direct climatic effects (precipitation,
temperature effects on evaporation) and climate-induced changes in vegetation and plant growth rates(Pareek,
2017).

Soil salinity: Rising sea levels and increased soil surface temperature can lead to increased soil salinity in coastal
agriculture lands, negatively affecting crop productivity(Ullah et al., 2021).

Soil fertility: Climate change can lead to reduced soil fertility, which in turn affects agricultural productivity and
food security(Hamidov et al., 2018).

Pest infestations: Climate change can create more favorable conditions for pests, leading to increased infestations
and reduced crop yields(Climate Change Impacts on Agriculture and Food Supply | US EPA, 2023).

To address these challenges, it is crucial to develop and implement effective policies and strategies to adapt
to the changing climate. Some potential adaptation strategies include crop rotation, integrated pest management,
and the use of climate-resilient crop varieties. Additionally, research is ongoing to help prepare for a changing
climate, including the development of new agricultural practices and policies(Food & Soil Health | Soil and
Environmental Biogeochemistry, 2023).
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Altered Soil Chemistry Affects Agricultural Practices And Food Security

Altered soil chemistry can significantly affect agricultural practices and food security. Soil degradation,
for example, can drive food insecurity, and sustainable management is needed to address this issue (Pozza & Field,
2020). Climate change can lead to reduced soil fertility, which in turn affects agricultural productivity and food
security. Soil erosion, another impact of climate change, can damage soil properties essential for food
production(Reimagining the Role of Chemistry in Food Security - American Chemical Society, 2023).

To address these challenges, chemists are exploring new areas of innovation to meet the needs of a growing
world population. Some examples include better growing techniques, regenerative farming, water use efficiency,
drought-resistant crops, soil improvement practices, and precision agriculture. Sustainable soil management is also
essential to maintain and increase food production, and through the practice of conservation agriculture, the rate of
soil loss can be reduced to approximately equal the rate of soil formation(Parikh & James, 2012).

Healthy soils are foundational to sustainable food production, and food security is a major concern in the
face of climate change, population growth, and planetary boundaries[5]. Therefore, it is crucial to develop and
implement effective policies and strategies to adapt to the changing climate and ensure sustainable soil management
practices to maintain and increase food production and food security(Food & Soil Health | Soil and Environmental
Biogeochemistry, 2023).

Water Resources and Hydrochemistry

Climate change has led to significant shifts in hydrochemistry due to changes in precipitation patterns and
glacial melt. These changes have had a profound impact on water resources and water quality. Here are some key
findings from the provided sources:

Reduced Dry-Season Water Availability: Climate-induced shifts, such as decreasing snow cover and glacier mass
loss, have led to reduced dry-season water availability in various regions. This is driven by factors such as increasing
transpiration and earlier onset of snowmelt, contributing to drying in dry summer climates(Chapter 4: Water |
Climate Change 2022: Impacts, Adaptation and Vulnerability, n.d.).

Impact on Water Availability and Quality: Changes in the location and amount of precipitation have affected
water availability and quality. Increased precipitation can lead to higher water supplies, while reduced precipitation
can decrease net water supplies, particularly due to predicted temperature rises causing increased evaporation rates.
Changes in the timing, intensity, and duration of precipitation can also negatively affect water quality, leading to
issues such as flooding, increased pollution, and sedimentation (The Effect of Climate Change on Water Resources
and Programs | Watershed Academy Web | US EPA, 2023).

Glacial Melt and Runoff: In regions where glacial melt has increased runoff, this has benefited agriculture.
However, the long-term implications of glacial mass loss on water resources and agriculture are a growing concern,
particularly in areas where glacial runoff is a significant water source(Piao et al., 2010).

Water pH and Quality: Water pH is an important factor in determining water quality. Changes in pH can influence
the availability of metals and other water quality parameters, impacting the overall quality of ground and surface
water systems (Saalidong et al., 2022).

These findings underscore the complex and multifaceted impacts of climate-induced shifts in precipitation
and glacial melt on water resources and hydrochemistry. It is evident that these changes have far-reaching
implications for water availability, water quality, and the sustainability of agricultural practices, emphasizing the
need for comprehensive monitoring and adaptive water resource management strategies.

Changes In Hydrochemistry Due To Climate-Induced Shifts In Precipitation And Glacial Melt

The response of the hydrological cycle to temperature changes in recent and distant climatic history has
been a subject of study. The prevailing theory suggests that as temperature increases, the hydrological cycle is
intensified, leading to more and heavier precipitation. However, the spatiotemporal distribution of this response is
heterogeneous, making it difficult to quantify hydroclimate variability on a regional, continental, and global scale.
Large-scale paleo-hydroclimatic shifts, especially during warm periods, require further investigation as they could
provide new insights into present and future hydroclimate variability. In general, most paleoclimate records suggest
that the hydrological cycle intensified in warmer climates and weakened during colder periods. However, the spatial
distribution of these changes was not homogeneous. The impact of climate change on the cryosphere and
hydrosphere in the Alps is expected to lead to a decrease in annual river discharge by 2100. The effect of temperature
increase and accelerated melting is of primary importance, with enhanced evapotranspiration directly caused by
warmer conditions playing a major role in runoff evolution. The impact of climate change and glacier mass loss on
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the hydrology in the Mont-Blanc massif is expected to lead to a decrease in annual river discharge by 2100(Deacu
etal., 2012; U.S. Global Change Research Program, 2018).

Climate-induced shifts in precipitation and glacial melt have led to significant changes in hydrochemistry,
impacting water resources and quality. These changes include reduced dry-season water availability, influenced by
decreasing snow cover and glacier mass loss, and changes in the location and amount of precipitation affecting
water availability and quality. Glacial melt has also impacted stream hydrochemistry, with runoff being rich in fine
sediment, affecting the stream hydrochemistry of headwater catchments. Additionally, changes in water pH due to
climate-induced shifts can influence the availability of metals and other water quality parameters, impacting the
overall quality of ground and surface water systems. These findings underscore the complex and multifaceted
impacts of climate-induced shifts in precipitation and glacial melt on water resources and hydrochemistry,
emphasizing the need for comprehensive monitoring and adaptive water resource management strategies (Barkdull
et al., 2021; Castellazzi et al., 2019; Du et al., 2022; Yapiyev et al., 2021).

Chemistry of Adaptation and Mitigation Strategies

The chemical aspects of climate change adaptation and mitigation efforts in Afghanistan are crucial due to
the country's vulnerability to climate change. Afghanistan's climate change projections highlight the need for robust
data to inform adaptation and mitigation strategies. The country's arid and semi-arid climate, with cold winters and
hot summers, presents unique challenges, particularly in the face of increasing temperatures and changes in
precipitation patterns(Pa, 2009).

The following innovative technologies and practices have been identified to address climate-related
challenges in Afghanistan:

Adaptive Capacity Building: Efforts have been made to build adaptive capacity at both the policy and practical
levels, including working with local communities across four provinces to enhance resilience to climate
change(Environment, 2016).

Comprehensive Assessment and Planning: The Afghanistan Vulnerability and Adaptation Technical Assessment
Report aims to identify the main impacts of climate change on important sectors and propose priorities for adaptation
action based on national strategies and plans(Afghanistan Vulnerability and Adaptation Technical Assessment
Report | UNEP - UN Environment Programme, 2023; Snyman, 2020).

Policy Development: The Comprehensive Migration Policy (CMP) addresses the impacts of climate change,
displacement, and migration, rectifying previous oversights and providing policy responses to these
challenges(Climate Change Compounds Longstanding Displacement in Afghanistan - Afghanistan | Reliefweb,
2023).

Data Collection and Analysis: The National Capacity Needs Self-Assessment for Global Environmental
Management (NCSA) and the Climate Change Science Perspectives report provide valuable information for
identifying key adaptation needs, potential adaptation options, and evaluation criteria(Environment, 2016).

These efforts reflect a multi-faceted approach to addressing climate-related challenges in Afghanistan,
encompassing policy development, community engagement, and the collection and analysis of scientific data. By
integrating chemical aspects into adaptation and mitigation strategies, Afghanistan is working to build resilience
and reduce the impacts of climate change on its people and ecosystems.

Medicinal Plants and Biodiversity

The chemistry of medicinal plants native to Afghanistan and their resilience to changing climates is a topic
of significant importance. Medicinal plants are fundamental to the health sovereignty of communities in
Afghanistan, particularly in rural and remote areas. These plants are not only vital for healthcare but also serve as a
source of livelihood. The diverse geo-climatic conditions of Afghanistan have led to high medicinal plant diversity,
with hundreds of species traditionally utilized. However, the impact of climate change on the resilience of these
plants is a growing concern, given the country's vulnerability to environmental changes. The chemistry of medicinal
plants native to Afghanistan and their resilience to changing climates is a topic of significance. Afghanistan's diverse
geo-climatic conditions have led to the utilization of a wide variety of medicinal plants, many of which are
traditionally used in the region. These plants contain a range of chemical compounds that contribute to their
medicinal properties. For instance, a study in the Badakhshan Province of northeastern Afghanistan identified 48
plants within 45 categories of treatment and prevention, with the greatest number of plants used to treat
hypertension, kidney aids, and analgesics (Kassam et al., 2010).
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The Impact of Climate Change On Biodiversity And Ecosystem Chemistry

The impact of climate change on biodiversity and ecosystem chemistry in Afghanistan is significant. The
country has experienced an increase in drought, frequency of floods, and warmer temperatures, which have led to
adverse effects on the environment and the diversity of plant species. The changing climate has the potential to alter
the chemical composition of ecosystems, affecting the growth and survival of medicinal plants. This, in turn, can
have implications for the availability and quality of traditional medicinal resources. Additionally, over 215 plants
used in traditional therapy in Afghanistan contain essential oils, with families such as Lamiaceae, Asteraceae, and
Apiaceae being widely found and utilized(Nazifa Fageryar & Yoshihito Mori, 2018; Sanaei et al., 2023).

The impact of climate change on biodiversity and ecosystem chemistry in Afghanistan is also a matter of
concern. The changing climate can affect the distribution, abundance, and chemical composition of medicinal plants,
potentially influencing their resilience. Furthermore, climate change can lead to shifts in the availability of certain
plant species, impacting the traditional uses of these plants and the chemical compounds they contain. This can have
implications for the health sovereignty of local communities that rely on these medicinal plants for healthcare and
livelihood options. The ability to preserve medicinal plants through periods of instability, unusual growing seasons,
and changing climatic conditions is essential for maintaining health sovereignty(Kassam et al., 2010).

Innovative technologies and practices aimed at addressing climate-related challenges in Afghanistan
include the preservation and sustainable management of medicinal plants. Efforts to conserve indigenous knowledge
and promote sustainable harvesting practices are essential for ensuring the resilience of medicinal plants to changing
climates. Additionally, the development of climate-resilient agricultural practices and the implementation of policies
to address the impacts of climate change on biodiversity are crucial for the preservation of medicinal plant resources.

Challenges And Future Directions

Afghanistan faces significant challenges in addressing climate change from a chemical perspective. The
country is among the world's most vulnerable to climate change, with serious impacts on its people and ecosystems.
The impact of climate change on biodiversity and ecosystem chemistry is significant, with adverse effects on the
environment and the diversity of plant species. The changing climate has the potential to alter the chemical
composition of ecosystems, affecting the growth and survival of medicinal plants, which are fundamental to the
health sovereignty of communities in Afghanistan.

The lack of scientifically robust climate data in Afghanistan is a significant challenge, making it difficult
to develop effective policies and strategies to address climate change. The country's limited research on climate
change and flooding trends is another challenge, highlighting the need for more research in this area. Additionally,
the lack of resources and capacity to cope with the impacts of climate change is a significant challenge, with national
budgets primarily focused on combatting security challenges.

Conclusion

The findings of this review emphasize the urgent need for action to address the impacts of climate change
in Afghanistan. The review has highlighted that Afghanistan is among the world's most vulnerable countries to
climate change, with serious impacts on its people and ecosystems. The lack of scientifically robust climate data in
Afghanistan is a significant challenge, making it difficult to develop effective policies and strategies to address
climate change. The country's limited research on climate change and flooding trends is another challenge,
highlighting the need for more research in this area. Additionally, the lack of resources and capacity to cope with
the impacts of climate change is a significant challenge, with national budgets primarily focused on combatting
security challenges. Future research and policy efforts should focus on developing effective strategies to address
these challenges and preserve the country's biodiversity and ecosystem chemistry. The findings underscore the
importance of chemistry in understanding and addressing climate change, and the need for innovative technologies
and practices aimed at preserving and sustainably managing natural resources. The review provides valuable insights
into the challenges and opportunities for addressing climate change in Afghanistan and can serve as a basis for
future research and policy efforts.
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