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ABSTRACT

This paper investigates the influence of climate change on drought events, with a particular emphasis 
on the global implications, severity, and frequency of droughts that are intensified by evolving climatic 
conditions. The interplay of high temperatures and low precipitation has resulted in intensified droughts, 
particularly flash droughts, as climate change accelerates atmospheric water demand. The study examines 
a variety of droughts, including meteorological, agricultural, hydrological, and socioeconomic, and 
emphasizes their cascading effects on human health, water resources, ecosystems, and agriculture. 
Additionally, the investigation explores the mitigation strategies necessary to mitigate drought risks and 
provides policymakers with suggestions for the development of sustainable water management practices 
and the improvement of resilience in vulnerable regions. This article emphasizes the pressing necessity 
of a proactive strategy for drought preparedness in light of the ongoing evolution of climate variability.

HIGHLIGHTS

mm Droughts are becoming more severe around the world as a result of climate change, with serious 
consequences for water supplies, ecosystems, agriculture and human health.

mm Flash droughts, caused by high temperatures and low precipitation, are becoming more often and 
severe as a result of atmospheric feedback mechanisms.

mm Droughts lower agricultural production, impair water quality, endanger biodiversity, and worsen 
food and water scarcity.

mm Building resilience requires sustainable practices such as drought-resistant crops, efficient irrigation 
systems, and the integration of indigenous knowledge.

mm Future research should concentrate on high-resolution regional models and cross-sectoral approaches 
to better anticipate and mitigate drought effects.

Keywords: Climate Change, Drought, Water Scarcity, Flash Droughts, Agricultural Impact, Water 
Resources Management, Ecosystem Vulnerability, Climate Adaptation

The term “climate change” refers to the long-term 
fluctuations in temperatures and weather patterns. 
Significant worldwide changes, including actual and 
expected climate alterations and global warming, 
happened within the past 65 years. Climate 
change is a global issue that has a multifaceted 
impact on various domains, including ecological, 
environmental, socio-political, and socio-economic 
(Feliciano et al. 2022; Abbass et al. 2022). Since the 
1800s, human activities have been the primary 

cause of climate change (Murshed et al. 2022). This 
is primarily due to the combustion of fossil fuels, 
including coal, oil, and gas. Human activities are 
responsible for nearly all of the global warming that 
has occurred in the past two centuries, as evidenced 
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by climate scientists. At present, the Earth’s surface 
is approximately 1.2°C warmer than it was in the 
late 1800s, prior to the industrial revolution. Each 
of the last four decades has been warmer than any 
previous decade since 1850, and the most recent 
decade (2011-2020) was the warmest on record. 
There is more to climate change than just increasing 
temperatures; it affects the interconnected systems 
of the planet. Water shortages, wildfires, inundation, 
rising sea levels, biodiversity loss, and intense 
droughts are among the consequences. The rate of 
these changes is increasing at a rate that has not 
been observed in the past two millennia. A recurring 
extreme climate event that occurs over land and is 
defined by below-average precipitation is known 
as a drought. It is frequently accompanied by 
high temperatures for a period of months to years 
(Wilhite, 2000; Dai et al. 2018). Droughts are among 
the most costly natural calamities in the world 
resulting in substantial expenses for human societies 
(Gautier et al. 2016), agriculture (Madadgar et al. 
2017), and ecosystems (Breshears et al. 2005). It is 
anticipated that drought frequency and severity will 
increase across a significant portion of the world 
(Cook et al. 2014), particularly in semi-arid regions 
that are already experiencing significant water stress 
(Seager et al. 2014). Consequently, it is essential that 
we enhance our comprehension of the dynamics 
and consequences of droughts in the context of 
climate change (Cook et al. 2018). Droughts are 
classified into four categories: meteorological, 
hydrological, agricultural, and socioeconomic. An 
imbalance between precipitation and evaporation is 
the primary cause of meteorological droughts, with 
precipitation being the most frequently employed 
indicator for analysis (Chang 1991). Agricultural 
droughts can result from these droughts, which 
can reduce soil moisture and negatively impact 
agricultural productivity. Hydrological droughts 
arise when the demands of a particular water 
resource management system are not met by the 
available surface and subsurface water resources. 
These droughts are typically analysed using stream-
flow data (Dracup et al. 1980). The assessment 
of socioeconomic droughts is based on reservoir 
activities, which are crucial in the management 
of water supply during extreme climate events. 
These droughts have a substantial impact on rural 
economies, notably on farmers, resulting in economic 
hardship, social disruption, and population decline. 

Nevertheless, the emotional impact of witnessing 
damage to agriculture, livestock, and vegetation, 
which are more broadly societal effects, receives 
less attention (Bogale and Erena, 2022).
Fig. 1 elucidates the relationship between the 
different categories of drought and the duration of 
the occurrence. A complex, progressive phenomenon, 
drought is initiated by natural climate variability. 
The onset of the phenomenon is meteorological 
drought, which is defined by a reduction in 
precipitation and an increase in evaporation, 
resulting in a deficiency of soil water. As drought 
continues, it transforms into agricultural drought, 
which is characterized by plant water stress and 
effects crop growth and yield. A hydrological 
drought is the consequence of prolonged conditions, 
which affects ecosystems and wildlife habitats by 
reducing stream-flow and reservoir levels. The 
cumulative effects of the drought result in a broad 
range of economic, social, and environmental 
consequences, including food insecurity, water 
scarcity, and ecosystem degradation, which 
intensify as the drought continues. The hydrological 
cycle is anticipated to be “accelerated” as a result of 
climate change, with increasing or decreasing total 
annual precipitation in various regions of the world. 
This is due to the fact that a warmed atmosphere 
may hold more water, which in turn causes more 
precipitation (IPCC, 2021). Nevertheless, a warmer 
atmosphere could ultimately lead to a decrease in 
water availability, even in areas with increasing total 
precipitation, as a result of increased evaporation 
rates and arid periods (Oguntunde et al. 2020). 
Examining the effects of climate change on drought 
is essential for comprehending the rising frequency 
and intensity of these occurrences, which can disturb 
ecosystems and endanger biodiversity (Parker et al. 
2023). Droughts substantially impact agricultural 
output, resulting in economic vulnerabilities, 
especially in poorer regions where food security is 
already compromised (Dai et al. 2024). The health 
consequences are significant, since water shortage 
can result in hunger and heightened conflict over 
resources (Bevacqua et al. 2022). This research 
provides policymakers with essential adaptive 
solutions for water management and catastrophe 
preparedness. By thoroughly addressing these 
challenges, we may improve resilience to future 
climate impacts and safeguard vulnerable people. 
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Comprehending the relationship between climate 
change and drought is essential for sustainable 
development and environmental preservation. 
The main objective of this paper is to investigate 
the effects of climate change on drought events 
in a variety of sectors, such as agriculture, water 
resources, and ecosystems. It aims to evaluate the 
impact of these changes on both natural systems 
and human societies by identifying the drivers and 
dynamics of drought in a warming climate. The 
study endeavours to offer policymakers precious 
insights for the development of effective mitigation 
strategies by conducting a comprehensive analysis 
of various types of drought and their socio-
economic repercussions. The research encompasses 
a variety of critical areas, such as the examination 
of the ways in which intensified drought conditions 
are influenced by atmospheric feedback loops, 
diminished precipitation, and rising temperatures. 
It also investigates the sectoral effects of drought 
on human health, ecosystems, water quality, 
and agriculture. Furthermore, the investigation 
suggests sustainable agricultural practices, policy 
interventions, and water management strategies to 

improve resilience to future droughts. Additionally, 
it identifies research gaps and future orientations, 
emphasizing the necessity of comprehensive socio-
economic assessments and high-resolution regional 
models.

Drivers of Drought in a Warming Climate

The dynamics of drought have been significantly 
altered by climate change, which has resulted in 
an increase in atmospheric water demand due to 
elevated temperatures and vapor pressure deficits. 
This increases evapotranspiration and intensifies 
soil moisture depletion, resulting in more frequent 
and severe droughts, particularly flash droughts. 
These flash droughts are distinguished by their 
rapid onset and are driven by positive temperature 
anomalies, which are frequently exacerbated by 
reduced precipitation. As a result, acute water stress 
can occur within days to weeks. Land-atmosphere 
feedback mechanisms further exacerbate these 
conditions by reducing evapotranspiration and 
increasing sensible heat flux, which in turn 
raises temperatures and perpetuates drought 

Fig. 1: Duration of drought events and the relationship between distinct forms of drought (Wilhite, 2000)
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severity as a result of declining soil moisture. The 
escalating prevalence of concurrent heatwaves and 
precipitation deficiencies has resulted in a transition 
from precipitation-deficit droughts to compound 
hot-dry events since 2000 (Zeng et al. 2023). The 
frequency of soil moisture–atmosphere feedbacks 
has increased globally from 1980 to 2020, and they 
are key in the transition from drought to pluvial 
(intense rainfall) conditions. Low soil moisture in 
humid regions increases latent heat flux, which in 
turn enhances atmospheric moisture and results in 
rainfall. Conversely, in arid regions, reduced soil 
moisture promotes moisture convergence, which in 
turn triggers post-drought precipitation. Improved 
climate forecasting and hazard preparedness 
strategies are imperative due to the amplification 
of extreme weather variability by this dynamic 
coupling (Qing et al. 2023). In their 2018 study, 
Naumann et al. (2018) examine the extent to which 
drought conditions will be exacerbated globally 
as a result of increasing global temperatures. 
As the temperature rises by 1.5°C, 2°C, and 
3°C, the demand for water in the atmosphere 
increases due to heightened evapotranspiration, 
resulting in more severe and prolonged droughts. 
Intensified droughts are anticipated in dry regions 
such as Africa, Australia, the Mediterranean, 
and parts of the Americas, while high-latitude 
regions may experience minor improvements. 
Droughts become more frequent and protracted 
at temperatures beyond 2°C, diminishing the 
capacity of groundwater and reservoirs to recover. 
Under a 3°C scenario, 100-year drought events 
could occur every 5 to 10 years, underscoring the 
socio-economic risks of climate change if mitigation 
strategies are not implemented. Masroor et al. (2020) 
investigated the influence of climate variability on 
drought occurrence in the Godavari Middle sub-
basin of India. Their study, conducted using 35 
years of meteorological data, found that decreased 
precipitation and increased temperatures in specific 
watersheds have amplified drought conditions. The 
analysis also showed that meteorological variables, 
including temperature, solar radiation, and wind 
speed, play a more significant role in short-
term droughts. A critical mechanism connecting 
climate change and drought is snow drought, 
which disrupts the natural cycle of water storage 
and availability. Climate change leads to earlier 
snowmelt and reduced snow accumulation, causing 

water deficits during critical growing seasons. 
Research conducted in the Upper Mississippi River 
Basin by Yeşilkoy et al. (2024) demonstrates how 
snow droughts limit soil moisture and streamflow, 
inducing agricultural droughts. The interaction 
between snow droughts and climatic patterns, such 
as La Niña, further exacerbates these droughts, 
underscoring the importance of monitoring snow 
dynamics to improve agricultural drought forecasts. 
The dynamics of snowpack and glacier systems, 
essential for seasonal water availability, have been 
significantly impacted by climate change. Warming 
temperatures lead to earlier snowmelt and reduced 
glacier volume, causing irregular water flows and 
seasonal shortages, especially in regions dependent 
on glacial discharge. These disruptions exacerbate 
water stress by impairing agricultural activities and 
hydropower generation during critical growing 
seasons (Huss and Hock, 2018). Droughts are 
exacerbated by climate change through increased 
temperatures that accelerate evapotranspiration and 
soil moisture depletion. The projected poleward 
expansion of subtropical dry zones will make 
wet regions wetter and dry regions drier. Natural 
variability, such as the El Niño-Southern Oscillation 
(ENSO), further complicates the identification of 
long-term drought trends. While climate change 
may not directly cause droughts, it intensifies their 
frequency, severity, and duration (Trenberth et al. 
2013).

IMPACTS OF DROUGHT

Agriculture

Crop growth and yields are significantly impacted 
by climate variables, including temperature and 
precipitation, which have a profound impact 
on agricultural production. Crop production 
is anticipated to be adversely affected by the 
predicted increase in the frequency of extreme 
weather events, such as droughts, across a variety 
of geographic scales (Howden et al. 2007; Kang 
et al. 2009). Droughts impede crop growth and 
productivity, particularly for water-intensive crops 
like corn, by reducing soil moisture and water 
availability. Conversely, drought-tolerant crops, 
such as sorghum and cotton, perform better in 
water-limited conditions (Gurian-Sherman, 2012; 
Almas et al. 2007). Agricultural productivity is 
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substantially impacted by drought stress, which 
is a critical factor that limits crop yield, quality, 
and plant growth (Battaglia et al. 2019). Metabolic 
modifications, enhanced root growth, and stomatal 
regulation are implemented by plants to mitigate 
water loss in response to water scarcity (Mostofa et 
al. 2018). Nevertheless, water deficits impede growth 
and development by impairing nutrient absorption, 
cell enlargement, and turgor pressure (Elemike et al. 
2019). The intensity and frequency of droughts are 
further exacerbated by climate change, which poses 
a threat to agricultural output, particularly in arid 
and semi-arid regions (Sobhanian et al. 2020). Leaf 
rolling, yellowing, withering, and stunted growth 
are among the most common drought symptoms, 
and severe cases can result in necrosis and plant 
mortality (Corso et al. 2020). Excessive water can 
also impede plant health, resulting in mold, decay, 
and fungal infections, in addition to reducing yields 
as a result of drought stress (Zargar et al. 2017). 
In order to enhance crop resilience in response to 
evolving climate conditions, future research must 
investigate the combined impacts of thermal stress 
and drought (Seleiman et al. 2018). The productivity 
of livestock in arid and semi-arid regions has been 
considerably impacted by an increasing number 
of droughts, the unpredictable patterns of rainfall, 
and the rise in temperatures (Ulrichs et al. 2019). 
This has resulted in a hazard to both food security 
and livelihoods. Recurrent droughts, floods, 
heatwaves, and unpredictable precipitation are 
all manifestations of climate variability, which is 
further exacerbated by events such as El Niño and 
La Niña (Melkamu, 2017). These climatic shifts 
necessitate the implementation of new sustainable 
development strategies, as they reduce cereal and 
pasture yields, abbreviate growing seasons, and 
adversely impact livestock production (Anita et al. 
2010). Livestock species exhibit varying responses 
to climate variability. During droughts, cattle and 
sheep exhibit increased mortality rates, while goats 
and camels exhibit greater resilience (Wako et al. 
2017). Reduced forage availability and degraded 
rangelands result in an increase in physiological 
stress for livestock. The composition of grasslands is 
also influenced by climate change, which frequently 
results in a decrease in grass productivity and an 
increase in the abundance of specific browse species. 
This further strains feed resources (Thornton et al. 
2011). 

Furthermore, the distribution of pathogens and 
vectors is influenced by climate change, which 
in turn facilitates the transmission of livestock 
diseases, for example, through wind patterns. These 
modifications exacerbate the hazard to species 
diversity by increasing the susceptibility of livestock 
to diseases and thermal stress (Lubroth, 2012; Habte 
et al. 2022). Food prices worldwide increased due 
to severe droughts, including the 2012 drought in 
the United States, which resulted in a decrease in 
cereal supply and an increase in the cost of essential 
products like animal forage (Dunn and Bórawski, 
2012). 
In 2011, a comparable incident occurred in China, 
resulting in a surge in wheat prices. This, in turn, 
contributed to political and social instability in 
Egypt as a result of the elevated bread prices 
(Sternberg, 2012). According to a study on global 
agricultural production, the yields of wheat, maize, 
rice, and soybeans are exceedingly susceptible 
to droughts, with the severity of production 
losses increasing as the intensity of the drought 
increases (Leng and Hall, 2019). The global food 
markets, notably in Asia, were impacted by the 
drought-driven decrease in agricultural exports 
from Australia, which resulted in an increase in 
food prices and a hazard to food security (Qureshi 
et al. 2013). Drought and other crises, such as the 
COVID-19 pandemic, aggravate disruptions to food 
supply chains, thereby increasing food insecurity 
in vulnerable regions (Mishra et al. 2020). Water 
availability is restricted and soil moisture deficits 
are aggravated by droughts, which dramatically 
reduce crop productivity. 
In China, this has resulted in substantial decreases 
in the yields of critical commodities, including 
soybeans and maize, during droughts (Wang et 
al. 2020). Droughts necessitate that producers 
relocate their agricultural production. The regional 
disparities in agricultural output are a result of the 
increasing dearth in southern regions of Europe, 
which is causing crop suitability to migrate 
northward (Falloon and Betts, 2010). The security of 
food is further impacted by drought, which results 
in a decrease in agricultural productivity and an 
increase in food prices. In California, the economic 
challenges faced by farmers have been exacerbated 
by the dwindling water resources as a result of the 
drought (Medellín-Azuara et al. 2011).
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Water Resources

The frequency and intensity of droughts are 
increasing due to climate change, which is resulting 
in a decrease in the availability of water for critical 
purposes, including irrigation, consumption, and 
industrial processes. The dilution of pollutants in 
water is affected by drought, which also impacts 
crop productivity due to poor water quality 
resulting from the contamination of water with 
organic pollutants and heavy metals (Amanullah 
et al. 2020). The availability of water for irrigation 
is also reduced. In numerous regions, the demand 
for crop water and the dependence on irrigation 
have been accelerated by a combination of declining 
precipitation and rising temperatures. This leads to 
a decrease in groundwater levels and an increase 
in the burden on water resources (Nunes et al. 
2017). Pokhrel et al. (2021) anticipate that future 
scenarios will result in additional reductions in 
water storage and availability, which will increase 
the likelihood of drought-related impacts on 
agricultural and potable water supplies. In rural 
areas, groundwater resources are particularly 
susceptible to degradation, as minor aquifers are 
essential for the production of potable water. 
Local water shortages and contamination are 
exacerbated by droughts, particularly in regions 
with inadequate recharge capacity (MacDonald et al. 
2009). Additionally, droughts result in diminished 
water availability for industries. The environmental 
degradation and pollution levels are exacerbated 
by the increase in industrial discharges into surface 
waters, which is a consequence of the limited water 
supply (Bhat, 2020). The competition for water 
resources is exacerbated by the drought caused 
by climate change, which presents substantial 
obstacles to the sustainable administration of 
water in various sectors. The demand for water 
from agriculture, industry, urban populations, and 
ecosystems increases as water availability decreases. 
Research suggests that competition becomes greater 
in drought-prone regions, such as Southeastern 
Spain, by the increasing exploitation of water and 
the necessity of environmental protection (Kahil et 
al. 2015). It is anticipated that climate change will 
result in an increase in the frequency and severity of 
droughts, which will result in a greater competition 
for water. 

This will have a significant impact on agriculture 
and ecosystems (Dessai and Sims, 2010). Forest 
dynamics are altered by drought events, which 
result in mortality and changes in forest structure 
as a result of the increased competition for 
water among plant species (Carnicer et al. 2011). 
Hydropower generation is substantially affected 
by climate change, which results in heightened 
droughts and altered hydrological cycles. This, in 
turn, affects energy security and redirects energy 
production toward alternatives that are more reliant 
on fossil fuels. During drought years, the global 
utilization of hydropower was reduced by 5.2%, 
and thermoelectric power was also constrained by 
the scarcity of cooling water (Vliet et al. 2016). In 
regions that are heavily reliant on hydropower, such 
as Finland, severe droughts pose a threat to energy 
security by reducing hydropower output and 
requiring the importation of electricity (Jaaskelainen 
et al. 2018). 
In California, climate-induced droughts resulted in 
a decrease in hydropower generation, a decrease 
in spinning reserves, and a greater dependence on 
fossil fuels to ensure grid stability (Forrest et al. 
2018). Severe reductions in reservoir inflows were 
observed in Southeast Brazil, as droughts hindered 
the availability of water for significant hydropower 
facilities, thereby raising concerns regarding the 
stability of long-term energy production (Mello 
et al. 2021). In the western United States, higher 
greenhouse gas emissions and worsened air quality 
were the result of increased fossil fuel utilization 
during droughts, demonstrating the cascading 
environmental and economic effects of reduced 
hydropower output (Qiu et al. 2023). Water quality 
is significantly affected by droughts caused by 
climate change. 
This is the result of decreased water volumes, 
altered nutrient dynamics, increased pollutant 
concentrations, and environmental stress on 
aquatic ecosystems. During droughts, the dilution 
capacity is reduced due to reduced river flows 
and lower water volumes, resulting in elevated 
concentrations of pollutants such as nutrients, 
minerals, and heavy metals (Vliet and Zwolsman, 
2008). High water temperatures and extended water 
residence periods are frequently the consequence of 
drought conditions, which create an environment 
that is conducive to algal blooms, including toxic 
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cyanobacteria (Mosley, 2015). The depletion of 
oxygen levels by these outbreaks has a detrimental 
effect on aquatic ecosystems. The nutrient cycling 
in watersheds is influenced by drought, and 
excessive rainfall following a drought can mobilize 
accumulated nutrients, thereby exacerbating 
eutrophication and the degradation of water 
quality (Wright et al. 2014). Reduced oxygen levels 
and fluctuations in turbidity are frequent during 
droughts, which can both impede water treatment 
processes and deteriorate water quality (Ahmadi 
and Moradkhani, 2019). The deterioration of water 
quality during droughts has an impact on drinking 
water supplies by increasing the concentrations of 
disinfection by-products and altering the flavor and 
odor. This presents difficulties for water treatment 
facilities (Delpla et al. 2009). The mobilization of 
non-point source pollutants, such as nitrogen, by 
alternating cycles of drought and flooding further 
stresses water systems, resulting in sudden increases 
in contamination (Huang et al. 2015).

Ecosystem

Drought results in decreased tree growth, decreased 
water consumption, and increased mortality of 
lesser trees. Although mature trees are initially more 
resilient, their susceptibility to pests and diseases 
is exacerbated by protracted droughts (Hanson 
and Weltzin, 2000). Furthermore, the composition 
of the ecosystem and the likelihood of wildfires 
are both increased by drought-induced vegetation 
die-offs, particularly those that affect overstory 
species (Breshears et al. 2005). Drought disrupts 
carbon and nitrogen cycles by decreasing litter 
decomposition and microbial respiration, which 
impacts nutrient availability and CO₂ emissions in 
ecosystems such as forests and grasslands (Deng et 
al. 2021). Ecosystem services, such as biodiversity 
conservation and water purification, are diminished 
by fluctuations in water quality and availability 
during droughts. The California drought serves as 
an example of the cascading effects on hydropower 
generation, recreation, and stream health (Chang 
and Bonnette, 2016). Forests demonstrate multi-year 
growth reductions in response to severe droughts, 
which restricts their capacity to function as carbon 
sinks and diminishes the resilience of ecosystems 
to subsequent droughts (Anderegg et al. 2015). 
Climate change-induced droughts are contributing 

to biodiversity loss by disrupting ecosystems and 
limiting species’ ability to live and reproduce. This 
phenomenon has a significant impact on the function 
and services of a variety of ecosystems, including 
forests and grasslands. Reduced tree growth and 
elevated mortality rates result in biodiversity loss, as 
forests are exceedingly susceptible to drought stress. 
This vulnerability is linked to hydraulic failure in 
plants, which reduces their ability to transport water 
during droughts (Choat et al. 2012). Phylogenetic 
diversity has decreased in grasslands that are 
experiencing severe drought, particularly in species 
that possess drought-sensitive characteristics. The 
adaptive capacity of such ecosystems is restricted 
by the loss of diversity, rendering them more 
susceptible to additional environmental stress 
(Li et al. 2019). The Amazon rainforest is a prime 
example of vulnerability to drought, as moisture 
stress leads to biomass loss and carbon emissions, 
thereby weakening its capacity to serve as a global 
carbon sink (Phillips et al. 2009). Ecosystems are 
substantially impacted by droughts caused by 
climate change, as they disrupt natural feedback 
loops that involve interactions between soil, water, 
vegetation, and the atmosphere. These feedback 
cycles are intricate, frequently exacerbating the 
effects of drought and leading to additional 
environmental challenges. By altering soil microbial 
communities, droughts have long-term effects on 
plant-soil feedbacks, which can affect future plant 
growth and competition. These changes have long-
term repercussions on soil function and ecosystem 
recovery (Kaisermann et al. 2017). Droughts and 
heat-waves are interconnected through feedback 
mechanisms. Evapotranspiration becomes reduced 
by soil moisture deficits, which results in elevated 
atmospheric temperatures and the reinforcement of 
drought conditions that can be disseminated across 
regions (Miralles et al. 2018). 
The carbon sequestration capacity of forest 
ecosystems is diminished for several years as a 
result of the reduced growth that occurs during and 
after droughts. The carbon sink capacity of forests 
can be weakened by this “legacy effect” of drought, 
which can exacerbate climate change (Anderegg et 
al. 2015). The dynamics of the land-atmosphere are 
altered by the shifts in vegetation that are a result 
of drought, which intensify the drought by altering 
energy fluxes and transpiration. These feedbacks 
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are significantly influenced by specific plant 
characteristics, including water transport efficiency 
(Anderegg et al. 2019). The water cycle is disrupted 
by drought events, which in turn initiate feedback 
loops that alter precipitation patterns. For instance, 
the Amazon Basin’s drought further diminishes 
rainfall by disrupting water recycling processes, 
which results in forest dieback and exacerbates arid 
conditions (Bayer et al. 2012).

Human Health

Climate change-induced droughts have a substantial 
impact on human populations, affecting both health 
and livelihoods in a variety of regions. These effects 
can be either direct (through water scarcity) or 
indirect (through economic and social disruptions). 
Malnutrition and micronutrient deficiencies are 
more prevalent among vulnerable populations, such 
as women and children, as a result of droughts that 
diminish food production (Algur et al. 2021). Poor 
water quality and increased exposure to vectors 
frequently result in the outbreak of diseases such as 
malaria, cholera, and diarrhoea (Stanke et al. 2013). 
Psychological stress and mental health disorders 
are exacerbated in communities that have been 
impacted by drought-induced displacement and 
economic instability (Rosen et al. 2021). 
In Brazil’s Amazon region, the incidence of 
respiratory diseases is higher in regions that are 
experiencing droughts as a result of the increased 
aerosol emissions from fires (Smith et al. 2014). 
Droughts are particularly detrimental to rural 
communities that depend on agriculture, as they 
result in decreased agricultural yields and income. 
Families frequently abandon farming as a result 
of livelihood insecurity in regions such as Iran 
and Zambia (Keshavarz et al. 2017). The adoption 
of costly water-saving measures by households is 
compelled by the decline in access to pure water that 
occurs during droughts, which impact sanitation. In 
Bangladesh, droughts restrict access to freshwater, 
which has a direct impact on household routines 
and health (Rabbani et al. 2012). The workload 
and health hazards for women are exacerbated by 
droughts, particularly in regions such as India. 
In addition, children in these regions are subjected 
to forced labour to support family income, increased 
school dropouts, and inadequate nutrition (Algur 
et al. 2021). Vulnerable communities are unable 

to effectively adapt to droughts due to a dearth 
of resources, which exacerbates inequalities. For 
example, drought-induced income losses have a 
profound impact on populations in West Africa, 
which are largely dependent on subsistence 
farming (Gautier et al. 2016). Climate change 
contributes to drought, which is a significant factor 
in the displacement and migration of vulnerable 
populations worldwide. Complex social, economic, 
and health consequences are the result of pressured 
movement within and across borders, which is a 
consequence of this phenomenon. As a result of 
drought, populations have been displaced both 
domestically and internationally. In an effort to 
secure food security and livelihood opportunities, 
individuals frequently relocate from rural areas 
to urban centres (Koubi et al. 2016). Internal 
displacement and civil unrest were the consequences 
of long-lasting droughts in severe cases, such as 
Syria (Gerrard, 2016). This ultimately led to further 
migration to Europe. A common survival strategy 
for families that are experiencing the scarcity of 
water and the decline in agricultural productivity 
as a result of drought is migration. Due to food 
shortages and failed crops, numerous individuals 
migrate in regions like the Sahel and Horn of 
Africa (Warner et al. 2010). Drought also induces 
socio-economic changes, compelling individuals, 
particularly in Africa and Asia, to relocate to cities 
where resources are already constrained. Poverty, 
resource competition, and social instability are all 
exacerbated by this urban influx (Schutte et al. 2018).

Mitigation Strategies

Mitigation strategies are designed to mitigate the 
fundamental causes of climate change by reducing 
greenhouse gas emissions and fostering sustainable 
practices. These endeavours are indispensable 
for mitigating the risks of future droughts and 
reducing the acceleration of climate change. 
The implementation of integrated solutions that 
balance environmental and economic objectives, 
the adoption of water-efficient technologies, and 
the transformation of agricultural practices are 
all essential components of successful mitigation. 
Resilience is enhanced by transitioning from 
monoculture systems to diverse cultivation patterns, 
such as alternating between cereals and fruit 
crops. For instance, in response to diminished 



Impact of Climate Change on Drought: A Comprehensive Review

757Print ISSN : 0974-1712 Online ISSN : 2230-732X

precipitation, producers in China implemented 
apple-corn systems (Lei et al. 2014). The introduction 
of drought-resistant varieties that are genetically 
modified or locally adapted guarantees consistent 
yields in the face of water scarcity, as demonstrated 
in South Africa (Elum et al. 2016). It is crucial to 
assure a consistent supply, particularly during 
droughts, by coordinating the use of surface 
and groundwater. In the Yakima River Basin of 
Washington, managed aquifer recharge has been 
demonstrated to be a cost-effective solution (Zhao 
and Boll, 2022). 
In arid regions, half-moon structures are a 
particularly effective method for reducing discharge 
and increasing water retention (Tamagnone et 
al. 2020). These assist farmers in making well-
informed judgments regarding irrigation and 
planting schedules. In Bangladesh, the utilization 
of mobile-based advisory services for weather 
forecasts has demonstrated advantages (Anik 
et al. 2021). In order to more effectively manage 
water supply under variable conditions, reservoir 
operations can be optimized through the use of 
algorithms (Elgendy et al. 2024). Adaptive capacity 
is enhanced by engaging local stakeholders in 
drought preparedness and water management. 
The significance of decentralization is further 
illustrated by the Sahel region’s effectiveness in 
managing climate variability through indigenous 
knowledge (Nyong et al. 2007). Adaptive behaviour 
is promoted by providing producers with insurance 
against crop failure and drought-resistant seeds. 
By employing soil management techniques such 
as cover cultivation and reducing fertilizer usage, 
emissions from agricultural operations can be 
mitigated (Iglesias and Garrote, 2015). 
In addition to reducing water consumption, 
technologies such as trickle and sprinkler irrigation 
systems also reduce energy consumption, thereby 
reducing emissions (Salinas and Mendieta, 2013). 
By encouraging the efficient utilization of water, 
stormwater management systems that concentrate 
on groundwater recharge reduce the effects of 
both droughts and floods. Carbon sequestration is 
facilitated by forest conservation, which also creates 
buffer zones against drought. Adaptive resilience 
and mitigation are both enhanced by sustainable 
forestry practices (Ravindranath, 2007). Proactive 
policy interventions are essential to address the 

rising risks of climate-change-induced droughts. 
Shifting from reactive crisis management to 
proactive risk management is critical. Implementing 
drought monitoring and early warning systems 
will help communities respond more effectively 
to water shortages. Investing in community-
based preparedness, combined with forecasting 
technologies, will build resilience and reduce 
dependence on costly emergency measures (Gana 
and Sa’id, 2022). A key policy goal is to enhance 
the adaptive capacity of water administrators and 
farmers through targeted training and capacity-
building programs. Educating farmers about 
drought-resistant crops, efficient irrigation, and 
ICT-based planning improves their ability to 
manage drought impacts. Policymakers should 
support these practices with financial aid, such 
as insurance products and subsidies. Expanding 
affordable crop insurance and awareness programs 
will encourage farmers to adopt these strategies, 
protecting their livelihoods from drought risks 
(Elum et al. 2016). Water management policies 
should integrate surface and groundwater resources 
using technologies like managed aquifer recharge 
and improved irrigation. Policymakers must 
promote low-emission agricultural practices, such 
as trickle irrigation and crop rotation, to reduce 
greenhouse gas emissions and water use. Adopting 
modern water policies that address both short-term 
drought risks and long-term scarcity will enhance 
the resilience of agricultural and water systems 
(Zhao and Boll, 2022). 
A comprehensive strategy integrating both 
adaptation and mitigation is essential for national 
and regional climate policies to maximize co-benefits. 
Policies should promote practices like sustainable 
agriculture, reforestation, and agroforestry that 
reduce emissions while enhancing resilience. 
Strengthening the synergy between adaptation 
and mitigation ensures climate policies effectively 
address both immediate and long-term drought 
impacts, improving overall efficiency (Nyong et al. 
2007). Policymakers must adopt context-specific 
and adaptable strategies that account for regional 
differences in drought impacts. For instance, 
northern regions with greater water availability 
may prioritize water management optimization, 
while arid southern regions may prioritize drought-
tolerant crops and enhanced irrigation infrastructure 



Pandit and Sharma

758Print ISSN : 0974-1712 Online ISSN : 2230-732X

(Falloon and Betts, 2010). Integrating indigenous 
knowledge and engaging local communities ensures 
culturally appropriate and effective solutions. Long-
term resilience and reduced vulnerability to future 
droughts require well-coordinated adaptation and 
mitigation efforts as climate change intensifies.

Research Gaps and Future Directions

A variety of socio-economic, environmental, and 
climatic factors contribute to the complex and ever-
changing nature of drought. The understanding 
of the regional variability of drought is becoming 
increasingly critical in the development of effective 
mitigation strategies and the prediction of future 
risks as global temperatures increase. Nevertheless, 
the precise prediction of drought patterns continues 
to be a difficult task as a result of the disparities 
in regional climates, topography, and socio-
economic conditions. Moreover, the separation 
of meteorological, agricultural, and hydrological 
drought studies and the constraints of current 
climate models further confound endeavours to 
offer comprehensive insights. In order to more 
effectively evaluate the effects of drought and 
develop adaptation strategies that are equitable and 
tailored to the specific requirements of the region, 
future research must prioritize the integration 
of climate and ecological models, as well as the 
consideration of socio-economic factors.
The climate patterns, topography, and socio-
economic contexts of different regions result in 
substantial variations in drought projections. 
For example, while certain regions, such as the 
Mediterranean or East Africa, are at a higher risk 
of drought, Northern Europe may experience fewer 
droughts (Haile et al. 2020). It is difficult to develop 
adaptation strategies that are customized due to 
the absence of high-resolution regional models, 
which restricts the accuracy of projections. Studies 
that employ multiple climate models (e.g., CMIP5 
and IPCC models) exhibit substantial variability 
in projections, which complicates the prediction of 
drought frequency, duration, and intensity under 
alternative emissions scenarios (Sheffield and Wood, 
2008). 
This variability complicates the evaluation of 
regional impacts and the formulation of effective 
mitigation policies. Agricultural, meteorological, 
and hydrological droughts are frequently separated 

in existing research. Integrated models that account 
for interactions between sectors (e.g., agriculture, 
water resources, and human demand) are essential 
for predicting the comprehensive impact of climate-
induced droughts on various systems (Wanders 
and Wada, 2015). The incorporation of climate, 
hydrological, and ecological models in future 
research is necessary to more effectively convey the 
intricacies of drought. By taking into account the 
interactions between temperature, precipitation, soil 
moisture, vegetation health, and river movements, 
these models can enhance their predictions (Wan et al. 
2018). Key feedback mechanisms, including changes 
in vegetation cover or water management policies, 
are frequently oversimplified in contemporary 
models. Robust feedback mechanisms between 
atmospheric conditions and land use changes are 
absent in numerous current models. The integration 
of vegetation response, soil moisture dynamics, 
and ecosystem processes will improve predictions, 
particularly in agricultural regions that have been 
impacted by protracted drought (Cook et al. 2018). 
Enhanced models will facilitate the evaluation of the 
extent to which these feedbacks affect the severity 
of droughts over time.
In order to identify populations that are most 
susceptible to drought, research should concentrate 
on territories that are prone to drought. Studies can 
develop resilient adaptation strategies for impacted 
communities by integrating climate data with social 
and economic indicators (e.g., income, agricultural 
reliance, infrastructure) (Lehner et al. 2017). There 
is a requirement for socio-economic modeling that 
assesses the influence of water policies, migration 
trends, and disaster relief initiatives on drought 
mitigation. This form of research has the potential 
to offer valuable insights to governments and NGOs 
that are striving to improve drought preparedness 
(Smirnov et al. 2016). Income, infrastructure, 
and social resilience are the primary factors that 
determine the effects of drought on different 
regions and populations. Research that prioritizes 
social justice and equity will guarantee that 
drought adaptation strategies are inclusive, thereby 
benefiting the most vulnerable populations (Nam 
et al. 2015).

CONCLUSION
The frequency and severity of droughts have 
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been amplified by climate change, which has 
had a significant impact on human livelihoods, 
agriculture, water resources, and ecosystems. 
There are numerous interconnected forms of 
drought, including meteorological, agricultural, 
hydrological, and socioeconomic, which result 
in compounding challenges. The availability of 
water is diminished, precipitation patterns are 
disrupted, and evapotranspiration is accelerated by 
increasing temperatures. Agricultural productivity 
and water systems are further compromised 
by flash droughts, which exacerbates economic 
instability and food insecurity. Ecosystems are also 
compromised by water scarcity, which results in 
the degradation of forests, the loss of biodiversity, 
and the degradation of water quality. Malnutrition, 
disease outbreaks, and displacement as a result 
of livelihood losses all have an impact on human 
health. In order to mitigate future drought risks, 
it is imperative to implement effective mitigation 
strategies, such as sustainable agriculture, water-
efficient technologies, and policy interventions. The 
integration of indigenous knowledge and proactive 
water management can enhance the resilience of 
communities. It is imperative that policymakers 
prioritize comprehensive solutions that optimize 
local adaptive capacities and mitigate greenhouse 
gas emissions. Future research should resolve 
gaps by establishing cross-sectoral strategies and 
high-resolution regional climate models. In order 
to mitigate climate risks and guarantee long-term 
environmental sustainability and socio-economic 
stability, it is imperative to implement coordinated 
global initiatives.
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