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ABSTRACT

Water scarcity has become one of the most critical envi-
ronmental and socioeconomic challenges affecting global 
agriculture, food security, and sustainable development in 
the twenty-first century. Increasing population growth, cli-
mate change, environmental degradation, urbanization, 
and unsustainable agricultural practices are intensifying 
pressure on freshwater resources worldwide, threatening 
both agricultural productivity and human well-being. The 
objective of this study was to analyze the principal causes 
and consequences of water scarcity in agriculture and eva-
luate its impact on global water security and sustainable 
food production. The study was developed using a qualita-
tive analytical methodology supported by a comprehensi-
ve narrative literature review. Scientific articles, institutional 
reports, and academic investigations published between 
2015 and 2026 were analyzed through recognized scienti-
fic databases and international organizations. The analysis 
followed a thematic and interpretative approach focused 
on climate change, agricultural water management, food 
insecurity, environmental degradation, governance, and 
sustainable agriculture. The findings demonstrated that 
water scarcity significantly threatens agricultural systems 
by reducing crop productivity, degrading ecosystems, in-
creasing food insecurity, and intensifying social and eco-
nomic inequalities. The results also revealed that inefficient 
irrigation systems, groundwater overexploitation, pollution, 
and weak governance accelerate global water stress. 
However, sustainable agriculture, technological innovation, 
precision irrigation, wastewater reuse, and climate-smart 
management strategies were identified as essential alter-
natives for improving water-use efficiency and promoting 
long-term environmental sustainability. 
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Water scarcity, sustainable agriculture, food security, clima-
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RESUMEN

La escasez de agua se ha convertido en uno de los de-
safíos ambientales y socioeconómicos más críticos que 
afectan la agricultura mundial, la seguridad alimentaria y 
el desarrollo sostenible en el siglo XXI. El crecimiento ace-
lerado de la población, el cambio climático, la degrada-
ción ambiental, la urbanización y las prácticas agrícolas 
insostenibles están intensificando la presión sobre los re-
cursos de agua dulce a nivel mundial, amenazando tanto 
la productividad agrícola como el bienestar humano. El ob-
jetivo de este estudio fue analizar las principales causas y 
consecuencias de la escasez de agua en la agricultura y 
evaluar su impacto en la seguridad hídrica global y la pro-
ducción sostenible de alimentos. El estudio se desarrolló 
mediante una metodología analítica cualitativa sustentada 
en una revisión narrativa integral de la literatura científica. 
Se analizaron artículos científicos, informes institucionales 
e investigaciones académicas publicados entre 2015 y 
2026 a través de bases de datos científicas reconocidas 
y organismos internacionales. El análisis siguió un enfoque 
temático e interpretativo centrado en el cambio climáti-
co, la gestión hídrica agrícola, la inseguridad alimentaria, 
la degradación ambiental, la gobernanza y la agricultura 
sostenible. Los hallazgos demostraron que la escasez de 
agua amenaza significativamente los sistemas agrícolas al 
reducir la productividad de los cultivos, degradar los eco-
sistemas, incrementar la inseguridad alimentaria e inten-
sificar las desigualdades sociales y económicas. Los re-
sultados también revelaron que los sistemas de irrigación 
ineficientes, la sobreexplotación de aguas subterráneas, 
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la contaminación y la débil gobernanza aceleran el estrés 
hídrico global. Sin embargo, la agricultura sostenible, la 
innovación tecnológica, la irrigación de precisión, la reu-
tilización de aguas residuales y las estrategias de gestión 
inteligente frente al clima fueron identificadas como alter-
nativas esenciales para mejorar la eficiencia en el uso del 
agua y promover la sostenibilidad ambiental a largo plazo.

Palabras clave: 

Escasez de agua, agricultura sostenible, seguridad ali-
mentaria, cambio climático, gestión hídrica.

INTRODUCTION

Water is one of the most essential natural resources for 
human survival, economic development, environmental 
sustainability, and agricultural productivity. Throughout 
history, civilizations have depended on reliable water su-
pplies to sustain food production, maintain public health, 
support ecosystems, and promote social and economic 
stability. However, during the twenty-first century, water 
scarcity has emerged as one of the most critical global 
challenges affecting both developed and developing 
nations. Increasing population growth, climate change, 
environmental degradation, industrial expansion, urba-
nization, and unsustainable agricultural practices have 
intensified pressure on freshwater resources worldwide. 
Consequently, the availability of safe and accessible wa-
ter is rapidly declining in many regions, threatening not 
only ecological balance but also global food security and 
sustainable development.

Among all economic sectors, agriculture is the largest 
consumer of freshwater resources worldwide. According 
to the Food and Agriculture Organization of the United 
Nations (2026), agriculture accounts for approximately 
70% of global freshwater withdrawals, a proportion ex-
pected to increase significantly in coming decades due 
to rising food demand associated with population growth 
and changing consumption patterns. The expansion of 
agricultural production, combined with inefficient irrigation 
systems and unsustainable water management practices, 
has accelerated the depletion of rivers, lakes, reservoirs, 
and groundwater aquifers. Consequently, many agricultu-
ral regions are already experiencing severe water stress 
conditions that negatively affect crop productivity, lives-
tock systems, and rural livelihoods.

Water scarcity has become deeply interconnected with 
global food insecurity. Agricultural systems depend hea-
vily on stable water supplies to sustain crop growth, main-
tain soil fertility, and ensure long-term food production. 
However, increasing drought frequency, irregular rainfall 
patterns, desertification, and groundwater depletion are 
reducing agricultural productivity across multiple regions 
of the world. According to Tabler (2023), water scarcity 
currently represents one of the greatest threats to glo-
bal food security because it directly limits the capacity 

of agricultural systems to meet the nutritional demands 
of growing populations. This situation is particularly criti-
cal in vulnerable regions such as Africa, the Middle East, 
South Asia, and parts of Latin America, where agriculture 
constitutes a major source of employment and economic 
stability.

Climate change has significantly intensified the global 
water crisis and its effects on agriculture. Rising global 
temperatures contribute to increased evaporation rates, 
prolonged droughts, altered precipitation cycles, and 
declining water availability. These environmental chan-
ges not only reduce water supplies but also increase un-
certainty in agricultural production systems. The United 
Nations Educational, Scientific and Cultural Organization 
(2023) warned that between two and three billion people 
worldwide currently experience water shortages, and the-
se shortages are expected to worsen substantially in the 
coming decades if international cooperation and sustai-
nable water management strategies are not strengthened. 
The increasing unpredictability of water availability crea-
tes major risks for farmers, especially in regions depen-
dent on rain-fed agriculture where crop yields are highly 
vulnerable to climatic variations.

In addition to climate-related factors, poor water gover-
nance and inefficient resource management contribute 
significantly to global water scarcity. In many countries, 
outdated irrigation infrastructure, inadequate public po-
licies, weak institutional regulation, and unequal access 
to water resources limit the effectiveness of agricultural 
water management. Neo & Jha (2023) emphasized that 
water security has become one of the most urgent glo-
bal priorities because water scarcity affects economic 
productivity, public health, environmental sustainability, 
energy systems, and social stability simultaneously. The 
authors also highlighted that insufficient investment in wa-
ter infrastructure and poor resource allocation continue to 
undermine global efforts to achieve sustainable develop-
ment goals.

The relationship between agriculture and water scarcity is 
complex and multidimensional. On one hand, agriculture 
depends heavily on water availability for food production; 
on the other hand, unsustainable agricultural practices 
contribute to the degradation and depletion of freshwater 
resources. Intensive irrigation systems, excessive ground-
water extraction, inefficient water distribution, and conta-
mination from fertilizers and pesticides have accelerated 
the deterioration of aquatic ecosystems worldwide. Ingrao 
et al. (2023) explained that traditional agricultural systems 
frequently operate with low water-use efficiency, gene-
rating substantial losses through evaporation, leakage, 
and runoff. Furthermore, the overexploitation of water re-
sources for agricultural purposes contributes to declining 
groundwater levels and ecological degradation, threate-
ning long-term environmental sustainability.
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The growing scarcity of freshwater resources has se-
rious social, economic, and environmental implications. 
Reduced agricultural productivity contributes to rising 
food prices, malnutrition, poverty, migration, and social 
instability, particularly in low-income regions heavily de-
pendent on agriculture. Water scarcity also increases 
competition among agricultural, industrial, domestic, and 
environmental water demands, intensifying political ten-
sions and resource conflicts in many parts of the world. In 
this context, ensuring sustainable agricultural production 
while preserving water resources has become one of the 
most significant global challenges of modern society.

Despite these challenges, technological innovation and 
sustainable agricultural strategies offer important oppor-
tunities to improve water management and strengthen 
agricultural resilience. Advances in precision irrigation, 
drip irrigation systems, wastewater reuse, desalination 
technologies, climate-smart agriculture, and digital moni-
toring systems have demonstrated significant potential for 
reducing water consumption and improving agricultural 
efficiency. Shemer et al. (2023) argued that innovative wa-
ter treatment technologies and sustainable water mana-
gement solutions are essential to addressing future global 
water scarcity. Their research emphasized the importance 
of integrating technological innovation, policy reform, and 
environmental sustainability to ensure long-term water 
security.

Similarly, sustainable agricultural practices such as crop 
rotation, regenerative agriculture, drought-resistant crops, 
soil conservation, rainwater harvesting, and integrated 
water management systems may help reduce agricultural 
vulnerability to water scarcity. These strategies contribu-
te not only to improving water-use efficiency but also to 
enhancing ecosystem resilience and promoting environ-
mental sustainability. Nevertheless, the implementation of 
such solutions often requires substantial financial invest-
ment, institutional support, technological accessibility, 
and international cooperation.

Another important aspect of the global water crisis invol-
ves the unequal distribution of water resources and tech-
nological capabilities among countries and communities. 
While some nations possess advanced irrigation systems 
and strong water governance structures, many developing 
regions continue to face severe infrastructural limitations 
and economic constraints that restrict access to reliable 
water supplies. As a result, vulnerable populations often 
experience disproportionate impacts from water scarcity, 
food insecurity, economic instability, and reduced agricul-
tural productivity. Addressing these inequalities is therefo-
re essential for achieving sustainable global water securi-
ty and equitable agricultural development.

The complexity of water scarcity demonstrates that the 
crisis cannot be understood solely as an environmental 
issue. Instead, it represents an interdisciplinary challenge 
involving agriculture, climate change, economics, politics, 

technology, public policy, and social justice. Effective 
solutions require collaboration among governments, re-
searchers, agricultural producers, environmental organi-
zations, and international institutions. Sustainable water 
management policies must balance agricultural produc-
tivity with environmental protection while ensuring equi-
table access to water resources for present and future 
generations.

Overall, water scarcity represents one of the most urgent 
threats to sustainable agriculture, food security, and glo-
bal development in the twenty-first century. The increasing 
pressure on freshwater resources, combined with climate 
change and growing food demand, highlights the neces-
sity of transforming current agricultural systems toward 
more sustainable and resilient models. Without immediate 
action, water scarcity may significantly compromise future 
food production, environmental sustainability, and human 
well-being on a global scale.

Therefore, the objective of this study is to analyze the 
causes and impacts of water scarcity in agriculture and 
evaluate its implications for global water security and sus-
tainable food production. Additionally, the study aims to 
examine current challenges, environmental consequen-
ces, and potential strategies for improving agricultural 
water management and promoting sustainable and resi-
lient food systems in the context of climate change and 
increasing global water demand.

MATERIALS AND METHODS 

The present study was developed using qualitative analyti-
cal methodology supported by a comprehensive narrative 
literature review focused on water scarcity in agriculture 
and its implications for global water security and sustaina-
ble food production. This methodological approach was 
selected because it allows an interdisciplinary examina-
tion of environmental, agricultural, climatic, economic, 
and social dimensions associated with the increasing glo-
bal water crisis. The research aimed to analyze the princi-
pal causes, consequences, and adaptation strategies re-
lated to agricultural water scarcity through the integration 
of recent scientific evidence and contemporary academic 
contributions.

The study involved systematic identification, selection, 
classification, and interpretation of scientific literature 
addressing water scarcity, climate change, agricultural 
sustainability, food security, water governance, and en-
vironmental resilience. Academic publications, review 
articles, institutional reports, and scientific investigations 
published between 2015 and 2026 were examined to en-
sure the inclusion of recent data, current environmental 
challenges, and modern technological developments as-
sociated with sustainable water management and agricul-
tural production systems.
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The bibliographic search process was conducted using 
internationally recognized scientific databases and aca-
demic repositories. The search strategy incorporated 
combinations of descriptors and thematic keywords such 
as “water scarcity,” “agricultural water management,” 
“food security,” “climate change,” “sustainable agricultu-
re,” “global water crisis,” “water governance,” “irrigation 
efficiency,” “environmental sustainability,” and “water in-
security.” Boolean operators including AND, OR, and NOT 
were used to refine the search process and improve the 
precision of the selected literature.

The inclusion criteria were based on scientific relevance, 
methodological consistency, thematic contribution, and 
direct applicability to the objectives of the study. Selected 
investigations were required to address at least one of the 
following dimensions: agricultural water scarcity, global 
water security, climate-related impacts on freshwater re-
sources, food production systems, sustainable agricultural 
practices, environmental degradation, water governance, 
or technological adaptation strategies. Studies presenting 
analytical discussions, comparative assessments, predic-
tive models, case studies, or sustainability-oriented solu-
tions were prioritized due to their contribution to unders-
tanding the multidimensional nature of water scarcity.

The exclusion criteria involved publications lacking su-
fficient scientific rigor, duplicated studies, sources unre-
lated to water management or agriculture, articles focu-
sed exclusively on highly localized technical data without 
broader analytical implications, and investigations with 
limited methodological transparency. In addition, publica-
tions containing unsupported claims or insufficient aca-
demic development were excluded from the final review 
process.

Following the selection stage, the identified literature was 
categorized into thematic areas to facilitate comparative 
analysis and interpretation. These categories included 
climate change and water insecurity, agricultural impacts 
of water scarcity, food security challenges, environmen-
tal degradation, technological innovation in irrigation sys-
tems, sustainable agricultural practices, governance and 
public policy, social inequality associated with water ac-
cess, and future adaptation strategies. This thematic or-
ganization enabled the identification of recurring scientific 
patterns, emerging environmental trends, and interdisci-
plinary relationships among the analyzed studies.

The analytical process followed a thematic and interpreta-
tive content analysis approach. Each selected source was 
critically examined to identify principal arguments, envi-
ronmental implications, adaptation strategies, and global 
perspectives concerning water scarcity and sustainable 
agriculture. Attention was given to the interaction between 
climate change, agricultural productivity, freshwater avai-
lability, and food security. The collected information was 
subsequently synthesized into conceptual frameworks 

that supported the development of the discussion and 
conclusions presented throughout the study.

Additionally, the research incorporated a sustainabili-
ty-oriented perspective focused on the long-term rela-
tionship between agricultural systems and environmen-
tal conservation. The study considered the importance 
of balancing food production demands with responsible 
water management practices capable of protecting fres-
hwater ecosystems and ensuring resource availability for 
future generations. Social and ethical dimensions asso-
ciated with water insecurity were also analyzed, particu-
larly issues related to inequality, vulnerable populations, 
governance failures, and unequal access to technological 
resources.

Overall, the adopted methodological framework provides 
a comprehensive and interdisciplinary understanding of 
agricultural water scarcity as a global environmental and 
socioeconomic challenge. By integrating scientific evi-
dence from multiple disciplines, the study offers a broad 
analytical perspective regarding the causes, impacts, 
and potential solutions associated with sustainable water 
management and global food security under increasingly 
complex climatic conditions.

RESULTS AND DISCUSSION 

Water scarcity has progressively evolved into a structu-
ral challenge that threatens the sustainability of global 
agricultural systems and the stability of food production 
worldwide. Although agriculture remains indispensable 
for human survival and economic development, current 
production models increasingly depend on intensive fres-
hwater extraction practices that exceed natural repleni-
shment capacities. This imbalance between water avai-
lability and agricultural demand has generated severe 
environmental degradation, reduced water accessibility, 
and intensified vulnerabilities in both rural and urban po-
pulations. As freshwater resources become increasingly 
limited, the agricultural sector faces the urgent necessi-
ty of transforming traditional production systems toward 
more sustainable and efficient approaches capable of 
preserving long-term water security.

One of the principal drivers of agricultural water scarcity is 
the growing global demand for food associated with rapid 
population growth and changing dietary consumption pa-
tterns. The continuous expansion of agricultural produc-
tion requires greater irrigation capacity, larger cultivated 
areas, and more intensive farming systems. In many re-
gions, these practices have accelerated the overexploi-
tation of rivers, reservoirs, and underground aquifers. 
Excessive groundwater extraction has become especially 
problematic because many aquifers require decades or 
even centuries to recover naturally. Consequently, nume-
rous agricultural zones are currently experiencing decli-
ning groundwater levels, soil degradation, and increasing 
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desertification processes that threaten future agricultural 
productivity.

The intensification of industrial agriculture has further con-
tributed to unsustainable water consumption patterns. 
Modern agricultural systems frequently prioritize maxi-
mum productivity through large-scale irrigation and mono-
culture production methods that require substantial quan-
tities of freshwater resources. Crops such as rice, wheat, 
cotton, and sugarcane are particularly water-intensive 
and are often cultivated in regions already affected by 
water stress. This situation creates considerable pressu-
re on local ecosystems and reduces water availability for 
domestic, industrial, and environmental needs. In many 
developing countries, limited technological infrastructure 
and inefficient irrigation systems additionally contribute 
to substantial water losses through evaporation, leakage, 
and runoff.

Climate variability has become another critical factor in-
fluencing agricultural water scarcity. Changes in precipita-
tion patterns, prolonged drought periods, and increasing 
temperatures are significantly affecting water availability 
and agricultural stability across multiple regions. In many 
areas, farmers are facing unpredictable growing seasons, 
declining soil moisture, and reduced crop yields due to 
irregular climatic conditions. Drought events not only dimi-
nish immediate agricultural productivity but also produce 
long-term economic and social consequences, including 
rural poverty, migration, unemployment, and food insecu-
rity. These effects are particularly severe in regions where 
agriculture depends predominantly on rainfall rather than 
advanced irrigation infrastructure.

The relationship between climate change and agricultu-
re is especially concerning because both phenomena 
influence each other reciprocally. Agricultural activities 
contribute substantially to greenhouse gas emissions 
through deforestation, livestock production, fertilizer use, 
and energy-intensive farming operations. Simultaneously, 
climate change intensifies agricultural vulnerability by 
reducing water availability and increasing environmental 
instability. As temperatures continue to rise globally, eva-
poration rates increase, reducing surface water reserves 
and accelerating soil dehydration. This combination of en-
vironmental stressors threatens the capacity of agricultu-
ral systems to maintain stable food production in coming 
decades.

Water scarcity also generates significant implications for 
global food security and nutritional stability. Agricultural 
production depends fundamentally on reliable water su-
pplies to sustain crop development and livestock systems. 
When water resources become insufficient, agricultural 
yields decline, production costs increase, and food su-
pply chains become more vulnerable to disruptions. These 
conditions frequently result in rising food prices and redu-
ced food accessibility, particularly affecting low-income 
populations that already experience nutritional insecurity. 

In regions heavily dependent on agriculture for economic 
survival, declining productivity may additionally weaken 
local economies and increase social inequality.

Another major consequence of agricultural water scar-
city involves the deterioration of natural ecosystems and 
biodiversity. Excessive water extraction alters river flows, 
reduces wetland areas, and damages aquatic habitats 
essential for ecological balance. Agricultural runoff con-
taminated fertilizers, pesticides, and chemical residues 
further contribute to water pollution, affecting both human 
health and environmental sustainability. In many regions, 
polluted irrigation flows contaminate nearby lakes and 
groundwater sources, reducing the availability of potable 
water and increasing environmental degradation. These 
ecological impacts demonstrate that agricultural water 
scarcity extends beyond food production and represents 
a broader environmental crisis with multidimensional 
consequences.

Technological innovation has emerged as one of the most 
promising approaches for improving agricultural water 
management and reducing waste of resources. Advanced 
irrigation systems, including drip irrigation and precision 
agriculture technologies, allow farmers to optimize wa-
ter distribution and minimize unnecessary consumption. 
Digital monitoring systems, remote sensing technologies, 
and artificial intelligence applications can provide real-ti-
me information regarding soil moisture, crop conditions, 
and climatic variations, facilitating more efficient irrigation 
decisions. Such innovations contribute to improving agri-
cultural productivity while simultaneously reducing pres-
sure on freshwater resources.

However, technological solutions alone are insufficient to 
resolve the global water crisis if they are not accompa-
nied by effective governance strategies and sustainable 
public policies. Many countries continue to experience 
weak institutional regulation, fragmented water manage-
ment systems, and insufficient investment in rural infras-
tructure. Inadequate governance often leads to unequal 
water distribution, inefficient allocation practices, and li-
mited access to technological resources for small-scale 
farmers. Consequently, sustainable agricultural transfor-
mation requires not only technological modernization but 
also comprehensive institutional reforms capable of pro-
moting equitable and responsible water management.

International cooperation additionally plays a fundamen-
tal role in addressing agricultural water scarcity. Water in-
security transcends national boundaries because rivers, 
aquifers, and climatic systems are interconnected globa-
lly. Collaborative efforts among governments, scientific 
institutions, environmental organizations, and agricultu-
ral sectors are essential for developing sustainable solu-
tions capable of addressing the complexity of the crisis. 
International initiatives focused on sustainable irrigation, 
climate adaptation, food security, and water conservation 
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may contribute significantly to improving resilience in vul-
nerable agricultural regions.

Sustainable agriculture has increasingly gained attention 
as an alternative capable of balancing food production 
with environmental conservation. Practices such as rege-
nerative agriculture, crop diversification, conservation tilla-
ge, rainwater harvesting, agroforestry, and drought-resis-
tant crop cultivation may reduce agricultural dependence 
on intensive water extraction while improving ecosystem 
resilience. These approaches promote soil conservation, 
increase water retention capacity, and support long-term 
agricultural sustainability. Furthermore, sustainable far-
ming systems may contribute to reducing greenhouse gas 
emissions and strengthening adaptation to climate-rela-
ted challenges.

An important aspect of the water crisis involves social in-
equality and unequal access to resources. Smallholder 
farmers and rural communities often possess limited ac-
cess to advanced irrigation technologies, financial su-
pport, and institutional assistance. As a result, vulnera-
ble populations are disproportionately affected by water 
shortages and agricultural instability. In many developing 
regions, women and marginalized communities bear 
a significant burden associated with water collection, 
food insecurity, and declining agricultural productivity. 
Therefore, addressing agricultural water scarcity also re-
quires social policies focused on equity, education, and 
community resilience.

The future of global agriculture will depend heavily on the 
capacity of societies to adopt integrated and sustainable 
water management strategies. Current consumption pat-
terns and production systems are increasingly incompati-
ble with the finite nature of freshwater resources. Without 
substantial changes in agricultural practices, environ-
mental governance, and international cooperation, water 
scarcity may intensify global food insecurity and environ-
mental degradation in coming decades. Consequently, 
sustainable agricultural transformation represents not only 
an environmental necessity but also a social, economic, 
and humanitarian priority essential for preserving future 
global stability.

Overall, the growing scarcity of freshwater resources 
demonstrates the urgent need for a more sustainable 
relationship between agriculture and the environment. 
Agricultural systems must evolve toward models capa-
ble of increasing productivity while reducing ecological 
pressure and preserving water resources for future gene-
rations. Achieving this objective requires the integration 
of technological innovation, environmental responsibility, 
institutional reform, and international collaboration. Only 
through coordinated global action will it be possible to 
ensure long-term water security, sustainable food produc-
tion, and environmental resilience in an increasingly wa-
ter-stressed world.

Amparo-Salcedo et al. (2025) conducted a comprehen-
sive comparative analysis of water security under climate 
change conditions across 43 countries, demonstrating 
that the increasing variability of climatic patterns, rising 
global temperatures, and environmental degradation are 
intensifying global water insecurity at unprecedented le-
vels. Their study revealed that climate change directly 
affects the availability, accessibility, and sustainability of 
freshwater resources, particularly in regions highly de-
pendent on agriculture and vulnerable ecosystems. The 
authors emphasized that prolonged droughts, irregular 
precipitation, and increasing evaporation rates are signi-
ficantly reducing water availability for agricultural produc-
tion, industrial development, and domestic consumption. 
Furthermore, the research highlighted that water insecu-
rity is not exclusively an environmental issue but also a 
social, political, and economic challenge capable of des-
tabilizing food systems, increasing poverty, and genera-
ting regional inequalities. One of the major contributions of 
the study was its emphasis on adaptive governance stra-
tegies and international cooperation as fundamental me-
chanisms for mitigating future water crises. The authors 
concluded that sustainable water management policies, 
climate adaptation measures, and investment in resilient 
infrastructure are essential to ensuring long-term global 
water security.

Moreover, Salehi (2022) explored the growing relationship 
between global water shortages and potable water safety, 
identifying water scarcity as one of the most urgent en-
vironmental crises of the twenty-first century. The study 
demonstrated that increasing pollution from industrial, 
agricultural, and urban activities is severely compromi-
sing water quality and reducing access to safe drinking 
water in many parts of the world. The author explained 
that contamination by heavy metals, pesticides, untreated 
wastewater, and chemical residues has intensified pres-
sure on already limited freshwater resources. 

Additionally, the research emphasized that rapid urbaniza-
tion, population growth, and climate change are accelera-
ting the deterioration of global water systems and threate-
ning public health stability. Salehi (2022) also highlighted 
the critical connection between water quality degradation 
and food security, since contaminated water sources di-
rectly affect agricultural productivity and increase health 
risks associated with food production systems. The study 
ultimately concluded that integrated water management 
strategies, stricter environmental regulations, technologi-
cal innovation, and international collaboration are urgently 
required to prevent future global water crises and guaran-
tee sustainable access to safe water resources.

Similarly, Biswas et al. (2025) developed an extensive 
critical review examining how water scarcity represents a 
major obstacle to sustainable development and agricul-
tural production worldwide. Their research demonstrated 
that increasing water shortages are significantly reducing 
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agricultural productivity, degrading soil quality, and threa-
tening the sustainability of food systems in both deve-
loped and developing countries. The authors identified 
climate change, excessive groundwater extraction, popu-
lation growth, and inefficient irrigation systems as some 
of the principal factors contributing to the acceleration of 
global water scarcity. Furthermore, the study emphasized 
that water scarcity not only affects agricultural outputs but 
also influences socioeconomic stability, public health, and 
environmental sustainability. One of the most important 
contributions of the article was its detailed discussion of 
adaptation strategies aimed at reducing agricultural vul-
nerability. These strategies included precision irrigation 
technologies, wastewater reuse systems, climate-smart 
agriculture, water conservation policies, and sustainable 
crop management practices. The authors concluded that 
future agricultural sustainability depends heavily on the 
implementation of integrated water management systems 
capable of balancing food production demands with envi-
ronmental conservation.

In the same context, He & Rosa (2023) investigated pos-
sible solutions to agricultural green water scarcity under 
climate change scenarios. Their study focused on the 
concept of green water, which refers to soil moisture de-
rived from rainfall that supports rain-fed agricultural sys-
tems. The authors explained that climate change is signi-
ficantly reducing green water availability through altered 
precipitation cycles, prolonged droughts, and increasing 
evaporation rates. Their findings demonstrated that many 
agricultural regions are becoming increasingly vulnerable 
due to declining soil moisture and unpredictable rainfall 
patterns. Furthermore, the study highlighted that green 
water scarcity poses serious risks for global food produc-
tion because a large proportion of world agriculture de-
pends directly on rainfall rather than irrigation infrastructu-
re. The authors proposed sustainable land management 
strategies, improved soil conservation techniques, and 
efficient rainwater harvesting systems as critical measu-
res for strengthening agricultural resilience. Additionally, 
they emphasized the importance of integrating climate 
adaptation policies with sustainable agricultural planning 
to ensure future food security under increasingly uncer-
tain environmental conditions.

Likewise, Liu et al. (2017) conducted a multidimensional 
assessment of water scarcity in the past, present, and 
future, providing one of the most comprehensive global 
analyses of freshwater availability trends. Their research 
demonstrated that water scarcity has intensified con-
siderably over recent decades due to rapid population 
growth, urbanization, industrial expansion, and increasing 
agricultural demand. The study projected that future wa-
ter stress levels will continue rising substantially if current 
consumption patterns and management practices remain 
unchanged. The authors also emphasized that clima-
te change will exacerbate regional inequalities in water 
distribution, causing severe stress in arid and semi-arid 

regions already experiencing limited freshwater availabili-
ty. Another significant contribution of the study was its in-
tegration of predictive models capable of evaluating futu-
re water scarcity scenarios under different socioeconomic 
and climatic conditions. Liu et al. (2017) concluded that 
effective long-term solutions require coordinated global 
efforts focused on sustainable water allocation, efficient 
resource management, technological innovation, and cli-
mate adaptation planning.

Consequently, Mulwa et al. (2021) examined the status of 
water scarcity in Kenya, identifying critical environmental, 
infrastructural, and socioeconomic challenges associated 
with limited water availability. Their study revealed that re-
curring droughts, rapid population growth, deforestation, 
and inadequate water infrastructure are significantly redu-
cing access to freshwater resources in the country. The 
authors explained that water scarcity in Kenya particular-
ly affects rural communities dependent on agriculture for 
survival and economic stability. Furthermore, the research 
highlighted that insufficient water access contributes to 
declining agricultural productivity, food insecurity, poor 
sanitation, and increasing public health risks. The study 
also addressed the unequal distribution of water resour-
ces, noting that vulnerable populations experience dis-
proportionate impacts due to poverty and limited institu-
tional support. Among the proposed solutions, the authors 
emphasized the importance of investing in water infras-
tructure, improving irrigation efficiency, strengthening en-
vironmental conservation policies, and promoting public 
awareness regarding sustainable water use practices.

From a social science perspective, Wutich (2025) argued 
that water insecurity is fundamentally a human and so-
cially constructed phenomenon shaped by inequality, 
political exclusion, poverty, and environmental injustice. 
The author emphasized that water insecurity cannot be 
fully understood through technical or hydrological pers-
pectives alone because social structures determine who 
experiences the greatest vulnerability to water scarcity. 
The study demonstrated that marginalized populations, 
including low-income communities and politically exclu-
ded groups, are disproportionately affected by limited 
water access and inadequate infrastructure. Furthermore, 
Wutich (2025) highlighted the importance of incorporating 
social sciences into water security research and policy 
development in order to address governance failures, 
inequality, and institutional exclusion. One of the major 
contributions of the study was its emphasis on commu-
nity participation, environmental justice, and equitable 
governance as essential elements for achieving sustaina-
ble water security. The author concluded that future water 
management strategies must integrate social, political, 
cultural, and environmental dimensions rather than relying 
exclusively on technological interventions.

Additionally, Du Plessis (2022) examined persistent glo-
bal water quality degradation and its implications for 
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environmental sustainability and public health. The study 
demonstrated that pollution from industrial activities, agri-
cultural runoff, untreated wastewater, and urbanization is 
increasingly contaminating freshwater ecosystems world-
wide. The author explained that deteriorating water quality 
reduces the availability of safe water for both human con-
sumption and agricultural production, intensifying existing 
water scarcity problems. Furthermore, the research em-
phasized that poor water quality contributes to ecosys-
tem degradation, biodiversity loss, and the spread of 
waterborne diseases. Du Plessis (2022) also highlighted 
the urgent need for stronger environmental regulations, 
sustainable waste management systems, and improved 
wastewater treatment technologies to protect freshwater 
resources. The study ultimately concluded that preserving 
water quality is as important as ensuring water quantity 
because both factors are fundamentally interconnected in 
achieving long-term water security.

Meanwhile, Mancosu et al. (2015) analyzed future cha-
llenges associated with water scarcity and global food 
production, emphasizing the increasing pressure that 
population growth and climate change place on agricul-
tural systems. Their research demonstrated that traditio-
nal irrigation methods are frequently inefficient and res-
ponsible for substantial water losses through evaporation 
and leakage. The authors explained that agriculture must 
evolve toward more sustainable water management stra-
tegies to meet future food demands without exhausting 
freshwater resources. Furthermore, the study proposed 
the adoption of precision agriculture technologies, advan-
ced irrigation systems, and sustainable farming practices 
to improve water-use efficiency and reduce environmental 
degradation. The authors concluded that ensuring futu-
re food security requires balancing agricultural produc-
tivity with responsible and sustainable water resource 
management.

Furthermore, Obayomi et al. (2026) explored the opportu-
nities and challenges associated with sustainable agricul-
ture under increasing water scarcity conditions from a glo-
bal perspective. Their study emphasized that sustainable 
agriculture represents one of the most effective approa-
ches for reducing environmental degradation while main-
taining agricultural productivity and food security. The au-
thors highlighted that climate change, land degradation, 
and water shortages are creating serious risks for global 
food systems and agricultural economies. Moreover, the 
research examined how innovative agricultural practices 
such as regenerative farming, drought-resistant crops, 
efficient irrigation systems, and circular water-use models 
can contribute to agricultural resilience. The authors con-
cluded that long-term agricultural sustainability depends 
on integrating technological innovation, environmental 
protection, economic development, and institutional coo-
peration within global food production systems.

In relation to food security, Christoforidou et al. (2023) 
conducted a comparative analysis of Egypt and Jordan to 
evaluate how water scarcity affects agricultural production 
and food security in arid regions. Their findings demons-
trated that both countries face severe limitations in fres-
hwater availability, which directly compromise agricultural 
productivity and increase dependence on food imports. 
The authors emphasized that climate change and popu-
lation growth are intensifying regional water stress and 
creating additional pressure on already fragile agricultural 
systems. Furthermore, the study highlighted the impor-
tance of transboundary cooperation, efficient irrigation 
policies, and sustainable water allocation mechanisms for 
improving food security under conditions of limited water 
availability. The research concluded that integrated regio-
nal water governance is essential for addressing future 
agricultural and food security challenges in water-scarce 
regions.

Likewise, Farrelly (2024) analyzed the principal causes, 
impacts, and solutions associated with water scarcity in 
agriculture. The study explained that agriculture currently 
represents the largest consumer of freshwater resources 
globally, accounting for approximately 70% of total water 
withdrawals worldwide. The author argued that unsustai-
nable agricultural practices, inefficient irrigation systems, 
and poor water governance are accelerating global water 
stress. Additionally, the research identified several practi-
cal solutions for reducing agricultural water consumption, 
including drip irrigation systems, regenerative farming 
practices, improved storage infrastructure, and circular 
water reuse models. Farrelly (2024) concluded that sus-
tainable agricultural transformation is essential for pro-
tecting freshwater resources and guaranteeing long-term 
food security.

Additionally, Jägermeyr (2020) addressed agriculture’s 
historic dual challenge of ensuring global food supply 
while promoting sustainable water use. The author ar-
gued that future agricultural systems must significantly 
increase food production without intensifying environ-
mental degradation or depleting freshwater resources. 
The study demonstrated that climate change, population 
growth, and increasing consumption patterns are creating 
unprecedented pressures on global agricultural systems. 
Furthermore, Jägermeyr (2020) emphasized the impor-
tance of adopting sustainable irrigation practices, impro-
ving crop efficiency, and strengthening agricultural resi-
lience through climate adaptation strategies. The article 
concluded that balancing food production with environ-
mental sustainability represents one of the most critical 
global priorities of the twenty-first century.

Finally, Hejazi et al. (2023) investigated the impacts of 
water scarcity on agricultural production and electricity 
generation in the Middle East and North Africa, one of 
the world’s most water-stressed regions. Their research 
demonstrated that declining freshwater availability 
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significantly affects both agricultural systems and energy 
production infrastructures, increasing regional vulnerabi-
lity to climate-related disruptions. The authors explained 
that water scarcity threatens economic stability, food se-
curity, and energy sustainability simultaneously, creating 
interconnected environmental and socioeconomic risks. 
Furthermore, the study highlighted the importance of in-
tegrated water-energy-food nexus approaches for impro-
ving regional resilience and sustainable development. 
The authors concluded that future adaptation strategies 
must combine technological innovation, policy reform, 
and resource efficiency to address the multidimensional 
consequences of water scarcity.

In conclusion, Ertan (2025) analyzed the relationship be-
tween water scarcity, climate change, and the global food 
crisis, emphasizing that environmental degradation and 
increasing resource demand are intensifying global food 
insecurity risks. The author demonstrated that prolonged 
droughts, rising temperatures, and declining freshwa-
ter availability are reducing agricultural productivity and 
threatening the sustainability of food systems worldwide. 
Furthermore, the study argued that vulnerable populations 
and developing regions are disproportionately affected by 
climate-related water shortages due to limited infrastruc-
ture and economic resources. Ertan (2025) concluded 
that sustainable agriculture, international cooperation, 
environmental conservation, and efficient water manage-
ment will be essential for preventing future humanitarian 
crises and ensuring long-term global food security.

The analyzed studies collectively demonstrate that water 
scarcity has become one of the most critical global cha-
llenges affecting environmental sustainability, agricultural 
productivity, public health, and food security. The literatu-
re consistently highlights that climate change, population 
growth, urbanization, industrial expansion, and unsustai-
nable agricultural practices are intensifying pressure on 
freshwater resources worldwide. Increasing temperatu-
res, prolonged droughts, irregular rainfall patterns, and 
excessive groundwater extraction are significantly redu-
cing water availability in many regions, especially those 
heavily dependent on agriculture.

The reviewed investigations also emphasize that agricul-
ture remains the sector most vulnerable to scarcity due 
to its high dependence on freshwater resources for irri-
gation and food production. Inefficient irrigation systems, 
excessive water consumption, soil degradation, and con-
tamination from agricultural activities have accelerated 
environmental deterioration and increased water stress 
globally. As water resources decline, agricultural produc-
tivity becomes increasingly unstable, creating serious 
risks for food security, economic development, and rural 
livelihoods.

Another important finding shared among the studies is that 
water scarcity cannot be understood solely as an environ-
mental problem. The crisis also involves social inequality, 

governance failures, inadequate infrastructure, and 
unequal access to technological resources. Vulnerable 
populations, particularly rural communities and low-inco-
me regions, experience the most severe consequences 
of limited water availability, including poverty, malnutrition, 
migration, and public health challenges. Several authors 
stress that sustainable water management requires not 
only technological innovation but also equitable gover-
nance, international cooperation, and stronger environ-
mental policies.

The literature further demonstrates that water quality de-
gradation represents an additional dimension of the global 
water crisis. Pollution caused by industrial waste, untrea-
ted wastewater, pesticides, and fertilizers reduces access 
to safe water for both human consumption and agricultu-
ral use. This contamination threatens ecosystem stability, 
biodiversity, and public health while simultaneously inten-
sifying water shortages.

Moreover, the reviewed studies identify sustainable agri-
culture and technological modernization as essential stra-
tegies for addressing future water challenges. Precision 
irrigation systems, regenerative agriculture, wastewater 
reuse, drought-resistant crops, and climate-smart farming 
practices are presented as viable alternatives for impro-
ving water-use efficiency and strengthening agricultural 
resilience. Researchers also emphasize the importance 
of integrating environmental sustainability with economic 
and social development in order to guarantee long-term 
food production and water security.

Overall, the collective contributions of these investigations 
reveal that future global stability will depend heavily on 
the capacity of societies to develop integrated, sustaina-
ble, and resilient water management systems capable of 
balancing agricultural demands, environmental conserva-
tion, and human well-being under increasingly complex 
climatic conditions.

CONCLUSIONS

Water scarcity has emerged as one of the greatest global 
threats to sustainable agriculture, environmental stability, 
and food security during the twenty-first century. The fin-
dings analyzed throughout this study demonstrate that the 
increasing pressure on freshwater resources is no longer 
an isolated environmental concern but a multidimensio-
nal global crisis capable of affecting economic systems, 
public health, agricultural productivity, social stability, and 
human survival itself. Climate change, population growth, 
unsustainable agricultural expansion, environmental de-
gradation, and weak water governance have collectively 
intensified water insecurity across numerous regions of 
the world, particularly in areas already vulnerable to po-
verty and food instability.

The study revealed that agriculture remains both one of 
the principal victims and one of the major contributors to 
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global water scarcity. Modern agricultural systems de-
pend heavily on freshwater extraction to sustain growing 
food demands; however, inefficient irrigation methods, 
groundwater overexploitation, and unsustainable produc-
tion practices continue accelerating environmental dete-
rioration and resource depletion. As freshwater availability 
declines, agricultural productivity becomes increasingly 
unstable, threatening the capacity of global food sys-
tems to meet the nutritional needs of rapidly expanding 
populations.

Another important conclusion derived from this research 
is that water scarcity cannot be understood exclusively 
from a hydrological or environmental perspective. The cri-
sis is deeply interconnected with social inequality, eco-
nomic vulnerability, governance limitations, technologi-
cal disparities, and political instability. Rural populations, 
smallholder farmers, and low-income communities expe-
rience disproportionate impacts due to limited access to 
water infrastructure, sustainable technologies, and institu-
tional support. Consequently, achieving global water se-
curity requires not only environmental protection but also 
social justice, equitable governance, and international 
cooperation.

The analyzed literature additionally demonstrated that wa-
ter quality degradation intensifies the severity of the global 
water crisis. Pollution generated by agricultural runoff, in-
dustrial waste, untreated wastewater, and chemical conta-
mination reduces the availability of safe water for both hu-
man consumption and agricultural production. Therefore, 
preserving freshwater ecosystems and improving water 
quality management are essential components of future 
sustainability strategies.

Despite the seriousness of these challenges, the study 
also identified significant opportunities for improving agri-
cultural resilience and promoting sustainable water ma-
nagement. Technological innovation, including precision 
irrigation, wastewater reuse systems, artificial intelligence 
applications, remote sensing technologies, and clima-
te-smart agriculture, offers promising alternatives for re-
ducing water waste and improving agricultural efficiency. 
Likewise, sustainable farming practices such as regene-
rative agriculture, crop diversification, soil conservation, 
agroforestry, and rainwater harvesting may strengthen 
ecosystem resilience while reducing dependence on in-
tensive water extraction.

However, the findings clearly indicate that technological 
solutions alone will not be sufficient to solve the global 
water crisis. Sustainable transformation requires integra-
ted public policies, stronger environmental regulations, 
institutional reform, investment in water infrastructure, 
and coordinated international action capable of balan-
cing agricultural productivity with ecological preservation. 
Future strategies must prioritize long-term sustainability 
rather than short-term economic gains.

Ultimately, the future of global food security will depend 
heavily on humanity’s capacity to establish a more sus-
tainable relationship with freshwater resources. Without 
immediate and coordinated action, water scarcity may 
intensify food insecurity, environmental degradation, for-
ced migration, social conflict, and economic instability in 
coming decades. In contrast, adopting sustainable agri-
cultural systems and responsible water governance may 
contribute not only to preserving natural ecosystems but 
also to guaranteeing human well-being and global stabili-
ty for future generations.

Water scarcity represents far more than an environmental 
challenge; it is a defining issue for the future of civilization. 
Ensuring sustainable water management, resilient agri-
cultural production, and equitable access to freshwater 
resources will be fundamental for protecting global food 
security, environmental sustainability, and the survival of 
future societies in an increasingly climate-stressed world.

REFERENCES

Amparo-Salcedo, M., Pérez-Gimeno, A., & Navarro-Pedre-
ño, J. (2025). Water Security Under Climate Change: 
Challenges and Solutions Across 43 Countries.  Wa-
ter, 17(5), 633. https://doi.org/10.3390/w17050633

Biswas, A., Sarkar, S., Das, S., Dutta, S., Roy Choudhury, 
M., Giri, A., Bera, B., Bag, K., Mukherjee, B., Banerjee, 
K., Gupta, D., & Paul, D. (2025). Water scarcity: A glo-
bal hindrance to sustainable development and agricul-
tural production – A critical review of the impacts and 
adaptation strategies. Cambridge Prisms: Water, 3, e4. 
https://doi.org/10.1017/wat.2024.16

Christoforidou, M., Borghuis, G., Seijger, C., van Halse-
ma, G. E., & Hellegers, P. (2023). Food security un-
der water scarcity: a comparative analysis of Egypt 
and Jordan. Food security, 15(1), 171–185. https://doi.
org/10.1007/s12571-022-01310-y

Du Plessis, A. (2022). Persistent degradation: Glo-
bal water quality challenges and required actions. 
One Earth, 5(2), 129–131. https://doi.org/10.1016/j.
oneear.2022.01.005

Ertan, S. (2025). Water scarcity and the global food crisis 
in the context of climate change. BRIQ Belt & Road Ini-
tiative Quarterly, 7(1), 23–46. https://nbn-resolving.org/
urn:nbn:de:0168-ssoar-108096-0

Farrelly, M. (2024, March 19). Water scarcity in agriculture: 
Causes, effects, and solutions. Farrelly Mitchell. https://
farrellymitchell.com/water-management/water-scarci-
ty-in-agriculture/

Food and Agriculture Organization of the United Nations. 
(2026). FAO: 2025 AQUASTAT Water Data. UN-Water. 
https://www.unwater.org/news/fao-2025-aquastat-wa-
ter-data 



Volume 9 | Issue 4 |  July-August - 2026

He, L., & Rosa, L. (2023). Solutions to agricultural green 
water scarcity under climate change.  PNAS ne-
xus, 2(4), pgad117. https://doi.org/10.1093/pnasnexus/
pgad117 

Hejazi, M., Santos Da Silva, S. R., Miralles-Wilhelm, F., 
Kim, S., Kyle, P., Liu, Y., Vernon, C., Delgado, A., Ed-
monds, J., & Clarke, L. (2023). Impacts of water scar-
city on agricultural production and electricity genera-
tion in the Middle East and North Africa. Frontiers in 
Environmental Science, 11. https://doi.org/10.3389/fen-
vs.2023.1082930

Ingrao, C., Strippoli, R., Lagioia, G., & Huisingh, D. (2023). 
Water scarcity in agriculture: An overview of causes, im-
pacts and approaches for reducing the risks. Heliyon, 
9(8), e18507. https://doi.org/10.1016/j.heliyon.2023.
e18507 

Jägermeyr, J. (2020). Agriculture’s historic twin-challenge 
toward sustainable water use and food supply for all. 
Frontiers in Sustainable Food Systems, 4, 35. https://
doi.org/10.3389/fsufs.2020.00035

Liu, J., Yang, H., Gosling, S. N., Kummu, M., Flörke, M., 
Pfister, S., Hanasaki, N., Wada, Y., Zhang, X., Zheng, 
C., Alcamo, J., & Oki, T. (2017). Water scarcity assess-
ments in the past, present and future. Earth’s future, 5(6), 
545–559. https://doi.org/10.1002/2016EF000518

Mancosu, N., Snyder, R. L., Kyriakakis, G., & Spano, D. 
(2015). Water Scarcity and Future Challenges for 
Food Production.  Water,  7(3), 975-992. https://doi.
org/10.3390/w7030975

Mulwa, F., Li, Z., & Fangninou, F. F. (2021). Water scarcity 
in Kenya: Current status, challenges and future solu-
tions. Open Access Library Journal, 8(1). https://doi.
org/10.4236/oalib.1107096

Neo, G. H., & Jha, S. K. (2023). Why water security is 
our most urgent challenge today. World Bank Blogs. 
https://blogs.worldbank.org/en/water/why-water-securi-
ty-our-most-urgent-challenge-today

Obayomi, O. V., Attah, R., Sayem, S. M. S., Mustapha, L. 
S., Kolade, S. O., & Obayomi, K. S. (2026). Sustainable 
agriculture in the face of water scarcity: Opportunities, 
challenges, and global perspectives. Next Research, 
5, 101293. https://doi.org/10.1016/j.nexres.2025.101293

Salehi, M. (2022). Global water shortage and potable 
water safety; Today’s concern and tomorrow’s crisis. 
Environment International, 158, 106936. https://doi.or-
g/10.1016/j.envint.2021.106936

Shemer, H., Wald, S., & Semiat, R. (2023). Challenges and 
Solutions for Global Water Scarcity. Membranes, 13(6), 
612. https://doi.org/10.3390/membranes13060612 

Tabler, T. (2023). Water scarcity in agriculture: The grea-
test threat to global food security. University of Tennes-
see Institute of Agriculture. https://utia.tennessee.edu/
publications/wp-content/uploads/sites/269/2024/07/
W1252.pdf

United Nations Educational, Scientific and Cultural Orga-
nization. (2023). Imminent risk of a global water crisis, 
warns the UN World Water Development Report 2023. 
UNESCO. https://www.unesco.org/en/articles/immi-
nent-risk-global-water-crisis-warns-un-world-water-de-
velopment-report-2023

Wutich, A. (2025). Water insecurity is human: Why social 
science must be at the core of water security research 
and practice. Frontiers in Water, 6, 1539170. https://doi.
org/10.3389/frwa.2024.1539170

Conflicts of Interest:

The author declares no conflicts of interest.

Author Contributions:

Hosein Shabanali: Conceptualization, data curation, for-
mal analysis, investigation, methodology, supervision, 
validation, visualization, original draft writing, and writing, 
review, and editing.

Ethical statement:

The study was based on the analysis of documentary 
sources and publicly available data, and therefore did not 
involve the direct participation of human subjects. No per-
sonally identifiable information was handled.


