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Abstract

This article examines the situation of water scarcity and security in Mexico,

with a focus on the drinking water supply issue in rural communities and the

challenges posed by assessment methodologies. We conducted a comprehen-

sive literature review to update the available information on the water crisis in

Mexico and its impact on rural communities in the country, as well as the

methodologies employed to assess water security and the methodological chal-

lenges associated with them. Among the most noteworthy findings is the per-

sistent challenge in evaluating water scarcity and its implications for

communities, due to the lack of consensus on the most precise methodology.

Nevertheless, current methodological approaches suggest the integration of

physical models with pertinent social, economic, and political data. The litera-

ture broadly agrees on the severity of the water scarcity crisis and the clear link

between rural poverty and inadequate access to drinking water. Water scarcity

is both a contributing factor to and a consequence of poverty, stemming from

a complex interplay of socioeconomic pressures, inadequate institutional

responses, and deficient water management. The paper concludes that water

scarcity involves intricate interactions among various factors, encompassing

physical water scarcity, pollution, and the impacts of climate change on the

water cycle, and most critically, the complexities inherent in water manage-

ment and regulatory frameworks. Therefore, the integration of well-informed

policies, effective management practices, and collaborative efforts is crucial for

ensuring a prosperous and sustainable future. Effective water management

can effectively mitigate the challenges of water scarcity and alleviate poverty.
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1 | INTRODUCTION

The current water crisis is one of the most pressing global problems. The variability of the water cycle has increased
due to climate change. Consequently, numerous regions across the world are currently facing severe droughts and brief
periods of extreme precipitation whiplash, threatening the population's survival, socioeconomic development, food
security, and healthy ecosystems. As climate change unfolds, an increased frequency and severity of droughts are antici-
pated, underscoring the significance of different factors contributing to water scarcity. Issues such as quality, quantity,
and safe and equitable water access have become a matter of major concern for the welfare and prosperity of communi-
ties (Gerlak et al., 2018; Greve et al., 2018; Mekonnen & Hoekstra, 2016).

However, the most affected by this water scarcity are poor and vulnerable communities (UN-Water, 2019). Notably,
people living in rural areas experience significantly lower levels of water access than their urban counterparts (WHO,
2017). This imbalance is exacerbated by the fact that the agricultural sector, which is the most substantial consumer of
water, often leaves minimal reserves for human consumption within rural communities. Consequently, securing water
for these communities, as well as for border economic activities and ecosystems, becomes essential for poverty reduc-
tion and the establishment of climate change mitigation strategies from natural disasters foreseen in the next decades
(UN, 2018).

In Mexico, this pressing issue of water scarcity has manifested through an escalating water crisis, where drought
and increased water consumption contribute to an inadequate supply for the main cities in the country
(Martinez-Austria, 2020). The situation is even more distressing for the rural population, perpetuating disparities in
water access and vulnerability to climate-induced challenges (Schneider, 2017).

The lack of or limited access to safe and sufficient water hinders economic development, which restricts the
improvement of poverty alleviation and living conditions. Most rural communities in Mexico are marginalized, live in
poverty, and have limited access to water (CEPAL, 2019; Laorden, 2018). These communities rely on ponds, wells, or
rainstorms to meet their basic needs. Yet, these sources might be contaminated. Therefore, poor water quality and
insufficient water can pose a health risk to people, causing water-borne diseases, such as diarrhea or typhoid. This situ-
ation imposes financial burdens through the costs of treating illness and losses incurred due to illness-related downtime
(Li et al., 2019).

Furthermore, poor water quality can also pose a health risk to the ecosystems on which agricultural production
relies, which in turn aggravates resident living conditions. Additionally, rural inhabitants face economic losses as they
expend time and resources on fetching and treating water, as well as expect diminished agricultural productivity due to
water scarcity (Hossain, 2018). Since agriculture is one of the most critical drivers of economic growth in these commu-
nities, the scarcity of water puts pressure on the availability of water for human consumption (Gomez et al., 2019),
thereby rendering their economies reliant on water.

Moreover, the COVID-19 pandemic has highlighted the importance of water sanitation. Inadequate access to water
may limit essential handwashing practices, while damaged sewer infrastructure exacerbates contact with wastewater.
Unequal access to clean and sufficient water in rural communities results in a clear vulnerability to the pandemic's
effects on health and the economy (Eichelberger et al., 2021; Stoler et al., 2020).

Insufficient water aggravates the living conditions of poor rural communities and limits socioeconomic development
(Lara Cervantes, 2016). Therefore, water management in rural communities is essential for improving access to
resources, increasing availability, and enhancing the socioeconomic conditions and overall quality of life of the inhabi-
tants (CEPAL, 2020).

Managing water resources has become an increasingly complex challenge in a scenario where climate crisis, pollu-
tion, water demand, and food security are all intricately tied to this precious resource. This research seeks to emphasize
the importance of water management in the rural communities of developing countries, where the use of water is the
baseline for sustaining ecosystems, economies, biodiversity, and society. The lack of water in rural areas could be miti-
gated if water management planning is based on wide perspective information related to the social, cultural, political,
economic, and environmental connotations of water scarcity (Gomez et al., 2019).

This paper aims to contribute to the body of knowledge on water scarcity and water security in Mexico, addressing
the challenges associated with water access, especially for vulnerable rural communities. It further seeks to compre-
hend the complexities of evaluating water scarcity, while also examining the link between poverty, and water scarcity,
and the influence of water governance and management.
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2 | METHODS

This study is based on a comprehensive analysis and critical assessment of a diverse range of information sources. Fol-
lowing the review guidelines by Snyder (2019), an integrative literature review related to water resources in Mexico was
conducted. It encompasses statistical data, scientific evaluations, policy and regulation documents, and governance
mechanisms. The main motivation behind this study is to explore and address the context and challenges posed by
water scarcity in Mexico, particularly its impact on rural marginalized communities in arid regions.

Considering the above, the following defined steps were undertaken in the development of this research: First, the
investigation involved reviewing and synthesizing data and information regarding the situation of water resources in
Mexico, describing the general context of water availability, quality, and characteristics of surface water and aquifers.
This overview encompasses current patterns and trends in precipitation variations and the impacts of hydrometeorolog-
ical events driven by climate change. Second, the exploration delved into the intricate factors contributing to water scar-
city and the complexities surrounding the attainment of water security, such as equitable access to water and
regulatory framework deficiencies in governance management, institutional coordination, access to information on
water resources, and public participation. Third, the research examined the methodologies employed to scrutinize the
water crisis in Mexico, analyzing the scope of the assessments, their limitations, and endeavors to encompass the com-
plex social dimensions of water scarcity. Finally, there is an emphasis on shedding light on the context of rural margin-
alized communities, which bear the brunt of water scarcity in the arid regions of Mexico. This section integrates the
information analyzed in the previous sections and includes social research perspectives that link the interaction
between poverty and water scarcity. This study aims to draw a larger picture to understand how the physical water scar-
city along with social, economic, and political factors hinder the overall well-being of these communities and their
development. Potential strategies to alleviate this situation are also briefly revised.

3 | RESULTS AND DISCUSSION

3.1 | Water situation in Mexico

3.1.1 | Water resources

The complexity of Mexico's geography leads to a wide variety of climates throughout the territory. The northern and
central zones, which cover two-thirds of the territory, have arid or semiarid ecosystems, with scarce annual precipita-
tion averaging around 400 mm. Meanwhile, the southeastern region is humid, receiving precipitation that exceeds
2000 mm per year (CONAGUA, 2021).

Evaluations have pinpointed northern Mexico as one of the regions most adversely affected due to its arid land-
scapes (Aguilar Barajas & Ramírez Orozco, 2021; G�alvez, 2020; Mekonnen & Hoekstra, 2016; Montesillo Cedillo, 2017).
More than half of Mexico's land (61%) has some degree of aridity, and human water demand is constantly increasing
(Díaz-Padilla et al., 2011). In 2020, rainfall did not manage to fully supply all the dams in central and northern México
(CONAGUA, 2020). The effects of this shortfall are still evident in 2023, with more than half of the most vital reservoirs
operating at less than half of their capacity. In addition, the condition of most aquifers is critical (Gutiérrez-Ojeda &
Escolero-Fuentes, 2020; Raynal-Villasenor, 2020; Villarreal, 2020).

Moreover, the distribution of water resources in Mexico does not align with the geographical distribution of the pop-
ulation or the economic productivity of different regions. In the central and northern regions, where rainfall is scarce,
water availability is limited. Despite accounting for only 32% of the country's renewable water, these regions are home
to 77% of the population and contribute 82% to the overall national economic output or gross domestic product (GDP)
(Boltvinik & Dami�an, 2016; CONAGUA, 2021; INEGI, 2021).

In 2020, the annual per capita water availability in Mexico was 3663 m3 (CONAGUA, 2021). However, this overall
national figure does not consider the disparities in different regions due to the complex geographical features and
diverse rainfall patterns across the country. Specifically, in the central and northern regions, the average annual water
availability is approximately 1528 m3 per person (CONAGUA, 2020). According to the Falkenmark index, areas with
values under 1700 m3 per person per year imply water stress. This implies that over two-thirds of the Mexican popula-
tion resides in areas where the demand for water surpasses the available supply (Vanham et al., 2018).

PACHECO-TREVIÑO and MANZANO-CAMARILLO 3 of 18

 20491948, 2024, 4, D
ow

nloaded from
 https://w

ires.onlinelibrary.w
iley.com

/doi/10.1002/w
at2.1721 by C

ochrane M
exico, W

iley O
nline L

ibrary on [11/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Despite national estimates concealing regional water stress, the situation remains alarming. This is due to a substan-
tial decline of nearly 30% in per capita water availability over the past three decades (CONAGUA, 2018). This decline is
primarily attributed to fluctuations in precipitation patterns, population growth, and an increase in population concen-
tration in urban areas (Montesillo Cedillo, 2017).

Across central and northern Mexico, precipitation patterns reveal a predominant monthly occurrence between June
and September, accounting for approximately 68% of the total annual precipitation (CONAGUA, 2020). These regions
experience prolonged periods of drought throughout most of the year, thereby exacerbating water scarcity. In some of
these regions, most annual precipitation originates from cyclonic downpours associated with hurricane activity
(Ar�ambula, 2005; Martinez-Austria, 2020). Furthermore, sudden downpours leading to flooding have detrimental
effects, causing economic losses through infrastructure damage, lost crops, and even human casualties (Montesillo
Cedillo, 2017; Villarreal, 2020).

In addition, it is imperative to account for distinct seasonal variations in rainfall distribution. As detailed in the
2022 Climate Report for Mexico (CONAGUA & SMN, 2022), these variations appear to have intensified over the past
decade. From 2010 to 2020, the central and northern regions of Mexico experienced notable deficits in precipitation
accumulation, contrasting notably with the patterns exhibited in the decades preceding this interval. This complex phe-
nomenon is formally referred to as a “precipitation anomaly.”

It is of utmost importance to recognize the intricate relationship between precipitation patterns and climate change,
as precipitation remains subject to the influence of global climate fluctuations. Mexico's central and northern regions
are particularly vulnerable to the impacts of climate change, and rural communities in these regions are in a critical sit-
uation (Díaz-Padilla et al., 2011; Martinez-Austria, 2020). Climate change causes perturbations in precipitation dynam-
ics, and projections predict that this variability will continue to intensify. Intense droughts are expected to become
frequent in the arid region, whereas the southern territory may experience substantial floods. These phenomena impact
water availability, which in turn negatively affects the supply and quality of water resources (IPCC, 2022).

Regarding water quality within the Mexican context, data provided by the 2020 Environmental Performance Index
(EPI) reveal that nearly half of the country's surface water sources are contaminated, prominently attributed to fecal
coliforms (CONAGUA, 2021; Wendling & Holt, 2020). This situation poses serious implications for public health. More-
over, approximately 8% of underground water sources exhibit instances of contamination, predominantly because of
salinization or marine intrusion, but soil pollutants from agriculture and industrial activities can also affect water qual-
ity (Hoogesteger & Wester, 2018).

Underground water provides approximately 62% of Mexico's human water consumption (Gutiérrez-Ojeda &
Escolero-Fuentes, 2020; Martinez-Austria, 2020; Raynal-Villasenor, 2020). Aquifers possess inherent characteristics that
confer them with the advantage of an augmented reservoir capacity compared to surface water sources. In addition,
they exhibit a heightened capacity for resisting contamination and enduring the effects of climate change. Moreover,
they underpin 52% of the industrial water supply and 34% of agricultural production. Therefore, there is a great pres-
sure on underground water resources, within arid and semiarid regions 17% of aquifers exhibit signs of overexploitation
(CONAGUA, 2021). Overexploitation has been caused by high water extraction that surpasses the natural replenish-
ment attributed to precipitation.

3.1.2 | Access to water and sanitation

The escalating water demand is also a matter of management and is closely linked to both population growth and
increased economic activities, leading not only to water scarcity but also triggering political and social conflicts among
the different users in the country (Arreguin-Cortes et al., 2019; De la Cruz Rock et al., 2009; L�opez-Lambraño
et al., 2020; Reis, 2017). In Mexico, deficiencies in the water supply and the provision of sanitation services have led to
inequality in water access for the population (Hoogesteger & Wester, 2018; Montesillo Cedillo, 2017; Rolland & Vega
C�ardenas, 2010). According to data from the National Institute of Statistics and Geography (INEGI, 2021), approxi-
mately 22 million Mexicans lack access to piped water in their homes. Moreover, an additional 10% of the population
faces a complete lack of access to water. Populations residing where water extraction concessions exist are restricted to
access to water, with concessions mainly granted to agricultural and mining industries. This affected population is con-
centrated in marginalized regions of the country, predominantly compromising rural inhabitants residing in arid areas.
Limitations to water access not only perpetuate but also exacerbate social disparities (Dickson et al., 2016; Eichelberger
et al., 2021).
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The multifaceted issue of water access disparities is intricately intertwined with the challenges posed by inadequate
infrastructure, which exacerbates the complexities of providing water to populations and perpetuates the ongoing deg-
radation of water quality (Lara Cervantes, 2016; Reis, 2017). This issue is particularly prevalent in rural areas, where
the most significant gaps exist in terms of drinking water and sanitation services (Jiménez-S�anchez, 2010). In addition,
water sanitation infrastructure facilitates access to clean water and consequently influences socioeconomic conditions.
In Mexico, only 57% of wastewater undergoes any form of treatment (CONAGUA, 2021). However, treatment facilities
lack the technological capacity to remove emerging contaminants. The remaining wastewater (43%) is discharged
untreated into surface water bodies, thereby exacerbating environmental issues.

In essence, water management institutions struggle to distribute this scarce resource equitably. Establishing the
appropriate infrastructure and technology customized to the specific conditions of each region is imperative for enhanc-
ing water use and distribution, while also addressing the underlying social inequalities. Thus, water scarcity in Mexico
is also influenced by social, institutional, economic, and political factors (Díaz-Padilla et al., 2011; Lara Cervantes, 2016;
Torres Alonso, 2020).

3.1.3 | Framework for water regulation

Currently, the regulatory framework for water management in Mexico exhibits notable deficiencies, leading to various
challenges, including human rights violations, unequal water distribution, and unsustainable practices (Embid &
Martín, 2015; Lemos Figueroa et al., 2018). Regulatory frameworks profoundly influence crucial aspects of water gover-
nance, including public policies, management planning, pricing strategies, and the regulation of water subsidies. They
establish the groundwork for water management planning to fulfill water-related policies, thereby shaping societal, eco-
nomic, and environmental outcomes intertwined with water resources. Given the complex interplay of challenges posed
by the water crisis, it is imperative to adopt an integrated and inclusive approach within the legal and regulatory frame-
works for water management in Mexico (P�orcel & Pérez, 2017). An updated perspective on water management is essen-
tial to effectively achieve the overarching goal of ensuring universal access to water and a sustainable water future
(UN-Water, 2019).

In Mexico, the National Water Law serves as the legal foundation for water resource management. Since 1992, this
law has outlined conditions to ensure water sustainability and security, including the granting of water extraction con-
cessions, regulations for water allocations, and discharge permits. It has granted the National Water Commission
(CONAGUA by its acronym in Spanish) the responsibility of conserving national waters and their inherent assets for
sustainable public administration and sufficient water supply for the population, spanning all productive sectors and
encompassing environmental water requirements (Martínez Austria et al., 2019).

Moreover, underscoring its dedication to fundamental human rights and global initiatives, Mexico solidified its
stance by enshrining the right to access water within its national constitution in 2012 (Wilder et al., 2020). The Mexican
Constitution guarantees every person the right to accessible, safe, and affordable water for personal and domestic use,
with the State being responsible for ensuring this right through established legal mechanisms (Ochoa-García &
Rist, 2018). By that time, it was evident that the existing water regulatory framework outlined in the 1992 National
Water Law was inadequate for addressing the complex issues related to the water crisis. As a response, the Congress
was intended to dedicate a year to reviewing the water law to create a comprehensive set of regulations. This review of
water law was expected to include an integrated set of regulations that not only recognize the human right to clean
water and encompass other interconnected human rights. These included the right to a healthy environment, access to
sufficient food, preservation of cultural identity, and assurance of good health (Casiano Flores, 2023; Lemos Figueroa
et al., 2018).

The stipulated deadline has been exceeded by more than a decade, highlighting an omission and lack of compliance
by the Mexican legislative authority. This situation highlights a dearth of commitment to meeting the country's interna-
tional obligations concerning water management and access (García-Searcy et al., 2022). As a substantiation of this
claim, the law fails to address the rights of indigenous peoples, allows private involvement in water and sanitation ser-
vices, neglects the recognition of community systems, and grands CONAGUA extensive functions for water manage-
ment, consequently resulting in restricted citizen involvement (Casiano Flores, 2023; Ochoa-García & Rist, 2018).

The current context often involves political decisions that prioritize economic growth, disregard considerations for
the maximum sustainable limits within catchment areas, or uphold the safeguarding of ecosystems (Lara
Cervantes, 2016). Water management policies predominantly focus on meeting the water requirements of urban areas
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and both industrial and agricultural activities. However, this approach can inadvertently sideline rural communities,
raising concerns about equitable resource allocation and balanced environmental stewardship (Torres Alonso, 2020).
Often, rural areas serve as the primary source of water, which is subsequently transported across significant distances
to meet urban demand.

A district contrast emerges between management approaches to address the declining availability and quality of
water surface and groundwater governance to alleviate the excessive exploitation of aquifers. In Mexico's regulatory
framework, surface water management is designed on the basis of watershed factors, incorporating geographical and
soil attributes along water pathways. Instead, municipalities managed aquifers resulting in a management approach
rooted in a political administration. Regional diversity in aquifer management and dependance on municipal budgets
have led to the neglect of acknowledging the intricate subterranean flow systems inherent to aquifers (Montesillo
Cedillo, 2017; P�orcel & Pérez, 2017).

However, the management of surface water faces notable deficiencies. The central concern involves the pollution of
surface water bodies due to industrial discharges, agricultural runoff, and untreated sewage discharge, which pose
threats to water quality, ecosystem health, and inequitable access to clean water (P�orcel & Pérez, 2017; Sanchez Cohen
et al., 2018). Moreover, significant water loss through leaks and inefficiencies within distribution systems results from
deficient infrastructure and maintenance. These are compounded by the fragmented governance and regulatory frame-
works, which create challenges in coordinating water management efforts among different agencies and jurisdictions.
In addition, insufficient data collection and monitoring systems hinder the understanding of water availability and
usage patterns, thus impeding informed decision-making in management strategies. These patterns often lead to con-
flicting priorities for water allocation and use.

Another concern regarding groundwater management is water concession administration. A large portion of the
extracted groundwater volumes remains unmeasured, resulting in significant uncertainties concerning water availabil-
ity, sustainability, and ecological impacts (Martínez-Austria & Vargas-Hidalgo, 2017). According to the monitoring and
data collection system of the Public Registry of Water Rights (REPDA, 2020), approximately 71% of the concessions lack
any form of measurement. Moreover, around 70% of concessions are held by a mere 7% of concessionaires, indicating
the control over concessions by a minority of stakeholders. This situation has contributed to an unequal distribution of
water resources and has led to escalating conflicts over water access, particularly in arid areas where aquifers are prone
to overexploitation.

3.2 | Water security assessments

The concept of water security has emerged as a response to the pressing need to address and mitigate water scarcity sit-
uations by promoting sustainable and equitable management of water resources. Addressing water security is a global
urgent necessity in policy agendas to achieve sustainable development. This worldwide consensus on water security
constitutes a fundamental pillar of the United Nations agenda for 2030 (Hossain, 2018; Sadoff et al., 2020). Marked defi-
ciencies in water security are attributed to a confluence of socioeconomic pressures, suboptimal institutional responses,
and deficient water resource management (Gerlak et al., 2018). This approach prioritizes the regulation and administra-
tion of water resources within the framework of international policy directives (Damkjaer & Taylor, 2017). Despite the
challenges posed by factors such as climate change and population growth, effectively managing water can significantly
improve the water crisis. In addition, it involves the necessity to manage water-related risks with prevention, adapta-
tion, or mitigation strategies to address the negative impacts of floods resulting from heavy rainfall and the scarcity of
water caused by drought conditions (Grey & Sadoff, 2007). This is also relevant to the international agenda because
of the interconnectedness of water resources and food security, highlighting the essential need to manage water to sus-
tainably support food production (UN-Water, 2019).

With approximately two-thirds of Mexico's land characterized by arid and semiarid conditions; the country faces
natural water scarcity. Moreover, these regions are vulnerable to significant deficits in water security (Arreguin-Cortes
et al., 2020). Recent calculations of the Falkenmark Indicator in Mexico show that approximately 35.25 million people
live in critical and extremely water-scarce conditions in the country's arid regions (CONAGUA, 2020).

A thorough analysis of water security implications, conducted by Raynal-Villasenor (2020), emphasizes that
Mexico's categorization as a vulnerable nation to water security arises from its climatic, geographic, political, and social
attributes related to water resources and the interactions of these factors. Additionally, Martínez Austria et al. (2019)
noted the significant impact of agriculture on water security, as it consumes 70% of Mexico's water resources. This study
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revealed inefficiencies in industrial agricultural water usage, significant wastage, and notable reliance on overexploited
aquifers. Other studies have carefully outlined the consequences of this situation, resulting in impoverishment, soil ero-
sion, escalated climate-related risks, and diminished food and economic security (Ar�ambula, 2005; Barbier &
Hochard, 2018; CEPAL et al., 2020; De la Cruz Rock et al., 2009; Gerlak et al., 2018; PNUD, 2006).

3.3 | Water scarcity assessments

Commonly used methods to measure water scarcity are calculated on the basis of the geographic and temporal mis-
match between freshwater demand and availability. However, water scarcity is not exclusively tied to the physical con-
straints of water availability (Quinteiro et al., 2018; Rijsberman, 2006), and relying solely on this approach overlooks
contextual realities in areas where precipitation and water flow might not be significantly reduced, but human factors
still contribute to water scarcity. A more comprehensive and holistic definition of water scarcity encompasses various
dimensions including social, economic, political, and cultural aspects that affect how water is accessed, distributed, and
managed in various contexts (Damkjaer & Taylor, 2017; Hossain, 2018; Vanham et al., 2018). Because of its complexity,
there is no agreed-upon definition or standardized method for measuring water scarcity. Consequently, various assess-
ments capture distinct aspects of water scarcity. By outlining the scope and limitations of each analysis, the assessments
contribute pieces to the larger puzzle and offer a comprehensive view. Thus, measurements can take the form of physi-
cal assessments or be framed in terms of social or economic implications (Guppy et al., 2019).

Water scarcity assessments have primarily evaluated the progress toward reducing water scarcity and identified
future occurrences of water scarcity (Damkjaer & Taylor, 2017). Findings from diverse evaluations and metrics provide
a baseline for developing sustainable water management strategies to improve water access without disrupting ecosys-
tem water cycles. This section examines the results of diverse studies conducted in Mexico's arid regions. The relevant
results are organized on the basis of the dimensions of water scarcity assessed: physical, social, or economic.

3.3.1 | Physical water scarcity

The Falkenmark Indicator or water stress index (WSI) is one of the most widely used methods for assessing the balance
between water supply and demand within a region or country (Damkjaer & Taylor, 2017). It serves as an approximate
measure to gauge the pressure on water resources. As previously mentioned, estimations of the WSI in Mexico have
revealed that half of the population living in the central and northern regions of the country lacks sufficient renewable
freshwater (CONAGUA, 2021).

However, this approach neglects factors associated with water supply and demand, such as culture, lifestyle, cli-
mate, and water resource accessibility (Rijsberman, 2006; White, 2014). In addition, it does not consider variations in
water use and demand within a region, particularly in the context of assessing heterogeneous areas where available
water faces pressure from agricultural production or densely populated urban centers. Consequently, arguments have
arisen that the WSI might underestimate the impacts on smaller populations and fail to effectively compare water stress
between regions (Damkjaer & Taylor, 2017). This is relevant because, in Mexico, similar to global trends, the population
is increasingly concentrated in urban areas, and agriculture accounts for approximately 70% of freshwater extractions
(CONAGUA, 2021; UN, 2018).

Furthermore, the demand for water is increasing because of population growth and the rising need for food produc-
tion. This issue is exacerbated by the climate change-induced alterations in precipitation patterns in central and north-
ern Mexico. From this perspective, several evaluations have examined the physical scarcity of water resources required
for food production and human well-being. Thus, Rosa et al. (2020) conducted a monthly agrohydrological analysis of
water scarcity and found that the water crisis constricted global food production. Moreover, this study highlights that
regions such as the high plains of the southern United States and northern Mexico could only meet current agricultural
water demands through the sustainable use of water resources.

In addition, Sanchez Cohen et al. (2018) analyzed food production despite water constraints due to the impacts of
El Niño climate phenomena using a standardized precipitation index. The findings indicated that irrigation systems in
northern Mexico could withstand future predictions of water scarcity, even with worsening El Niño impacts. This study
demonstrated that even with restricted irrigation water, crops can be maintained with lower water demands through
increased institutional and financial support for hydrological irrigation systems. Furthermore, in a case study conducted
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in the Guadalupe Basin, L�opez-Lambraño et al. (2020) assessed the challenges for wine production under scenarios of
severe aridity conditions and high water demand for both human consumption and crop irrigation. This study demon-
strated the feasibility and effectiveness of rainwater harvesting as a sustainable strategy for ensuring access to water
resources during months of limited rainfall.

A third approach is to quantify the degree of aridity or dryness in a particular region using the Aridity Index (AI). It
represents the balance between available water resources (precipitation) and the potential water loss from the soil and
vegetation due to evaporation and transpiration, collectively known as potential evapotranspiration (PET) (UNEP,
1992). AI categorizes regions into different levels of aridity. In Mexico, estimates reveal that 1% of the territory is
hyper-arid, 27% is arid, and 35% falls within semiarid zones (Díaz-Padilla et al., 2011). However, limitations in aridity
measurements have been prevalent in developing countries due to the lack of measured PET data and challenges with
accurate PET estimations (Sahin, 2012). A more comprehensive evaluation of aridity aims to overcome these limitations
through the application of geostatistical interpolation models (De Jesus Correa-Islas et al., 2023). This study predicted
future aridity scenarios in northern Mexico that may worsen the current situation, potentially leading to a gradual
decline in humidity and environmental resilience.

Until now, water scarcity indices have predominantly focused on describing the shortage of water resources in terms
of meeting water demand. However, water scarcity extends beyond physical or environmental constraints and encom-
passes social, economic, political, and cultural dimensions that impact water access, distribution, and management
(G�alvez, 2020). Despite this, quantifying water scarcity resulting from diverse social factors presents considerably
greater complexity (Quinteiro et al., 2018).

3.3.2 | Socioeconomic water scarcity assessments

One of the approaches used to quantify the socioeconomic implications of water scarcity is the Global Water Security
Index (GWSI), which measures water security in line with Goal 6 of the 17 Sustainable Development Goals established
by the United Nations (United Nations, 2015). The GWSI integrates physical and socioeconomic indicators of water
security, comprising four criteria: water availability, accessibility, and quality, along with safety and management (Gain
et al., 2016). Although the index is primarily applied at a global scale, assessments at various scales within Mexico have
been conducted (Arreguin-Cortes et al., 2019, 2020). However, the authors recognized challenges in applying this meth-
odology due to difficulties in accessing data concerning water availability and water quality monitoring, along with the
complexity of integrating elements such as water governance and institutional coordination (effectiveness). Because
standardized data might not be accessible for every region, making comparisons is unfeasible (Brown & Matlock, 2011).

To provide a broader understanding of water scarcity, the International Water Management Institute (IWMI) pro-
posed a method that addresses limitations by including water infrastructure, recycled water, and adaptive capacity
(Damkjaer & Taylor, 2017). This method categorizes countries as economically water scarce if they are unable to meet
future demand without investing in water infrastructure, that is, economic water scarcity, and physically water scarce if
they are unable to meet demand even with investment, that is, physical scarcity. In Mexico, the implementation of this
methodology has pinpointed the central and northern regions as water physical scarce, while the southeastern region
faces economic scarcity. However, these estimates should be approached with caution because this approach overlooks
people's adaptive capacity and economic resources to cope with declining water availability (Torres Alonso, 2020).

Another approach is the Water Poverty Index (WPI), which employs a multidimensional methodology
encompassing five key components: available water resources, water access, water management capacity, water use for
domestic, food, and production purposes, and environmental concerns (Sullivan et al., 2006). These components are
integrated into a single measure. However, because of the complexity involved in integrating extensive and varied data,
its applicability is better suited for analyzing smaller-scale areas, particularly within vulnerable communities. Some
evaluations have implemented this approach in Mexico, at both local and national levels, highlighting the involvement
of inhabitants in marginalized areas in participatory water management (Camberos, 2021; L�opez-Álvarez et al., 2019;
Wurtz et al., 2019). However, there are still limitations in effectively incorporating information related to the political
and social factors causing water scarcity (Anju et al., 2017).

From an economic perspective, water scarcity involves changes in consumption patterns and economic costs for
adaptation. Additionally, water scarcity impacts various economic sectors, involving interactions between consumers,
producers, and different economic activities (Garfì & Ferrer-Martí, 2011; Lara Cervantes, 2016). Although the aforemen-
tioned methods strive to incorporate adaptation costs related to water scarcity primarily focused on agriculture or
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infrastructure (Eichelberger et al., 2021; L�opez-Lambraño et al., 2020; Rosa et al., 2020; Sanchez Cohen et al., 2018), the
hydro-economic model has been employed to examine shifts occurring in distinct economic sectors (Dolan et al., 2021).

The challenge of evaluating water scarcity and its impact on communities persists due to the lack of consensus
regarding the most accurate assessment methodology for the social, economic, and environmental conditions specific to
each region (Hossain, 2018; Torres Alonso, 2020). Developing a precise evaluation requires considering the influence of
socioeconomic factors on water availability conditions. While some authors argue that attempting to measure socioeco-
nomic indicators can prove exceedingly complex and potentially undermine the accuracy of water scarcity assessments,
others advocate confining such assessments to physical descriptions of the environment (Damkjaer & Taylor, 2017;
Vanham et al., 2018).

Other studies have proposed differing methodologies, ranging from using multivariate techniques to employing
indicators compiled from systematic reviews (Dickson et al., 2016; Domínguez et al., 2019; Garfì & Ferrer-Martí, 2011).
However, effectively integrating social, economic, and environmental factors into assessment models continues to pose
a notable challenge, because of an incomplete understanding of the interactions and criteria for quantifying social water
scarcity. Recent approaches have incorporated diverse sources of data and social studies to target management strate-
gies and interventions aimed at assisting vulnerable communities in water management. The following
section addresses qualitative studies that examine, from a social perspective, issues such as deficiencies in water plan-
ning and management, institutional incapacity to provide water services, unsustainable economic policies, disparities
in power relations, inequality, and poverty, all of which contribute to the exacerbation of water scarcity.

3.4 | Water crisis correlation with poverty

People facing poverty often encounter impediments to their economic and social progress, which are further
exacerbated by their limited access to natural resources (UN, 2018). Water scarcity constrains the capacity to sustain
life, well-being, and socioeconomic progress. Since the beginning of the millennium, recognizing access to safe water as
an essential human right has been a fundamental priority on the United Nations' agenda (UHCHR & WHO, 2010),
which has encouraged governments to enhance their efforts to satisfy human needs and meet the UN's Sustainable
Development Goals (UN, 2018).

Limited access to safe water is both a contributing factor to poverty and a consequence thereof (Serebrisky
et al., 2018). Water is a fundamental resource for daily necessities such as drinking, food preparation, and sanitation.
Beyond these immediate necessities, water is essential for sustaining agriculture production, food systems and
supporting other vital productive activities. However, marginalized and impoverished communities, which are often
prevalent in rural areas, bear the brunt of water scarcity, as poverty compounds the challenges of securing sufficient
water for daily needs and family farming (Hemson et al., 2013; Lara Cervantes, 2016). Thereby, these communities are
compelled to grapple with the dual struggle of poverty and water scarcity, creating a cycle of vulnerability that is diffi-
cult to break (Boltvinik & Dami�an, 2016; UN, 2018).

Several authors agree that addressing the water crisis in the rural sector is a priority for achieving socioeconomic
development and implementing strategies to adapt to climate change (Garfì & Ferrer-Martí, 2011; Villada-Canela
et al., 2019). Studies have discussed the pivotal role of water management improvements in promoting sustainable
development and alleviating poverty (Dickson et al., 2016; Lemos Figueroa et al., 2018). However, attempting to reduce
rural water poverty in Mexico is a complex problem. This involves considering various factors, including physical water
scarcity, contamination, and the impacts of climate change on the water cycle, but most importantly, the intricate
aspects of water management, land-use planning, and regulations framework (Martínez Austria et al., 2019; Raynal-
Villasenor, 2020).

Rural communities hold significant importance within Mexico's economy, serving as the sector that supplies food
and natural resources, especially water resources, to sustain the survival of large urban areas (Díaz-Padilla et al., 2011;
Martínez Austria et al., 2019). Despite comprising only 23% of the total population, the rural sector contends with a sub-
stantial poverty rate of 55%, and an estimated 5.2 million individuals endure the hardships of extreme poverty
(CONEVAL, 2018; INEGI, 2015). The absence of adequate water services faced by this population has had a detrimental
effect on their overall progress, hindering their social development. This water scarcity creates a domino effect that
impacts various aspects of rural life, such as health education, livelihoods, and overall resilience (CEPAL, 2019;
Martínez-Carrasco, 2014; Stoler et al., 2020).
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In addition, rural communities, especially those in Mexico's driest regions, are scattered in isolated locations
(INEGI, 2021). This geographic dispersion poses challenges for public institutions in terms of providing quality public
services, resulting in increased costs for government investments. In such cases, rural inhabitants must bear the costs
associated with obtaining water from distant sources or purchasing it from private providers (Gomez et al., 2019;
L�opez-Morales & Duchin, 2015). For rural communities already grappling with poverty, these escalating costs create a
detrimental ripple effect. Individuals and families with limited financial resources find it even more challenging to
afford the fundamental necessities required for their sustenance and livelihoods, such as education and healthcare
(Ar�ambula, 2005; Reis, 2017; Stoler et al., 2020).

Therefore, water serves as an economic commodity, and its valuation reflects its scarcity and the investment
required for allocation and treatment (Soares, 2021; Staddon & Scott, 2018; Wilder et al., 2020). In terms of allocation,
there is a significant disparity in access to water services between urban and rural areas. In Mexico, as in other develop-
ing countries, urban areas have a higher coverage percentage due to higher population density, making supply more
affordable and accessible. Conversely, providing water services to remote areas where the rural population inhabits is
more expensive in terms of government investment in infrastructure. The high cost associated with water supply in
rural areas is often justified by the underrepresentation of the rural population. Over 70% of Mexico's population, while
the rest of the population lives in communities with less than 2500 inhabitants (criterion used for rural classification).
Consequently, public investment exhibits a bias toward urban areas (Fern�andez et al., 2022).

The rural population's constraints to access water services are compounded by the higher expense of accessing water
resources. Therefore, the income of the rural population is a crucial factor in accessing water supplies in remote areas.
The water supply of these populations predominantly depends on natural sources of water, such as aquifers and springs
(García-Searcy et al., 2022). Inhabitants of these rural communities must bear the costs of transporting water. It is often
the community that uses its budget to build or repair infrastructure such as wells or cisterns (Soares, 2021). Water qual-
ity derived from these sources remains generally uncertain throughout all localities, and institutional diagnosis remains
predominantly absent. While some communities place trust in the water quality of their sources, others show skepti-
cism and opt to purchase bottled water (Faviel Cortez et al., 2019; Gomez et al., 2019; Stoler et al., 2020). This perpetu-
ates a cycle of deprivation and restricts opportunities for economic improvement and social mobility.

Water scarcity in Mexico's arid regions results from a complex mix of factors, including physical water shortages,
however, water governance and water management are considered to play a greater role (Reis, 2017; Wilder
et al., 2020). As previously outlined, water resource-related public policies in Mexico still operate within an insufficient
legal framework (Luiselli Fern�andez, 2018). For instance, access inequity and social conflicts arise from infrastructure
projects such as dams or aqueducts (McCulligh & Tetreault, 2017). Numerous studies have revolved around discussions
concerning the commercialization of water and the privation of water-related-rights, resources, and infrastructure that
were previously within the public or common domain (G�alvez, 2020; Martínez-Austria & Vargas-Hidalgo, 2017). Other
studies highlight the lack of attention to improving access and water supply in rural populations is due to water not
being managed as a public good. Instead, corporate interests and privileged stakeholders create an unequal distribution
and monopolization of water, fostering resource scarceness (Kručkov�a & Turner, 2017; Rolland & Vega C�ardenas, 2010;
Torres Alonso, 2020). Despite the concerns about water availability, the major problem is inequality as certain social
groups are excluded from access to water.

In arid regions, water stress worsens water scarcity for rural communities, especially when industrial farming has
more financial resources and infrastructure. This can reduce water availability for local farmers, thereby affecting their
productivity, livelihoods, and basic needs (Díaz-Padilla et al., 2011; Dickson et al., 2016; Martínez Austria et al., 2019).
Such challenges are exacerbated by land degradation and aridity, which affect the role of natural vegetation in
replenishing aquifers, rivers, and soil health.

Furthermore, local-scale farming is the predominant form of agriculture in rural communities. These communities
are substantially reliant on agriculture and cattle-raising for their livelihoods, making water scarcity due to droughts a
critical factor influencing their living conditions and income sources (CEPAL, 2020). However, industrial farming water
needs can strain local resources. A significant portion of farmland depends on rainwater, but the lack of proper infra-
structure and water management causes approximately 60% of this water to go to waste (CONAGUA, 2020). This prob-
lem intensifies with competition from industrial agriculture companies for water resources. Industrial agriculture,
which is characterized by large-scale farming operations has substantial water demands for irrigation (Martínez Austria
et al., 2019).

To address the rising demand for food without expanding the cultivated areas and undermining farmer livelihoods,
agricultural practices require improved irrigation and sustainable water management practices (CEPAL, 2019; P�orcel &
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Pérez, 2017; Rosa et al., 2020; Schneider, 2017). Evaluations of the major irrigated croplands in the arid regions of
Mexico by Rosa et al. (2020) proposed the concept of “agricultural economic water scarcity” to enhance the sustainable
irrigation of water-scarce croplands, arguing that in most cases, the lack of irrigation in arid Mexico was due to limited
institutional and economic capacity rather than hydrologic constraints. In particular, for small-scale agriculture in arid
regions of Mexico, the current water availability could be improved by introducing appropriate technologies, water
reuse, training, and greater control of irrigation allocations (Martínez Austria et al., 2019; Velasco-Muñoz et al., 2019).

In addition, the vulnerability of Mexico to climate change is influenced by its geographical features, whereas eco-
nomic conditions exacerbate the impacts of extreme hydrometeorological events (Arceo-Gomez et al., 2020). The liveli-
hoods of millions are at risk from floods or droughts, particularly in the arid areas in northern Mexico, where
consistent patterns of drought exceed projections (Galvez et al., 2020). Recent studies have focused on understanding
the impacts of droughts on rural communities and their adaptive capacity under economic constraints. The findings
provide compelling evidence that droughts detrimentally affect the well-being of rural households, leading to reduced
earnings and an increase of nearly five percentage points in the likelihood of experiencing poverty following a drought,
compared with their unaffected counterparts (Arceo-G�omez et al., 2020).

As climate change intensifies, an increase in the frequency and severity of droughts is expected, highlighting the
need to address the requirements of rural communities and comprehend the elements bolstering their adaptive capac-
ity. Nonetheless, rural communities demonstrate diverse levels of resilience despite water scarcity and climate change
impacts (McCulligh & Tetreault, 2017). The adaptability and ability to withstand these challenges are determined by
factors such as geographic location, socioeconomic conditions, resource accessibility, and existing infrastructure
(Laorden, 2018). While certain rural communities have developed innovative strategies to cope with water scarcity and
climate-induced pressures, others may struggle due to limited resources, insufficient support systems, and vulnerabil-
ities stemming from poverty and isolation (Lara Cervantes, 2016).

In these cases, communities with better organization, cooperation, participation, and higher economic resources
tend to improve their access to water and adaptive capacity. Although these cooperative efforts are important, they
require continuous external support, including funding, technical advice, and democratic participation. This support
must come from public entities to maintain water quality and long-term coverage. However, in Mexico, institutional
support falls short in providing such assistance (Hutchings et al., 2015; Koff et al., 2022; Pinilla-Rodriguez & Torres-
Sanchez, 2019).

The regulatory framework in Mexico has contributed to the uneven distribution of economic resources among pub-
lic institutions responsible for upholding the right to equitable water access (Serebrisky et al., 2018). Few efforts have
been made to enhance rural infrastructure and implement irrigation programs for small-scale agriculture (Luiselli
Fern�andez, 2018; Sanchez Cohen et al., 2018). Therefore, there remains a pressing need for the implementation of cost-
effective technologies and comprehensive, multi-sectorial rural development policies to alleviate poverty and enhance
the well-being of the rural population (Lemos et al., 2020).

Currently, researchers underscore that even in instances where laws aim to eliminate water privatization, achieving
equity in access to water through public water management remains a significant hurdle (Embid & Martín, 2015;
Martínez-Austria & Vargas-Hidalgo, 2017; P�orcel & Pérez, 2017). Incorporation of stakeholders in water management
has faced obstacles due to varying levels of information and influence, institutional shortcomings, limited resources for
stakeholder engagement, and a lack of motivation (Villada-Canela et al., 2019). Hence, a refinement of existing partici-
patory mechanisms is imperative to ensure that water management strategies are holistic, sustainable, and aligned with
the needs and priorities of the people directly affected by water scarcity and socioeconomic challenges.

In this context of stakeholders involved in participatory mechanisms, research has highlighted that women's active
engagement in water management holds the potential to significantly reshape and enhance the sustainability of water
resource utilization in rural communities. Women hold a central cultural position in providing water, preparing food,
and maintaining hygiene. Their everyday practices, shaped by experience and expertise, effectively manage water
resources (Hemson et al., 2013). Women's water management in rural communities has diminished the adverse impacts
of water scarcity by water reuse for multiple purposes. Fielmua and Mwingyine (2018) found significant potential for
achieving sustainable development goals by investing in multiple-use water services to empower women to actively
engage in multiple income streams and enhance water access. Female participation in public water management is cru-
cial to the sustainability of services, especially in rural areas where gender roles are generally constrained. Conse-
quently, to develop effective water policies, it is imperative that participatory schemes integrate gender perspectives to
encompass women responsible for rural water supplies, aligning with the recurring emphasis in numerous studies on
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the significance of women's involvement in water management planning and policies (García et al., 2014; G�omez Colín
et al., 2017; Jiménez-S�anchez, 2010; Silva Rodríguez de San Miguel, 2018).

Furthermore, community water and sanitation systems (SCAS) have emerged as a viable solution in areas where
municipal water authorities lack universal coverage. The SCAS mainly serves rural localities to promote civic engage-
ment, facilitate collaborative water management, enhance resilience against climate and health challenges, and foster a
platform for local governance and capacity building. These systems hold particular significance for ingenious communi-
ties because of their preservation of cultural practices in natural resource management and traditional governance over
territories (Aguilar Amilpa, 2011; Galindo-Escamilla & Palerm-Viqueira, 2007; Ibarra Madrigal et al., 2020; L�opez
García et al., 2017; Matus Ruiz et al., 2023; Ramos-escobedo et al., 2019; Sandoval-Moreno & Günther, 2013; Silva
Rivera et al., 2012).

However, these SCAS often face a lack of formal legal recognition, leading to their exclusion from state-provided
financial resources and opportunities for skills development. This absence of recognition hampers their potential to ful-
fill Goal 6 of the SDG. Nevertheless, specific instances can be found in some rural localities in Mexico where private
sector entities or NGOs assist communities in upholding, respecting, and ensuring water-related rights, while aligning
with the goals set forth in the 2030 Agenda. These projects implement sustainable technologies such as water
harvesting systems (Hossain, 2018). Thus, it is crucial to establish legal certainty for rural communities, strengthen their
organizational and operational capabilities, and appropriately acknowledge their essential role in water management
and provision (Villada-Canela et al., 2019).

Despite the recognition that countries must adapt their water policies for sustainable management, Mexico, like
many other developing nations, grapples with the transition from policy to action (Embid & Martín, 2015). Many stud-
ies have argued that despite the geographical characteristics of Mexico, management is responsible for water scarcity
(G�alvez, 2020; Martínez-Austria & Vargas-Hidalgo, 2017; Montesillo Cedillo, 2017; Torres Alonso, 2020). Equally vital
is the existence of political will, which is characterized by shared recognition of the water scarcity crisis, and heightened
awareness among stakeholders. This is imperative to facilitate the implementation of a novel regulatory framework
designed to improve water availability, quality, and access. Water management should make water sufficient for human
activities and accessible equitably across various social and economic sectors. In addition, it is important that the man-
agement involves the ecosystem conservation. Ecosystems provide health and functionality to watersheds, rivers and
aquifers by enhancing water availability, regulating water flow and improving water quality.

4 | CONCLUSIONS

Water scarcity in Mexico results from the interplay among its diverse geography, changing climate patterns, and human
interventions. This challenge is particularly pronounced in the central and northern regions of the country, where arid
and semiarid climates prevail, leading to heightened water scarcity concerns. The exacerbating impact of climate
change over recent years has escalated the frequency and severity of droughts, significantly affecting water availability
and the socioeconomic fabric of the communities inhabiting these regions. The vulnerability of these regions is under-
scored by a combination of factors, including the overexploitation of aquifers, distribution network deficiencies, pollu-
tion, and inadequacies in water management governance. The situation is exacerbated by the concentration of more
than two-thirds of Mexico's population within these regions. The distribution of the population, coupled with high-
density urbanization trends, plays a pivotal role in determining the dynamics of water demand and supply, along with
competition and conflicts over the use and access to water.

The challenges faced by rural communities in these arid regions are even more formidable. Struggling against the
dual challenges of poverty and water scarcity, these marginalized areas often grapple with inadequate water supply and
sanitation services. This not only perpetuates disparities in water access but also heightens their vulnerability to
climate-induced adversities. Consequently, rural communities find themselves in a vicious cycle where water scarcity
exacerbates poverty, affecting crucial aspects of life, including health, education, livelihoods, and overall resilience.
Addressing the water scarcity issue for these communities is imperative to ensure not only their development but also
the stability of the broader social and ecological framework for ensuring sustained national water and food security.

The urgency to assess the worldwide water crisis has led to the development of different methodologies aimed at
identifying the causes and contributing to finding solutions. Commonly used methods to measure water scarcity have
predominantly focused on describing the shortage of water resources in terms of meeting water demand. However, cre-
ating comprehensive water scarcity models involves numerous challenges and limitations, such as limited data
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availability and insufficient monitoring and measurement of water resources, particularly in remote or less-developed
regions. Furthermore, it is essential to recognize that water scarcity is not determined only by the physical constraints
of water availability. Depending solely on this perspective might overlook contextual realities where precipitation and
water flow remain relatively unaffected, yet social and economic factors profoundly influence water access and distribu-
tion. Achieving a holistic evaluation requires acknowledging the role of socioeconomic factors in shaping water avail-
ability conditions.

While various proposals have attempted to incorporate the distinct social, economic, and environmental characteris-
tics of each region, the challenge of assessing water scarcity and its societal impact persists. The absence of consensus
on the most accurate assessment methodology complicates the process. The intricacies of measuring socioeconomic
indicators are underscored by the intricate interactions and criteria for quantifying social water scarcity. To overcome
these complexities, recent approaches endeavor to integrate diverse sources of data and qualitative studies, examining
social perspectives that encompass water planning and management deficiencies, institutional shortcomings in provid-
ing water services, unsustainable economic policies, power disparities, inequality, and poverty.

Through these assessments, a more comprehensive understanding of the water scarcity puzzle has emerged. There
is a general agreement that promoting sustainable and equitable management of water resources can diminish the solu-
tion to the water crisis. The information and insights gained from the assessments can be used by policymakers, private
institutions, communities, and other stakeholders to design and implement strategies that are better aligned with the
complex realities of water resources. Water management should make water sufficient for human activities and accessi-
ble equitably across various social and economic sectors, without disrupting ecosystem water requirements. Integrating
informed policies, effective management, and collaborative efforts are crucial to securing a prosperous and sustainable
future for Mexico's water resources.

Addressing water scarcity in Mexico requires a comprehensive strategy that encompasses several key initiatives. A crucial
initial step involves developing and implementing a long-term integrated management plan that considers the quantity and
quality aspects of water resources. The national water policy must be revamped to enhance efficiency, decentralize water
rights, and establish effective coordination between regional governments. Tariff policies need reevaluation to better reflect
socioeconomic status, and water allocations should be systematically planned, potentially incorporating targeted subsidies to
ensure access for the marginalized population. Focus should be directed toward mitigating the overexploitation of aquifers
by implementing policies that encourage the reduction of water usage in agriculture and the adoption of sustainable prac-
tices. Urban planning improvements, particularly in densely populated areas, should focus on efficient sewage networks,
wastewater treatment facilities, and pollution mitigation. It is evident that addressing water scarcity requires a holistic
approach, in which policies should strike a balance between economic growth, natural resource management, environmen-
tal conservation, and poverty alleviation. Moreover, policies require thorough evaluation, considering the diverse geographi-
cal, economic, and social characteristics of different regions in Mexico.

The necessity of a comprehensive and all-encompassing approach to water management is evident, encompassing
engagement with local communities, fostering collaboration across diverse sectors, and considering the unique condi-
tions prevalent in rural regions. Additionally, the decentralization of water management jurisdiction, the integration of
diverse financial schemes for water infrastructure, the incorporation of sustainable management strategies within water
regulatory frameworks, and the recognition of the vital contributions made by rural communities in water management
and provision constitute essential approaches for addressing the underlying factors contributing to water scarcity in
Mexico. Further research and development efforts are imperative to explore innovative solutions. A multifaceted
approach tailored to the diverse characteristics of different regions holds promise for alleviating water scarcity in
Mexico and promoting sustainable water management practices.
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L�opez-Álvarez, B., Rizo-Fern�andez, Z., Ramos-Leal, J. A., Mor�an-Ramírez, J., & Almanza-Tovar, Ó. G. (2019). Water poverty index in arid

zones: The Barril aquifer, Santo Domingo, San Luis Potosí, Mexico. Revista Internacional de Contaminacion Ambiental, 35(1), 35–46.
https://doi.org/10.20937/RICA.2019.35.01.03

L�opez-Lambraño, A. A., Martínez-Acosta, L., G�amez-Balmaceda, E., Medrano-Barboza, J. P., L�opez, J. F. R., & L�opez-Ramos, A. (2020). Sup-
ply and demand analysis of water resources. Case study: Irrigation water demand in a semi-arid zone in Mexico. Agriculture
(Switzerland), 10(8), 1–20. https://doi.org/10.3390/agriculture10080333

L�opez-Morales, C. A., & Duchin, F. (2015). Economic implications of policy restrictions on water withdrawals from surface and underground
sources. Economic Systems Research, 27(2), 154–171. https://doi.org/10.1080/09535314.2014.980224

Luiselli Fern�andez, C. (2018). Las pequeñas ciudades de México dentro de una nueva estrategia agrícola y territorial. 20. www.centrotepoztlan.
orgwww.foroconsultivo.org.mx

Martínez Austria, P. F., Díaz-Delgado, C., & Moeller-Chavez, G. (2019). Seguridad hídrica en México: diagn�ostico general y desafíos
principales. Ingeniería Del Agua, 23(2), 107. https://doi.org/10.4995/ia.2019.10502

Martinez-Austria, P. F. (2020). Climate change and water resources in Mexico. In J. A. Raynal-Villasenor (Ed.), Water resources of Mexico
(pp. 157–175). Springer International Publishing. https://doi.org/10.1007/978-3-030-40686-8_9

Martínez-Austria, P. F., & Vargas-Hidalgo, A. (2017). Sistema de asignaciones, concesiones y política hídrica en México. Efectos en el derecho
humano al agua. Tecnologia y Ciencias Del Agua, 8(5), 117–125. https://doi.org/10.24850/j-tyca-2017-05-08

Martínez-carrasco. (2014). Pobreza y políticas de desarrollo rural en México Rural poverty and development policies in Mexico.
Matus Ruiz, M., Carrillo Viveros, J., & Prudencio Gonz�alez, R. (2023). Entre la responsabilidad y la innovaci�on social corporativa: cinco casos

de estudio de empresas multinacionales en México. Entreciencias: Di�alogos En La Sociedad Del Conocimiento, 11(25), 1–18. https://doi.
org/10.22201/enesl.20078064e.2023.25.84976

16 of 18 PACHECO-TREVIÑO and MANZANO-CAMARILLO

 20491948, 2024, 4, D
ow

nloaded from
 https://w

ires.onlinelibrary.w
iley.com

/doi/10.1002/w
at2.1721 by C

ochrane M
exico, W

iley O
nline L

ibrary on [11/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1007/s11625-018-0649-z
https://doi.org/10.7203/cguv.101.13720
https://doi.org/10.2166/wp.2015.128
https://doi.org/10.2166/wp.2015.128
https://doi.org/10.31840/sya.vi22.2112
http://www.beta.inegi.org.mx/proyectos/enchogares/especiales/intercensal/
https://www.inegi.org.mx/contenidos/productos/prod_serv/contenidos/espanol/bvinegi/productos/nueva_estruc/702825197858.pdf
https://www.inegi.org.mx/contenidos/productos/prod_serv/contenidos/espanol/bvinegi/productos/nueva_estruc/702825197858.pdf
https://doi.org/10.1017/9781009325844.CITATIONS
https://doi.org/10.3167/reco.2022.120102
https://elpais.com/elpais/2018/04/16/planeta_futuro/1523887469_688493.html
https://elpais.com/elpais/2018/04/16/planeta_futuro/1523887469_688493.html
https://doi.org/10.5154/r.textual.2017.71.004
https://doi.org/10.3390/su11010085
https://doi.org/10.24850/j-tyca-2017-01-08
https://doi.org/10.20937/RICA.2019.35.01.03
https://doi.org/10.3390/agriculture10080333
https://doi.org/10.1080/09535314.2014.980224
http://www.centrotepoztlan.orgwww.foroconsultivo.org.mx
http://www.centrotepoztlan.orgwww.foroconsultivo.org.mx
https://doi.org/10.4995/ia.2019.10502
https://doi.org/10.1007/978-3-030-40686-8_9
https://doi.org/10.24850/j-tyca-2017-05-08
https://doi.org/10.22201/enesl.20078064e.2023.25.84976
https://doi.org/10.22201/enesl.20078064e.2023.25.84976


McCulligh, C., & Tetreault, D. (2017). Water management in Mexico from concrete-heavy persistence to community-based resistance. Water
Alternatives, 10(2), 341–369.

Mekonnen, M. M., & Hoekstra, A. Y. (2016). Sustainability: Four billion people facing severe water scarcity. Science Advances, 2(2), 1–7.
https://doi.org/10.1126/sciadv.1500323

Montesillo Cedillo, J. L. (2017). México entre la carencia y abundancia del agua. Revista Digital Universitaria, 18(2), 1–13.
Ochoa-García, H., & Rist, S. (2018). Water justice and integrated water resources management: Constitutionality processes favoring sustain-

able water governance in Mexico. Human Ecology, 46(1), 51–64. https://doi.org/10.1007/s10745-017-9958-6
Pinilla-Rodriguez, D. E., & Torres-Sanchez, Y. A. (2019). Public social expenditure, access to drinking water and sanitation for rural

populations in Latin. America, 50(196), 55–81.
PNUD. (2006). M�as all�a de la escasez: Poder, Pobreza y crisis mundial del agua. In Informe sobre Desarrollo Humano 2006. United Nations

Development Programme. http://hdr.undp.org/sites/default/files/hdr_2006_es_completo.pdf
P�orcel, R. A. D., & Pérez, G. C. C. (2017). Integrated water resources management and the Mexican prospects. Environmental Earth Sciences,

76(11), 1–12. https://doi.org/10.1007/s12665-017-6633-6
Quinteiro, P., Ridoutt, B. G., Arroja, L., & Dias, A. C. (2018). Identification of methodological challenges remaining in the assessment of a

water scarcity footprint: A review. International Journal of Life Cycle Assessment, 23(1), 164–180. https://doi.org/10.1007/s11367-017-
1304-0

Ramos-escobedo, M. G., Pérez Fuentes, A., & RuizC�ordova, S. (2019). Monitoreo Comunitario de Agua con Enfoque de Cuenca: Experiencias
en actividades productivas y de conservaci�on. Memorias En Extenso, 2, December.

Raynal-Villasenor, J. A. (2020). Water resources of Mexico. In J. A. Raynal-Villasenor (Ed.), World water resources (Vol. 6 (Vol. 5, Issue 1)).
Springer. https://doi.org/10.1007/978-3-030-40686-8

REPDA. (2020). Public Registry of Water Rights Base de Datos del Registro Público de Derechos de Agua (REPDA). Available online:
https://app.conagua.gob.mx/consultarepda.aspx

Reis, N. (2017). Finance capital and the water crisis: Insights from Mexico. Globalizations, 14(6), 976–990. https://doi.org/10.1080/14747731.
2017.1315118

Rijsberman, F. R. (2006). Water scarcity: Factor fiction? Agricultural Water Management, 80(1–3), 5–22. https://doi.org/10.1016/J.AGWAT.
2005.07.001

Rolland, L., & Vega C�ardenas, Y. (2010). La gesti�on del agua en México. Polis, 6, 155–188. http://www.scielo.org.mx/scielo.php?script=sci_
arttext&pid=S1870-23332008000200002

Rosa, L., Chiarelli, D. D., Rulli, M. C., Dell'Angelo, J., & D'Odorico, P. (2020). Global agricultural economic water scarcity. Science Advances,
6(18), 1–11. https://doi.org/10.1126/sciadv.aaz6031

Sadoff, C. W., Borgomeo, E., & Uhlenbrook, S. (2020). Rethinking water for SDG 6. Nature Sustainability, 3(5), 346–347. https://doi.org/10.
1038/s41893-020-0530-9

Sahin, S. (2012). An aridity index defined by precipitation and specific humidity. Journal of Hydrology, 444–445, 199–208. https://doi.org/10.
1016/j.jhydrol.2012.04.019

Sanchez Cohen, I., Inzunza Ibarra, M., Esquivel Arriaga, G., Cerano Paredes, J., Velasquez Valle, M., Bueno Hurtado, P., & Ojeda
Bustamante, W. (2018). The impact of climatic patterns on runoff and irrigation water allocation in an arid watershed of northern
Mexico. Meteorology Hydrology and Water Management, 6(2), 1–8. https://doi.org/10.26491/mhwm/90843

Sandoval-Moreno, A., & Günther, M. G. (2013). La gesti�on comunitaria del agua en México y Ecuador: otros acercamientos a la sus-
tentabilidad. Ra Ximhai Revista de Sociedad, Cultura y Desarrollo Sustentable, 9(Universidad Aut�onoma Indígena de México), 165–180.
https://doi.org/10.35197/rx.09.02.e.2013.12.as

Schneider, H. (2017). El agua como factor de desarrollo local. Revista Derecho Administrativo Econ�omico, XI(8), 123–131. https://doi.org/10.
7764/redae.8.9

Serebrisky, T., Watkins, G., Ramírez, M. C., Meller, H., Carvalho Fernandes de Oliveira, J., & Georgoulias, A. (2018). Assessing the institu-
tional capacity of Latin American countries for sustainable infrastructure planning and delivery. May. https://publications.iadb.org/
handle/11319/8927

Silva Rivera, E., Vergara Tenorio, María del Carmen Rodríguez-Luna, E., & (coordinadores). (2012). Casos exitosos en la construcci�on de
sociedades sustentables. Universidad Veracruzana. https://doi.org/10.25009/uv.2011.132

Silva Rodríguez de San Miguel, J. A. (2018). Gender and water management in Mexico. Management of Environmental Quality: An Interna-
tional Journal, 29(5), 842–858. https://doi.org/10.1108/MEQ-10-2017-0112

Snyder, H. (2019). Literature review as a research methodology: An overview and guidelines. Journal of Business Research, 104(July), 333–
339. https://doi.org/10.1016/j.jbusres.2019.07.039

Soares, D. (2021). The water in Mexico rural zones. Challenges of the 2030 agenda. Revista de Ciencias Sociales y Humanidades, 8(17), 191–
211. https://doi.org/10.31644/ED.V8.N2.2021.A09

Staddon, C., & Scott, C. A. (2018). Putting water security to work: Addressing global challenges. Water International, 43(8), 1017–1025.
https://doi.org/10.1080/02508060.2018.1550353

Stoler, J., Wendy, J., & Wutich, A. (2020). Beyond handwashing: Water insecurity undermines COVID-19 response in developing areas. Jour-
nal of Global Health, 10(1), 19–22. https://doi.org/10.7189/jogh.10.010355

Sullivan, C., Meigh, J., & Lawrence, P. (2006). Application of the Water Poverty Index at different scales: A cautionary tale. Water Interna-
tional, 31(3), 412–426. https://doi.org/10.1080/02508060608691942

PACHECO-TREVIÑO and MANZANO-CAMARILLO 17 of 18

 20491948, 2024, 4, D
ow

nloaded from
 https://w

ires.onlinelibrary.w
iley.com

/doi/10.1002/w
at2.1721 by C

ochrane M
exico, W

iley O
nline L

ibrary on [11/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1126/sciadv.1500323
https://doi.org/10.1007/s10745-017-9958-6
http://hdr.undp.org/sites/default/files/hdr_2006_es_completo.pdf
https://doi.org/10.1007/s12665-017-6633-6
https://doi.org/10.1007/s11367-017-1304-0
https://doi.org/10.1007/s11367-017-1304-0
https://doi.org/10.1007/978-3-030-40686-8
https://app.conagua.gob.mx/consultarepda.aspx
https://doi.org/10.1080/14747731.2017.1315118
https://doi.org/10.1080/14747731.2017.1315118
https://doi.org/10.1016/J.AGWAT.2005.07.001
https://doi.org/10.1016/J.AGWAT.2005.07.001
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S1870-23332008000200002
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S1870-23332008000200002
https://doi.org/10.1126/sciadv.aaz6031
https://doi.org/10.1038/s41893-020-0530-9
https://doi.org/10.1038/s41893-020-0530-9
https://doi.org/10.1016/j.jhydrol.2012.04.019
https://doi.org/10.1016/j.jhydrol.2012.04.019
https://doi.org/10.26491/mhwm/90843
https://doi.org/10.35197/rx.09.02.e.2013.12.as
https://doi.org/10.7764/redae.8.9
https://doi.org/10.7764/redae.8.9
https://publications.iadb.org/handle/11319/8927
https://publications.iadb.org/handle/11319/8927
https://doi.org/10.25009/uv.2011.132
https://doi.org/10.1108/MEQ-10-2017-0112
https://doi.org/10.1016/j.jbusres.2019.07.039
https://doi.org/10.31644/ED.V8.N2.2021.A09
https://doi.org/10.1080/02508060.2018.1550353
https://doi.org/10.7189/jogh.10.010355
https://doi.org/10.1080/02508060608691942


Torres Alonso, E. (2020). El estudio del agua en México. Nuevas perspectivas te�orico-metodol�ogicas. Agua y Territorio (Issue 15). https://doi.
org/10.17561/at.15.5042

UHCHR, & WHO. (2010). The right to water (Fact Sheet No. 35) (p. 56). Office of the United Nations High Commissioner for Human Rights,
World Health Organization.

UN. (2018). Sustainable development goal 6 synthesis report 2018 on water and sanitation. United Nations.
UNEP United Nations Environment Programme. (1992). Earth Summit: Agenda 21: The United Nations Programme of Action from Rio UN.

Department of Public Information, United Nations.
United Nations. (2015). The millennium development goals report (p. 72). United Nations. doi:978-92-1-101320-7. https://www.un.org/

millenniumgoals/2015_MDG_Report/pdf/MDG%202015%20rev%20(July%201).pdf
UN-Water. (2019). Climate change and water UN—Water policy brief (p. 28). The UN-Water Expert Group on Water and Climate Change

UN-Water Policy Brief. https://www.unwater.org/publications/un-water-policy-brief-on-climate-change-and-water/
Vanham, D., Hoekstra, A. Y., Wada, Y., Bouraoui, F., de Roo, A., Mekonnen, M. M., van de Bund, W. J., Batelaan, O., Pavelic, P.,

Bastiaanssen, W. G. M., Kummu, M., Rockström, J., Liu, J., Bisselink, B., Ronco, P., Pistocchi, A., & Bidoglio, G. (2018). Physical water
scarcity metrics for monitoring progress towards SDG target 6.4: An evaluation of indicator 6.4.2 “level of water stress”. Science of the
Total Environment, 613–614(September 2017), 218–232. https://doi.org/10.1016/j.scitotenv.2017.09.056

Velasco-Muñoz, J. F., Aznar-S�anchez, J. A., Batlles-delaFuente, A., & Fidelibus, M. D. (2019). Rainwater harvesting for agricultural irriga-
tion: An analysis of global research. Water (Switzerland), 11(7), 1–18. https://doi.org/10.3390/w11071320

Villada-Canela, M., Martínez-Segura, N., Daesslé, L. W., & Mendoza-Espinosa, L. (2019). Fundamentals, obstacles and challenges of public
participation in water management in Mexico. Tecnologia y Ciencias del Agua (Vol. 10, Issue 3). https://doi.org/10.24850/j-tyca-2019-
03-02

Villarreal, F. G. (2020). Crisis hídrica y cambio clim�atico. In Panorama y Perspectivas Del Agua En México, 2019–2024 (Vol. 62, pp. 119–126).
Instituto Belisario Dominguez - Senado de la República. http://bibliodigitalibd.senado.gob.mx/bitstream/handle/123456789/4803/CI_62.
pdf?sequence=1&isAllowed=y

Wendling, L. A., & Holt, E. E. (2020). Integrating engineered and nature‐based solutions for urban stormwater management. Women in
Water Quality: Investigations by Prominent Female Engineers, 23–46.

WHO. (2017). Progress on Drinking Water, Sanitation and Hygiene: 2017 Update and SDG Baselines. Geneva, Switzerland; United Nations.
White, C. (2014). Understanding water scarcity: Definitions and measurements. Global water: Issues and insights, 161.
Wilder, M. O., Austria, P. F. M., Romero, P. H., & Ayala, M. B. C. (2020). The human right to water in Mexico: Challenges and opportunities.

Water Alternatives, 13(1), 28–48.
Wurtz, M., Angeliaume, A., Herrera, M. T. A., Blot, F., Paegelow, M., & Reyes, V. M. (2019). A spatial application of the water poverty index

(WPI) in the state of Chihuahua, Mexico. Water Policy, 21(1), 147–161. https://doi.org/10.2166/wp.2018.152

How to cite this article: Pacheco-Treviño, S., & Manzano-Camarillo, M. G. F. (2024). Review of water scarcity
assessments: Highlights of Mexico's water situation. WIREs Water, 11(4), e1721. https://doi.org/10.1002/
wat2.1721

18 of 18 PACHECO-TREVIÑO and MANZANO-CAMARILLO

 20491948, 2024, 4, D
ow

nloaded from
 https://w

ires.onlinelibrary.w
iley.com

/doi/10.1002/w
at2.1721 by C

ochrane M
exico, W

iley O
nline L

ibrary on [11/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.17561/at.15.5042
https://doi.org/10.17561/at.15.5042
https://www.un.org/millenniumgoals/2015_MDG_Report/pdf/MDG%202015%20rev%20(July%201).pdf
https://www.un.org/millenniumgoals/2015_MDG_Report/pdf/MDG%202015%20rev%20(July%201).pdf
https://www.unwater.org/publications/un-water-policy-brief-on-climate-change-and-water/
https://doi.org/10.1016/j.scitotenv.2017.09.056
https://doi.org/10.3390/w11071320
https://doi.org/10.24850/j-tyca-2019-03-02
https://doi.org/10.24850/j-tyca-2019-03-02
http://bibliodigitalibd.senado.gob.mx/bitstream/handle/123456789/4803/CI_62.pdf?sequence=1&isAllowed=y
http://bibliodigitalibd.senado.gob.mx/bitstream/handle/123456789/4803/CI_62.pdf?sequence=1&isAllowed=y
https://doi.org/10.2166/wp.2018.152
https://doi.org/10.1002/wat2.1721
https://doi.org/10.1002/wat2.1721

	Review of water scarcity assessments: Highlights of Mexico's water situation
	1  INTRODUCTION
	2  METHODS
	3  RESULTS AND DISCUSSION
	3.1  Water situation in Mexico
	3.1.1  Water resources
	3.1.2  Access to water and sanitation
	3.1.3  Framework for water regulation

	3.2  Water security assessments
	3.3  Water scarcity assessments
	3.3.1  Physical water scarcity
	3.3.2  Socioeconomic water scarcity assessments

	3.4  Water crisis correlation with poverty

	4  CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	  CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	RELATED WIREs ARTICLE
	FURTHER READING
	REFERENCES


