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Abstract. Mexico is considered a regional economic and political powerhouse because of the size of its econ-

omy, and a large population in constant growth. However, this same growth accompanied by management and
governance failures are causing several water crises across the country. The paper aims at identifying and analyzing the drivers of water crises. Water authorities seem to focus solely on large infrastructural schemes to
counter the looming water crises, but fail to structure a set of policies for the improvement of management and
governance institutions. The paper concludes with the implications of a business-as-usual policy based on infrastructure for solving water problems, which include a non-compliance to the human right to water and sanitation,
ecosystem collapses and water conflicts.

1

Introduction

Mexico is a rich and diverse country with a multitude of
ecosystems, ranging from water-rich jungles to dry deserts.
The country’s economy is among the top ten in the world,
and second in Latin America. Socio-economic dynamics
and water distribution are interlinked, and vary across the
country, with a mainly agricultural south, with as much as
11 768 m3 cap−1 yr−1 of water availability, producing 20 %
of the GDP and with a 23 % of the population, and a heavily industrialized center and north with a low water availability of 1650 m3 cap−1 yr−1 and 80 % of GDP and 77 %
of the population (Conagua-Semarnat, 2016). Regardless of
the south having high water availability, still close to 20 %
of the population lack water supply and sanitation, while the
semi-arid north almost achieves 100 % coverage (Gobierno
de Mexico, 2014). After a 2014 reform to the constitution
granting the human right to water and sanitation, the State
must guarantee water supply and sanitation to all the population through the local government. To comply with this human right is a daunting task without putting more pressure to
water resources, as the current population surpasses 119 million people (INEGI, 2015), which by 2050 is expected to
grow to 150 million (Conapo, 2017b). Another pressure on
water resources comes with another commitment from the
State, which is to reduce poverty, as currently 55 million

Mexicans are being considered poor (Coneval, 2017). Recently, the Mexican Government has focused on structural
reforms to improve economic growth – along with its concomitant water use, as the only way to put people out of
poverty (Gobierno de Mexico, 2017).
These socio-economic tendencies along with the geographical distribution of water has severely strained the water resources in general, and unevenly affected the population. Mexico is approaching several water crises that are
recognized by some government institutions, by civil society and scholars (COMDA et al., 2017; Conagua-Semarnat,
2014; Peña-Ramirez, 2012). The most serious four are (1) the
growing gap between a sustainable supply and the unrelenting demand, (2) the growing pollution of aquatic ecosystems, (3) urban/rural water access crises and (4) vulnerability under climate change, as described in more detail in
Table 1. In order to face these challenges, Conagua (National Water Commission) has embarked on the development
of large infrastructural projects like dams, interbasin water transfers and water treatment plants under public-private
partnerships. However, following Madani (2014) on the underlying causes of water crisis, water agencies tend to focus
only on a “symptom-based management paradigm”, rather
than addressing the drivers of water crises, defined as the
root of the water problems characterized by its dynamism
and pervasiveness embedded in the social system. Conagua
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is the central authority that administers water in Mexico including infrastructure development, quality and quantity water monitoring, water distribution, and issuing of water rights.
There are also river basin councils across the country, but
Conagua’s weight in decision-making still is overwhelming.
The main purpose of this paper is to analyze the water
crises in Mexico and its concomitant drivers. The paper is
based on an extensive literature review on the dynamics of
water problems Mexico has faced over the past decade. First,
official data and documents from Conagua and other government agencies related to water were analyzed to picture
a narrative paired with data. Second, an analysis was undertaken on critical scientific articles and books that analyze indepth the socio-political context to the water problems first
described. This exercise was subsequently enriched and extended with field work during the first half of 2017 when interviews with water agencies officials and stakeholders were
held. The outcome of the analysis of these three sets of data
and narratives is the synthesis presented in Table 1.
The structure of the article is as follows: the corpus of the
paper analyses each of the four water crises mentioned and
their drivers, and then the socio-environmental implications
that these crises may carry are discussed, then the paper ends
with the concluding remarks.
1.1

Growing gap between water supply and demand

The current gap in the national water balance mounts to
11 500 hm3 yr−1 , as the sustainable water supply (water use
that does not compromise ecological flows nor comes from
overexploited aquifers) is estimated to be 66 900 hm3 yr−1
and the water use of all water users is estimated to be
78 400 hm3 yr−1 (36 % of it being underground water); this
gap is only destined to widened in the future, with an
expected doubling to 23 000 hm3 yr−1 (Conagua-Semarnat,
2014). All uses are expected to grow: agriculture, public and
industrial. Currently, Mexico has 6 rivers among the world’s
most depleted freshwater sources, causing high competition
between users and depletion of ecological flow (Richter,
2014), the number 7 in the world for most water extracted
(Conagua-Semarnat, 2016), and is among the top countries of groundwater consumption that exceeds its recharge
(World Economic Forum, 2011), Mexico being the largest
groundwater user in Latin America (Scott and Banister,
2008), with 23 % of its aquifers presenting over-exploitation
or saline intrusion (Conagua-Semarnat, 2016). The general
trend is that water availability per capita will decrease in
time as population increases. Water availability in Mexico
will drop from more than 5000 m3 cap−1 in 1990, to less than
3,000 m3 cap−1 by 2050, whilst Mexico City currently only
has a per capita annual water availability of 150 m3 .
Economic growth is promoted regardless of water availability in the region. Decision-making on water allocation
rights is still dominated by big players in river basin councils as underground water rights are granted to large food and
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mining corporations in water scarce regions (COMDA, 2017;
Stoltenborg and Boelens, 2016), who use their economic influence to get additional water rights despite drilling bans in
place by Conagua, as found during fieldwork in early 2017.
Reis (2014) documented how the water authority allowed the
existence of the black market in the Valley of Mexico basin,
where powerful stakeholders could buy out thousands of cubic meters from impoverished farmers. Although the drilling
bans is set in order to recharge over-exploited aquifers, the
black market inhibits the sustainable use of them.
Public participation in river basin councils still has no influence on decision-making due to co-opted participation of
its sectors’ representatives, which represent political interests
rather than their constituents’ (Mollard et al, 2010). This tilts
the debate towards a focus on pre-existing economic interests, and jeopardizes the sustainability of water management.
Some attempts have been made to integrate a self-regulation
institution aimed at metering underground water extraction
and enforcing water use according to water rights to tackle
aquifer over-exploitation in closed basins, but it has failed
due to political struggles and low user participation (Wester
et al., 2009).
Agriculture, the largest water consumer in Mexico, has a
great potential to free-up water that can be re-allocated, as
at least 14 % of the water allocated to irrigation are water
losses that can be avoided. By far the largest part of these
avoidable losses occur in the semi-arid north, where a considerable amount of that water evaporates, and thus are considered consumptive losses; avoiding these would really imply net water savings. Despite this situation, the budget to
modernize agriculture is smaller than the construction of a
single water supply dam (Gobierno de Mexico, 2014).
1.2

Pollution of aquatic ecosystems

Although each year new water treatment plants are built in
the country, still almost 70 % of all industrial and 50 % of
municipal wastewater and its raw sewage goes untreated into
surface bodies of water and the sea (Conagua, 2015). With
such numbers it can be assumed that water quality has deteriorated over time; however water quality monitoring has been
compromised due to a change in the norms and standards
by Conagua in 2002. Therefore there are substantial differences in how water quality performance is recorded, which
makes it difficult to assess whether water quality of most water bodies in Mexico has improved or deteriorated over time
(Aboites et al., 2008; Hansen and Juárez-Corzo, 2011). This
notwithstanding, it is estimated that 20 % of aquifers and
over 30 % of surface water are polluted (Conagua-Semarnat,
2016). Currently, there are only three official parameters for
monitoring pollution: chemical oxygen demand, biological
oxygen demand and total suspended solids. Despite signing
the Stockholm convention on Toxic, Persistent and Bioaccumulable Substances (TPBS), Conagua has not monitored
TPBS in river basins (Hansen and Juárez-Corzo, 2011).
proc-iahs.net/376/57/2018/
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Table 1. Drivers of water crises in Mexico.

Drivers

Growing gap between sustainable
water supply and demand

Pollution of aquatic ecosystems

Urban/rural water crisis

Vulnerability under stochastic meteorological
events – droughts and floods

Population and economic growth

Outdated pollutants regulations

Inefficient agriculture
and operation of built infrastructure
Flawed monitoring metering,
and law enforcement

Lack of infrastructure and deficient maintenance
to leakages and bad water quality
Lack of monitoring and law enforcement –
self-regulated industries

Underfunded water utilities, prone
to pork-barrel politics
Old distribution system, prone

Flawed metering, monitoring and
legal enforcement of water use
Chaotic urbanization

Unsustainable and/or conflictive
water sources

Over-reliance in large infrastructure
for water supply

According to Mexican Law, local governments oversee
operation and management of water treatment plants, but operation costs are high, and financial and technical capacity to
cover those costs is mostly absent. This situation causes water treatment plants to deteriorate and many fall rapidly into
obsolescence (Ramón-Lahera, 2010). This explains why out
of a total of 210 m3 s−1 of waste water produced in the country, only 99.8 m3 s−1 are treated, despite installed infrastructure with the potential for 140.1 m3 s−1 if adequately maintained (Gobierno de Mexico, 2014). Even though this model
of water treatment is obviously flawed, the main funding for
new water treatment plants is allocated exclusively for capital intensive water treatment plants, instead of more passive
treatment plants like constructed wetlands or hybrid systems
that do not require an overwhelming technical and financial
capacity for rural areas or small cities.
The urban model prevalent in Mexican cities makes water treatment complex, as industrial and residential zones are
often mixed, thwarting the function of the water treatment
plants that are designed either for municipal or industrial
wastewater (Ramón-Lahera, 2010). Therefore, most wastewater considered as having been treated does not comply with
the standards of receiving water bodies.
Monitoring point source pollution has become a daunting
task as resources allocated are far from sufficient. For example, only as few as 214 inspectors are in charge of monitoring close to 475 000 water users that discharge polluted
water. With this level of inspection it would take 61 years to
check all water users (McCulligh, 2017). To solve this problem, there is a self-regulation policy, without any guarantee
of industries reporting real data, and in the case of proven
misconduct, industries can easily evade a fine by issuing a
complaint on the procedure, which Conagua often accepts,
dropping the charges (Ibíd.). Water quality is increasingly
becoming an issue dominated by conflict, as most Mexican
rivers are polluted, especially by unregulated industries. This
situation has evolved into an issue of public health, as many
riparian communities near heavily polluted rivers present a
surge of skin diseases, kidney failure, and many kinds of cancer (Lezama, 2016).
1.3

Urban/rural water crisis

According to official data, Mexico has achieved a water supply coverage of 92 % of the population. However, this data
proc-iahs.net/376/57/2018/

should be questioned, as it mainly counts infrastructure, not
real access to a continuous flow of good quality water, as
suggested by COMDA et al. (2017). Water scarcity in major cities is becoming a usual phenomenon (Peña-Ramirez,
2012). Some peri-urban areas in major cities get their water
supply through water tank pipes, despite having water connection to a centralized water storage system, as the faucet
is dry due to water rationing (Gómez-Valdez and PalermViqueira, 2015). Such situation affects mainly the poorest at
the bottom quintile (COMDA et al., 2017). Poor water access can be so critical that it can become a flagship promise
for some politicians to get elected. Conditional water supply in exchange for votes has been a documented issue for a
number of decades, especially in Mexico city (Castro, 2006;
Quintero, 2004). This pork-barrel politics goes contrary to an
ideal public participation in the management of water supply
and sanitation services (WSS), which could explain the delay in the universal cover of WSS (Torregrosa-Armentia and
Jimenez-Cisneros, 2009). Additionally, water utilities across
the country have a high level of non-revenue water-ranging
from 30 to even 50 % (SEMARNAT, 2009) and low price
per cubic meter, which inhibits cost recovery for the water
utilities that cannot invest in construction of new infrastructure and maintenance of the distribution network, an argument often used for warranting privatization, despite international evidence on the contrary (Schouten and Schwartz,
2006). Water prices remain politically contentious as politicians do not want to implement unpopular policies, such as
an increment in the price of water, therefore water utilities
remain helplessly dependent on subsidies to keep operating.
In the year 2017 a cutback was announced of around 70 % to
these subsidies, a situation that water advisors to the federal
congress deem as potentially critical for water utilities across
the country (García, 2016), which may start dropping the already subpar quality of WSS. Water utilities cannot guarantee the quality of tap water for human consumption in many
cities of the country, triggering one of the most profitable bottled water markets in the world (Pacheco-Vega, 2015), with
grim consequences for those 55 million poor, who spend a
high percentage of their income on water, ranging from 5 to
15 % (Greene, 2017).
Aquifers are the main water source for large cities, providing up to 70 % of total water supply. This has led to a serious
problem of land subsidence. Mexico City, for example, draws
water from approximately 600 wells (59 m3 s−1 ), and land
Proc. IAHS, 376, 57–62, 2018
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level is dropping at a rate of 12 to 22 cm yr−1 (Kimmelman,
2017). Mexico City only has 150 m3 per capita per year of
water availability, already counting several interbasin water
transfer schemes. The Cutzamala scheme, one of the largest
interbasin transfers in the world and usually praised for its
engineering, is also the reason for an on-going water conflict with local indigenous people in the donor basin with severe water scarcity due to the water transfer (Gómez-Fuentes,
2014; Watts, 2015). Despite water conflicts, Conagua is already looking for new sources of water for another water
transfer, as Mexico City is still running on deficit.
The tendency of Mexican cities is to keep growing while
the countryside stagnates or even loses its population due to
migration to cities. At the same time, rural needs have remained a point of contention for the lack of investment in
infrastructure, which the urban areas quadruples that of rural areas (Conagua-Semarnat, 2015). This disparity in terms
of investment in water infrastructure and other services,
in which 3 out of 4 localities are considered marginalized
(Conapo, 2017a), has led to an intense migration from rural
to urban areas of people looking for a better living standards
and opportunities.
1.4

Vulnerability under stochastic meteorological events
– droughts and floods

In a climate change scenario provided by IPCC a reduction
of 15.2 % rain is expected by 2030 and an increased pressure
on water resources in the northern part of the country, while
in the south more precipitation is expected and more floods
(Martínez-Austria and Patiño-Gómez, 2012).
Mexico is prone to droughts, the most recent one of 2011–
2012 being the worst in 70 years, with an agricultural economic loss of USD 1.3 billion, and an overall loss of 10 %
of the GDP (Ortega-Gaucin et al., 2016). The country has
shifted from a crisis management approach to a risk management one (Korenfeld-Felderman et al., 2014), through the
National Drought Program (PRONACOSE for its Spanish
acronym). The program is intended to lay out a set of preventive and mitigation actions to enhance the socio-ecological
resilience should droughts strike. However, the measures
planned to undertake in cases of drought, although a general improvement from the previous approach, whose sole
measure was the access to a disaster fund and some relief
measures, still is largely based on the status quo that elicits
the other drivers of water crises.
Mexico City, Guadalajara, Monterrey and Leon, the largest
cities in Mexico, present a recurrent problem on floods and
water scarcity (Delgado-Ramos, 2015; Peña-Ramirez, 2012).
These cities have undertaken simultaneously expensive infrastructural works at controlling urban floods and interbasin
water transfers (Gobierno de Mexico, 2014). This situation
can be explained by chaotic urbanization and land use, land
speculation, and the loss of natural capital. However, instead
of tackling these underlying causes, these cities persistently
Proc. IAHS, 376, 57–62, 2018

aim at solving these recurrent problems by developing large
infrastructure and moving the water transfer frontier continuously further. This solution lacks flexibility and resilience to
extreme meteorological events (Delgado-Ramos, 2015), and
leaves the cities vulnerable to extremes such as droughts and
floods, which especially affects the poor in peri-urban areas
(von Bertrab and Wester, 2005).
2

Discussion

The combination of the four water crises described have at
least three implications: the non-compliance with the human
right on water and sanitation, ecosystems collapse and water conflicts. As the water stock is finite and diminishing
faster than it is being replenished, and the population and
the economy keeps growing, the gap between water supply
and demand will continue to widen further. As cities most
likely will keep accommodating the population and economic growth, they will be more dependent on water transfers and other large infrastructures to keep up with the demand for WSS, but always lagging behind the real demand.
With scarce financial resources, water utilities in urban and
rural settings will never reach a 100 % coverage in WSS, a
situation that is advantageous for political careerism who address the water deficit partially and temporally in times of
elections. Competition for water resources will become ever
more acute as the agriculture, the largest water user, does not
have the resources to modernize its infrastructure to diminish
its wasteful use of water, and the higher returns for industry
and public use shall translate in more pressure to reallocate
water. Therefore, combined with a flawed water treatment
system, the biggest loser will be the ecosystems and people
dependent on them. Finally, the chaotic urbanization and the
rising pressure in water resources and extreme meteorological events may increase the vulnerability of urban residents
to floods and droughts, causing even more water conflicts.
3

Conclusions

This study shows that there are two kinds of drivers of water crises in Mexico: population and economic growth and
water management and governance failures. Serious consideration and investment is only put into the first kind of water drivers through supply augmentation through large infrastructural schemes like dams, water transfers and water treatment plants. Although they may be deemed necessary for
WWS, they also need to be complemented by institutional
improvements that can anticipate and address water crises at
a more fundamental level. Some policies that can improve
this second kind of driver include the following:
– water utilities’ independence from local and regional
politics and funding,
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– public participation in decision-making processes for
water distribution agreements, in the design and scale of
infrastructure, and in setting compensations for affected
populations,
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