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Urban water security: a comparative 
study of cities in the arid Americas
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tERan, FaCUnDO MaRtín, MaRta BERnaBEU, PhIlIP 
stOkER anD ChRIstOPhER sCOtt

AbstrAct In this study we analyse how three cities in the arid Americas have 
addressed urban growth while facing water scarcity: Hermosillo, Mexico; Mendoza, 
Argentina; and Tucson, USA. We use the urban water security framework to examine 
five domains of water management: sociodemographic, economic, technological, 
ecological and governance (SETEG). Our analysis indicates that, in spite of water 
scarcity, urban growth has been promoted in the three cities. We argue that this 
expansion, although encouraged for economic development, is not sustainable in 
the long term. In the three cities, groundwater plays a major role in water supply, 
but growth has negatively affected riparian ecosystems, the health of the aquifers 
and access to domestic water. In order to pursue water security, several options are 
essential to enhance social–ecological system resilience. These include limits or 
reduction of urban expansion, reuse of treated effluent for riparian conservation, 
and community conservation efforts such as rainwater harvesting and other green 
infrastructure.

Keywords Argentina / cities / Mexico / urban growth / urban water security / 
USA / water management

I. IntrodUctIon

Urbanization is one of four global demographic megatrends (along 
with population growth, migration and ageing), and urban centres are 
projected to absorb nearly all future population growth.(1) The Americas 
are the most urbanized region in the world: 82 per cent of North 
America’s population lives in urban centres, and 81 per cent in Latin 
America and the Caribbean.(2) Sustainable development depends on: (1) 
the way urban centres grow; (2) maintenance of the linkages between 
rural and urban areas; and (3) the protection of the environment from the 
impacts of urbanization.(3) Ensuring sustainable cities and communities 
is a Sustainable Development Goal (SDG 11), which aims specifically 
to achieve safe, resilient and inclusive cities.(4) Closely related is SDG 
6, focused on provision of clean water and sanitation for all by 2030. 
Although there has been significant progress in potable water supply 
and sanitation services, Latin America’s urban residents do not always 
receive good-quality drinking water. There are also still serious problems 
associated with improved sanitation coverage in many cities.(5)
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There are other common problems with managing urban water 
supplies in the Americas: 1) a general increase in groundwater and surface 
water pollution; 2) a lack of adequate monitoring of water quality; and 
3) reduced recharge of urban aquifers due to the reduction of green 
cover and the expansion of impermeable infrastructure associated with 
urbanization.(6)

These problems are exacerbated by changes in local climatic 
conditions. According to Vammen,(7) many countries throughout the 
Americas have reported droughts that have caused serious crises in 
drinking water supplies, forcing authorities to ration water for irrigation 
and prioritize human consumption.

With all the challenges that growing cities face, it becomes even more 
important to analyse how they are addressing water security challenges. 
The purpose of this study is to examine water security in three cities in 
the arid Americas (Hermosillo, Mexico; Mendoza, Argentina; and Tucson, 
USA), and to extract lessons that can be transferred to other cities facing 
similar challenges. We organize this paper as follows. First, we introduce 
the framework for analysis. Then we describe the urban water security 
framework on which we base this work (Section IIa) and the geographic 
characteristics of the three case studies (IIb). In the Methods section 
(III), we outline the data sources and analyses for each of the five SETEG 
domains. In the Findings section (IV), we analyse the cases according to 
the framework. Finally, in the Conclusions section (V), we synthesise the 
lessons learned.

II. bAcKGroUnd

a. Urban water security framework

Scientists who study arid lands point to the need to consider these as 
coupled social–ecological systems.(8) Recognizing the importance of these 
joint aspects, Scott and colleagues(9) define water security as “the sustainable 
availability of adequate quantities and qualities of water for resilient societies 
and ecosystems in the face of uncertain global change”.

Relatively few academics and professionals have focused however on 
urban water security (UWS) at the city scale.(10) Paton and colleagues(11) 
studied an integrated framework for assessing water supply security in 
Adelaide, Australia. This included non-traditional water supply sources 
(desalination, wastewater reuse and rainwater harvesting). Using a 
simulation model for designing and testing layouts of water systems, 
they conclude that these technologies would be appropriate for mid-
term and longer-term strategies. Huang and colleagues(12) examined a 
two-level assessment method that considers material and psychological 
security indicators related to residents in Dalian, China. This indicated 
that Dalian’s water safety level in 2010–2012 was at the “basically secure” 
level.

These two studies exemplify some of the approaches to UWS; they 
include water supply options, spatial analysis, social perception, and so 
on. Other complimentary, approaches to household water insecurity and 
human–water sustainability, are described by Jepson and colleagues(13) 
and Sivapalan and colleagues.(14) Offering an approach to UWS that 
expands on the above-mentioned studies, Romero-Lankao and Gnatz 
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propose a framework that, following Scott and colleagues,(15) defines UWS 
“as the capacity of urban water actors to maintain a sustainable availability of 
adequate quantities and quality of water, to foster resilient urban communities 
and ecosystems in the face of uncertain global change”.(16) Their framework 
includes five domains: sociodemographic, economic, technological, 
ecological and governance (SETEG), which are described as follows:

•• Sociodemographic: Fairly satisfying urban–regional water users and 
sanitation needs and building resilient communities and ecosystems 
that can sustainably adapt to change.

•• Economic: Fostering vibrant urban–regional economies in industry, 
agriculture and energy.

•• Technological: Designing and constructing (or upgrading existing) 
water supply and sanitation infrastructure to be multifunctional, 
redundant, modular (adaptable) and “safe to fail”.

•• Ecological: Maintaining or restoring healthy regional water bodies and 
ecosystems.

•• Governance: Fostering water institutions that are able to balance their 
inherently conservative and reactive natures with the need to be 
adaptive, fair and flexible.

b. case studies

In this study, we compare three cities with similar conditions of aridity 
and size: Hermosillo, Mexico; Mendoza, Argentina; and Tucson, USA 
(Map 1).

Hermosillo, sonora, Mexico
With a total population of approximately 715,000 inhabitants in 2010, 
the city of Hermosillo is a vibrant urban centre that houses the political 
powers of the state of Sonora. The city is located in northwestern Mexico. 
Hermosillo receives its drinking water primarily from deep wells in just 
over a dozen catchment areas in the peri-urban area or within the city’s 
boundaries (about 70 per cent). Around 30 per cent is from surface water. 
Of this surface water, about two-thirds is from the Yaqui River basin via 
the Independencia Aqueduct, and one-third from the Water Treatment 
Plant III, which collect water from the Abelardo L Rodríguez (ALR) and El 
Molinito dams.(17)

Hermosillo depends on water mainly from the Sonora River basin, 
because the aquifers that supply the city and the ALR and El Molinito 
dams are recharged from the water captured in this basin. The climate is 
semi-arid, average annual precipitation of the basin is 376 millimetres, 
and the majority of rainfall occurs during the North American monsoon 
season from July to September.(18) As can be seen in Map 1, the Sonora 
River flows southwest, first towards the El Molinito dam, which has a 
storage capacity of 150 cubic hectometres, and then 23 kilometres towards 
ALR, which has a storage capacity of 219.5 cubic hectometres.(19)

For climate projections, experts indicate important differences 
between various global circulation models (GCMs) in the near and longer-
term futures. As a result, water managers in the region must recognize the 
level of uncertainty that exists about climate change relating to the Sonora 
River. Perhaps more importantly, some models predict that groundwater 
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storage will decrease from the present to the future, based on predicted 
trends in decreasing rainfall.(20)

Mendoza, Argentina
The Mendoza Metropolitan Area (MMA), composed of seven districts, 
is the fifth most populous city in Argentina (with approx. 1.1 million 
inhabitants). It is also an economic centre for the agroindustry and 
financial and industrial services in the western region of the country. The 
MMA is bounded on the west by Chile and the Andes Mountains, and 
extends east to arid plains furrowed by rivers fed by mountain glaciers. The 
water of the Cordillera rivers are utilized through dams (Potrerillos with 
450 cubic hectometres and Carrizal with 276 cubic hectometres), canals 
for irrigation, and water supply for the urban, industrial and more recently 
tourism sectors. The flow rates of both rivers and underground aquifers 
depend on the winter precipitation in the mountain range and extraction 

MAP 1
Locations of case studies in the arid Americas

SOURCE: Authors



U r b A n  w A t e r  s e c U r I t y

5

21. leiva et al. (1989); villalba 
et al. (2005); Masiokas et al. 
(2008).

22. Carlson et al. (2011).

23. CtWD (2004); Megdal and 
Forrest (2015).

24. garfin et al. (2014).

25. Romero-lankao and gnatz 
(2016).

rates from the aquifers. The regional climate is arid. Precipitation occurs 
in spring and summer, but the volumes received are insignificant for the 
development of rainfed agriculture (200 millimetres per year).

Although in these territories water deficits are structural, climate 
change scenarios suggest increasing aridity and an increase in the frequency 
and intensity of water conflicts. The increase in summer precipitation 
and the retreat of glaciers have a detrimental effect on the runoff of the 
rivers that originate in the mountains.(21) This would affect differently the 
irrigated and non-irrigated territories, the urban and the rural activities, 
the different productive systems and, finally, the various actors involved.

tucson, Arizona, UsA
Tucson is located in southern Arizona, in a valley surrounded by 
mountains. The City of Tucson’s population is 545,975 according to 
2018 US Census Bureau estimates, with 980,263 inhabitants in Tucson’s 
metropolitan area. The climate is semi-arid with 310 millimetres of annual 
precipitation distributed in two rainy seasons: the summer monsoons 
and the winter rains. There are two main water bodies, the ephemeral 
Santa Cruz River that drains from south to north and the Rillito Creek, a 
tributary draining from east to west.(22)

Because the rivers are generally dry, Tucson’s three water sources 
are groundwater, water from the Colorado River, and reclaimed water. 
Water from the Colorado River is brought by aqueducts from hundreds 
of miles away and allowed to infiltrate into groundwater. The mixture 
of infiltrated water and groundwater is the principal water source for 
urban residents. However, landowners have the additional option of 
harvesting rainwater or using their own greywater for non-potable uses 
(e.g. landscape irrigation).

Limited water resources remain the greatest challenge for the water utilities 
in this region,(23) particularly under drier climatic conditions. Garfin and 
colleagues,(24) in their Third National Climate Assessment for the Southwest, 
describe future climate scenarios that include increased temperature, drought, 
reduced agricultural yields, and declining water supplies.

III. MetHods

To better understand these similarities and differences, we analyse the 
three cases with respect to each of the SETEG domains proposed by 
Romero-Lankao and Gnatz.(25) The three cities show different governance 
approaches to water resources, a comparison of which allows us to 
compare and extract lessons that can be transferred to other cities. We 
base our analysis on the review of work by academic experts and water 
agencies to examine each of the five domains. We use 16–18 references for 
each case study, distributed by domain, as shown in Table 1.

IV. FIndInGs

a. sociodemographic

According to Romero-Lankao and Gnatz, the sociodemographic domain 
refers to the water and sanitation needs of urban users, and to meeting 
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these while “building resilient communities and ecosystems that can adapt 
to change”.(26) The three cities have grown rapidly in recent decades, and 
despite water scarcity, we found that the provision of potable piped water 
(or private wells in the Tucson case) to the urban population in the three 
cities is above 97 per cent.

In 1980, the total population of Hermosillo was approx. 298,000 and 
in 2010, 716,000, a 140 per cent increase in those 30 years. It is projected 
that by 2030, the population will be around 920,000. The coverage of the 
drinking water network was 97.3 per cent in 2016.(27)

In Mendoza, 65 per cent of the provincial population (approx. 1.1 
million inhabitants) reside in the MMA, which experienced a 50 per cent 
population increase between 1980 and 2010. An increase of 25 per cent 
is projected for 2030 at the provincial level. The percentage of drinking 
water coverage is 97 per cent.(28)

In terms of water quantity, Tucson is currently water secure. With a 
combination of three sources (surface water from the Colorado River via 
the Central Arizona Project, groundwater and effluent), 100 per cent of 

tAbLe 1
review of information by domain on each case study

Domain Topics Hermosillo Mendoza Tucson

Sociodemographic a) Population 
trends
b) Water 
coverage
c) Water quality

CEA, 2018; AguaH, 
2017b; Whitten et al., 
2014; Vásquez-Del 
Castillo et al., 2013

DEIE 2016; 
TECHO, 2016; 
Villalba et al., 
2005

Tillman et al., 2016; Garfin 
et al. 2014; PAG, n.d.; 
Zuniga-Teran & Staddon, 
2019

Technological a) Groundwater 
use
b) Surface water 
use

AguaH, 2017a; 
CONAGUA, 2013; 
Scott & Pineda, 2011; 
Del Castillo, 1994

DGI, 2016; 
INDEC, 2010; 
Torres et al., 
2003

Megdal & Forrest, 2015; 
Megdal et al., 2014; CTWD, 
2013; CTWD, 2004

Ecological a) Aquifers
b) Riparian 
ecosystems
c) Sewage

CEA, 2018; 
AguaH, 2017a; 
CONAGUA, 2015; 
Díaz-Caravantes 
et al., 2015; Díaz-
Caravantes & Wilder, 
2014; SEMARNAT, 
2001

UNICIPIO, 2018; 
Jobbágy et al., 
2011; Fasciolo & 
Barbosa, 2010; 
Masiokas et al., 
2008; Villalba 
et al., 2005; Llop 
& Alvarez, 2002; 
Leiva et al., 1989

Pima County, 2017; Megdal 
& Forrest, 2015; Kim et al., 
2015; Thomure & Kmiec, 
2015; Scott et al., 2012; 
ADWS, 2010; PAG, 2006; 
CTWD, 2004; Livingston 
et al., 2003; Al-Sabbry 
et al., 2002; Zuniga-Teran & 
Staddon, 2019

Economic a) Competition 
of uses
b) Imported 
water

AguaH, 2017a; 
Díaz-Caravantes & 
Wilder, 2014; Díaz-
Caravantes, 2012; 
Scott & Pineda, 2011

D’Inca & Berón, 
2013; Rojas 
et al., n.d.

CTWD, 2017; Hirt et al., 
2017; Kirk et al., 2017; 
Megdal et al., 2014; CTWD, 
2013; Zuniga-Teran & 
Staddon, 2019

Governance a) Type of 
institution
b) Adaptation 
planning

AguaH, 2017a; Loera 
and Salazar, 2017; 
Haro-Velarde et al., 
2016; Pineda, 2008

EPAS 2019; 
Bustos, 2007

Kirk et al., 2017; Megdal 
& Forrest, 2015; Megdal 
et al., 2014; CTWD, 2013

NOTE: The “Topics” column is based on Romero-Lankao and Gnatz (2016).
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the population of Tucson Metropolitan Area has potable water.(29) The 
population of Tucson has grown about 75.4 per cent in the last three 
decades. In 1980, the population was approx. 331,000, and by 2010 had 
increased to 520,000.(30) There has been marginal additional growth since 
then because of an economic and real estate downturn.

It is evident that populations in the three cities are expanding. 
To date, virtually complete water supply coverage has been achieved. 
However, as noted, projections include reductions of groundwater 
supplies in all three regions,(31) so maintaining coverage in the future 
will be a big challenge.

Water quality represents an important component of the 
sociodemographic domain. In the case of Hermosillo, Vásquez-Del Castillo 
and colleagues(32) reported that arsenic concentrations obtained from all 
41 water distribution tanks in the city exceeded acceptable standards in 
the northern zone. According to city water agency parameters, all of the 
eight monitored areas reported compliance with Mexican regulations 
for arsenic content, an allowable limit of 0.025 milligrams per litre.(33) 
However, applying instead the criteria of the World Health Organization, 
four of the zones in the north of the city exceeded the allowable limit of 
0.01 milligrams/litre.(34)

In Mendoza, 205 informal settlements occupy 0.96 per cent of the 
urban area and provide living space for 11,772 families. These settlements, 
located mainly west of the city, have a high level of environmental risk; 
84.5 per cent have access to water through an irregular connection to 
the public network, which translates into lower quality and quantity of 
water.(35) Additionally, 31.2 per cent of houses in the MMA have water 
supply problems (low pressure, turbidity, etc.).(36)

Within Tucson, water quality varies, mainly due to industrial activities 
from the 1980s, which have caused extensive groundwater contamination 
in the Tucson International Airport area, home mostly to low-income 
Hispanic families. Water extracted from this area contains elevated levels 
of volatile organic compounds, probably carcinogenic, and high levels 
of hexavalent chromium, a known human carcinogen.(37) Even though 
residents of this area have access to municipal water that meet drinking 
water standards, a 2000 study revealed that 32 private wells remain in use, 
raising serious public health concerns.(38)

b. technological

The technological domain pertains to the design and construction 
of water supply and sanitation infrastructure, which should be 
multifunctional, adaptable and safe in case of failure.(39) In terms of 
water supply, in all three cases, there has been a combination of surface 
water and groundwater use.

In Hermosillo, groundwater has been a critical resource since the 
middle of the 20th century.(40) So important has this source of water 
supply been that until 2012, 144 wells provided almost all the water for 
the city. This groundwater supply was only made possible by technological 
advances of water extraction. It was not until 1981 that surface water began 
to be used in Hermosillo, when the state government reassigned the water 
in the ALR dam from agriculture to municipal public services through two 
water treatment plants to supply the city.(41) Another important recent 



E N V I R O N M E N T  &  U R B A N I Z A T I O N  

8

42. COnagUa (2013).

43. aguah (2017a).

44. scott and Pineda Pablos 
(2011).

45. aguah (2017a).

46. DgI (2016).

47. InDEC (2010).

48. torres et al. (2003).

49. CtWD (2004); Megdal and 
Forrest (2015); zuniga-teran 
and staddon (2019).

work was the El Molinito dam, whose construction started in 1991 to 
prevent possible flooding in the city.

According to hydrometric information from the El Orégano station, 
the Sonora River has gone from a perennial flow in 1960–1995, to an 
ephemeral regime between 1996 and 2015.(42) The annual runoff decreased 
from an average of 134 cubic hectometres in the period 1960–1995 to 34 
cubic hectometres in the subsequent period. During the 1996 drought, 
the El Molinito dam began to be used to recharge urban wells. In 2008, 
an aqueduct (25 kilometres) was built to use all the water from the dam, 
which provides 1,500 litres/second. Currently, the Molinito and ALR dam 
system provides only 550 litres/second of surface water.(43) More detailed 
assessment of Hermosillo’s “hydraulic reach” is reported by Scott and 
Pineda Pablos.(44)

Finally, it is worth highlighting the collection of surface water from 
the basin of the Yaqui River to Hermosillo through the Independencia 
Aqueduct. This brings water to the city from the El Novillo dam, a 
hydroelectric dam with a storage capacity of 2,963 cubic hectometres. In 
2010, the installation of this aqueduct of approximately 145 kilometres 
began to transfer 75 cubic hectometres per year, which in terms of flow 
equals 2,375 litres/second. In 2017, this aqueduct yielded 890 litres/
second.(45)

In Mendoza, the local rivers do not have the same flow year-round, so 
it was necessary to build diversion dams and reservoirs to achieve better 
regulation and use of water resources. The diversion dikes distribute 
the water to irrigation areas, which are managed through gates. In the 
Mendoza River there are three diversion reservoirs: Cipolletti, Gustavo 
André and Galigniana Segura. In 2001, the Potrerillos dam (450 cubic 
hectometres) was built in the upper section of the Mendoza River to 
regulate the water supply for agricultural irrigation.(46)

In addition, about 27 per cent of Mendoza’s potable water comes 
from groundwater sources.(47) The economically exploitable groundwater 
reserves throughout the province total about 22,000 cubic hectometres, 
which means an average of approx. 1 cubic hectometre for each square 
kilometre.(48)

The biggest technical challenges regarding water security in Mendoza 
are in water distribution, for both human consumption and irrigation. 
Distribution systems are now obsolete due to low investment, and cause 
large water losses, which negatively affects access to drinking water for 
vulnerable populations located in the areas west of the city.

In Tucson, state and municipal water managers have implemented 
innovative technologies to increase water security (e.g. aquifer recharge, 
wastewater reuse, water banking – as explained below), but they have faced 
many challenges along the way. In the 1990s, water from the Colorado 
River arrived in Tucson via the Central Arizona Project (CAP) – a lined open 
canal, 540 kilometres long, that delivers water from the Colorado River. 
However, water quality issues emerged and after a period of complaints 
from users, Tucson’s Mayor and Council mandated a return to groundwater 
as the only source of supply.(49)

These public water quality concerns affected policy and triggered 
new strategies to achieve water security. Tucson Water managers had CAP 
water but it was in excess of municipal demand. So Tucson Water created 
the Central Avra Valley Storage and Recovery Project (CAVSRP), a large 
recovery and recharge facility. From this facility, CAP water infiltrates 
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into the aquifer so that water from the river is blended with groundwater. 
Building on this successful approach, a second storage and recovery facility 
started operations in 2008.(50) The use of surface water to recharge aquifers 
for future use is known as “water banking”, and the Tucson initiative has 
served as an example throughout the world.(51)

c. ecological

The ecological domain involves the maintenance or restoration of 
healthy ecosystems and water bodies.(52) The significant dependence on 
groundwater in all three cases is characteristic of arid zones. A sole reliance 
on groundwater, however, has shown negative effects on the health of the 
aquifers and riparian ecosystems.

In Hermosillo, there has been overexploitation of the two main 
aquifers that the city largely depends on. The Costa de Hermosillo 
aquifer has an overexploitation of 97.62 cubic hectometres per year and 
Mesa del Seri-La Victoria of 45.5 cubic hectometres. These two aquifers 
are semiconfined (leaky aquifers) are naturally recharged mainly by 
the Sonora River. As in Mendoza, overexploitation is primarily related 
to agriculture, the main water user. However, this still has serious 
implications for the city, since it puts its sources at risk. Costa de 
Hermosillo, an irrigation district, currently has soil salinization problems 
and brackish groundwater.(53)

The city’s use of surface water from the Sonora River has resulted 
in limited runoff for the riparian ecosystems in the area between the El 
Molinito and ALR dams, since water is released only when it is necessary 
to recharge the urban wells. A major change has been a decrease in 
agricultural water use, from 8,818 hectares in 1993 to 2,983 hectares in 
2011.(54) This change in water use could be accompanied by reforestation 
of the riparian area, since it has been a State Natural Protected Area since 
1994,(55) but this has not happened.

As mentioned above, Mendoza has historically had water restrictions. 
These have become more acute in the last 10 years as a consequence of 
global environmental change processes.(56) Changes in land use, resulting 
in greater pressure on the aquifers, were superimposed on a cycle of 
successive hydrological droughts, during which Mendoza River flows 
dropped to 50 per cent of the historical average. Mendoza’s aquifers are 
shallow, fed mainly by Andean snow and glacier melt.(57) There was a 
progressive process of salinization of aquifers in the east and north of 
the MMA (North Basin and Sub-basin of Carrizal Stream) that made it an 
unsuseable resource for irrigation. Salinity, as measured by conductivity, 
doubled from 2,000 to 4,000 micromhos between 1980 and 1990.(58) This 
is related to previous overexploitation of the aquifer and expansion of the 
irrigated area that collapsed in the late 1980s, from which the province 
has not yet recovered.

Aquifers in the Tucson Active Management Area (AMA) are alluvial 
and relatively deep, delimited by mountains, and filled with layers of 
sediment. The aquifers are replenished by natural recharge as well as 
artificial recharge (Colorado River water infiltrating recharge sites). The 
Tucson AMA contains two sub-basins – Avra Valley and Upper Santa 
Cruz. Increases in groundwater levels in the Avra Valley sub-basin have 
resulted from groundwater recharge activities, the use of CAP water 
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instead of groundwater pumping, and agricultural land retirement and 
water transfers to the city. However, in the Upper Santa Cruz sub-basin, 
groundwater levels have generally decreased.(59)

The principal impact of Tucson’s water practices on the region’s 
ecological functioning was the past reliance on groundwater as the main 
water source. By drawing down groundwater levels, natural perennial 
water flows have either decreased or stopped entirely. The hydrological 
connection between groundwater and surface water is clear – as 
groundwater levels decline, there is a reduction in stream baseflow.(60) 
Riparian areas and adjacent ecosystems have suffered from these 
reductions.(61) In addition, the drawdown in groundwater has caused 
ground subsidence from aquifer-system compaction, which results in 
damage to urban infrastructure that is costly to repair.(62) The good news 
is that ground subsidence appears to have slowed down in the 2000s as a 
result of the aquifer recharge programmes.(63)

In terms of riparian ecosystems, the city of Tucson has demonstrated 
concern through urban planning efforts,(64) which led to the award-
winning Sonoran Desert Conservation Plan for Pima County.(65) In 
addition to the conservation boundaries established in this plan, peri-
urban development in Tucson is limited by natural protected areas and 
Native American reservations that surround the city. Despite all these 
boundaries and restrictions to development, urban expansion in Tucson 
is still possible.

In Hermosillo, 95 per cent of households were connected to a sewerage 
system as of 2016.(66) That same year, the new wastewater treatment plant 
started operations with an installed capacity of 2,500–2,700 litres per 
second. And in 2017, once the sewerage system was connected, 100 per 
cent of wastewater was treated.(67) Although several possibilities have been 
explored for the use of this wastewater (e.g. selling it for industrial use, 
recharging the aquifer), a good start was its use for irrigating agricultural 
areas in the ejidos (communal farms) of Villa de Seris and La Yesca, 
which had originally used groundwater that recharged from the ALR dam 
beginning in 1981.(68)

In MMA, according to the local water agency (Ente Provincial de 
Agua y Saneamiento or EPAS), sewerage coverage is generally good, with 
the city of Mendoza standing out with 90 per cent and adjoining Godoy 
Cruz with 96 per cent. Average coverage in Las Heras, Guaymallén, Maipú 
and Luján de Cuyo is 79 per cent, 73 per cent, 68 per cent and 63 per 
cent respectively. Lavalle has poor coverage at 20 per cent.(69) However, 
the city’s rapid, disorderly expansion is increasing the total volume of 
wastewater and there is no current plan to manage its use. The main 
problem is the state of the infrastructure, given the lack of maintenance 
and rehabilitation. The EPAS sees the level of disinvestment as having a 
direct effect on the service, which is at the limit of its capacity. Wastewater 
continues to be sent to outdated treatment plants that are saturated and 
can no longer be considered functional.(70)

Tucson has 100 per cent sewer coverage through either connection to 
sewerage systems or on-site septic tanks, and 100 per cent of wastewater is 
treated. Sewerage services are provided by large publicly owned treatment 
plants, privately owned treatment facilities, or individual septic systems. 
The systems and facilities are mostly owned and operated by the Pima 
County Wastewater Management Department and the Town of Sahuarita. 
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On-site septic systems are owned by property owners and it is their 
responsibility to maintain them.

Effluent is used in several ways in Tucson: in the irrigation of some 
landscapes (e.g. golf courses, parks, sports fields), management of dust 
from construction, cooling towers, public toilet flushing, fire suppression, 
spray irrigation, and riparian landscape irrigation.(71) In addition, effluent 
is discharged into underground storage facilities along the Santa Cruz 
River, including the Sweetwater Recharge Facilities, which are used for 
recreation and wildlife habitats.(72) According to Thomure and Kmiec,(73) 
the golf industry in Tucson is the driving force behind the expansion of 
the reclaimed water. In 2003, the total volume of effluent produced by 
metropolitan treatment plants in Tucson was 68,061 acre-feet (approx. 84 
million cubic metres).(74)

d. economic

In the economic domain of UWS, two indicators are fundamental: 
competition for water and dependence on imported water.(75)

In Hermosillo, the competition is mainly between urban and 
agricultural uses, and the city has been the winner.(76) But unlike in 
Mendoza, this competition has involved importing water, without 
necessarily changing land uses. According to Díaz-Caravantes and 
Wilder,(77) of 13 proposed strategies involving the transfer of water 
from agricultural to municipal use between 1981 and 2010, nine were 
implemented in Hermosillo’s peri-urban area. In other places, very few 
projects were implemented, or implementation was postponed until 
there were no further alternatives. In the peri-urban area, where there 
are about 1,000 small farmers, the water transfer to the city means many 
farmers have lost their water for irrigation and hence their livelihood.(78)

The Independence Aqueduct, a massive infrastructure project, 
transfers water from the Yaqui River via the El Novillo dam to Hermosillo, 
a distance of approximately 150 kilometres. One of the main groups 
negatively affected was the Yaqui ethnic group, which argued that if 
the work was finished, the drastic reduction of available water would 
be disastrous for them: of the 18,000 hectares they use for cultivation, 
only 8,000 would be available.(79) As a protest in 2012–2015, they set up 
blockades of the international highway in Vícam, one of the eight Yaqui 
towns; however, the infrastructure work was finished and is already in use 
at around 30 per cent of its capacity.(80)

In Mendoza, although the most important water use is agricultural 
irrigation (93–97 per cent), in recent years the demand for potable water 
has increased to approximately 4.5 per cent of the whole. Industrial use 
(1.5 per cent of total requirements) is important only in the northern 
oasis (irrigated area) of Mendoza, where the MMA is located.(81)

Because grapes are the most important agricultural crop demanding 
irrigation (150,000 hectares planted, 50 per cent of the total cultivated 
area), water development has been linked to the historically changing 
circumstances of viticulture. More recently, Mendoza has undergone 
a process of urban expansion, specifically in the transfer of surface 
irrigation rights with the sale of land. In 1986 within the Mendoza River 
basin, 6,698.64 hectares were irrigated cropland, which had changed 
to urban land by 2018.(82) In fact, agricultural use has been partially 
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changing (not always formally) to recreational use for irrigating parks 
and gardens. The farms that become urbanized frequently stop paying 
irrigation fees although they do not renounce their water rights. This 
means the defunding of canal inspections, which manage the distribution 
of irrigation water. In addition, the expansion of urbanization over 
agricultural land leaves idle much of the historic irrigation infrastructure. 
Urbanization also expands to the west of MMA, where there has been 
no such investment in infrastructure for water provision. Here, wells 
supply water to the population, as well as irregular connections to the 
public network or private cooperative tank trucks. In this area, real estate 
developers have the resources to access greater quantities of water, for 
example via the construction of aqueducts.

Economic conditions drive growth in Tucson, but this very growth 
may threaten future water security in the region. An anti-growth stance is 
not politically feasible, and so Tucson has had to maintain a fine balance 
between water conservation and the wise use of resources while still 
attracting businesses and industry. Maintaining the “oasis” condition 
of the city, supported entirely by groundwater and distant reservoirs, is 
essential to drawing new residents and businesses. The concern is that 
Tucson has allowed growth far beyond its water limits, particularly when 
considering long-term sustainability.(83)

As mentioned above, Tucson can get water via the CAP canal. However, 
this is not reliable because under a declared water shortage (when water 
levels in Lake Mead and Lake Powell drop significantly), water delivered is 
significantly reduced.(84) The situation is worrisome – prolonged drought 
since the 2000s has reduced streamflow throughout the Colorado River 
basin,(85) and it is possible that this trend will continue in the future.

Water managers have been exploring local solutions to these 
projected water shortages. In 2013, Tucson Water launched the Recycled 
Water Master Plan, which has successfully considered reclaimed water 
in planning for future water supply.(86) Projections for the demand for 
reclaimed water show a significant increase.(87) In addition to wastewater 
use, some ordinances (e.g. modifications to the plumbing codes, the 
Waste Water Ordinance, the Emergency Water Conservation Ordinance) 
have helped reduce water demand. Gradually, Tucson’s landscaping 
preferences have shifted to less water-demanding options (xeriscaping), 
as supported by the Xeriscape Landscape Ordinance.(88)

e. Governance

According to Romero-Lankao and Gnatz,(89) the governance domain for 
water security involves “(f)ostering water institutions able to balance their 
inherently conservative and reactive natures with the need to be adaptive, fair 
and flexible”. Here, we describe briefly the water institutions in these three 
cities, as well as the mechanisms (and constraints) for tackling the new 
global and local challenges.

In Hermosillo, Agua de Hermosillo (AguaH) was created in 2002 with 
the function of providing and managing public services for drinking 
water, drainage, sewage, and the treatment and disposal of wastewater.(90) 
AguaH comprises a Municipal Consultative Council, a General Director 
and a Government Board; the latter holds the greatest authority.(91)
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As noted by Loera and Salazar,(92) from 2008 to 2012, AguaH faced 
management challenges, such as recurring deficits in its operating 
budget, a high dependence on federal and state contributions, and 
constant changes in its directive. For example, there were 14 directors 
between 1993 and 2017, each lasting an average of 1.7 years.(93) This 
is partly because the director’s appointment depends on the municipal 
mayor, who changes every three years. The brief duration of this strategic 
position has limited the management and long-term planning in 
AguaH.(94) It is an obstacle to adaptive planning in a challenging context 
that demands this flexibility.

AguaH recently launched a long-term planning effort that promises to 
offer future alternatives for adequate risk management and opportunities. 
Among the most relevant results of this effort were robust actions on 
these topics: resource management for infrastructure, unpaid bills, and 
tariff review and autonomy of AguaH.(95)

In Mendoza, water management for irrigation is decentralized as 
required by the provincial constitution and the General Water Law, dating 
from 1884. The law establishes which lands have permanent water rights. 
The public body that manages the water resources in the province is the 
General Irrigation Department (DGI). Users, especially large property 
owners, participate through the cauce – or waterway – inspections that 
monitor the secondary irrigation network and administer its use.(96)

The regulation of water for domestic use in Mendoza is the 
responsibility of the Provincial Water and Sanitation Agency (EPAS). Many 
operators are responsible for the provision of drinking water services: the 
public company Aysam (the main operator, serving 64 per cent of the 
population), the municipalities of Maipú and Luján de Cuyo, and 142 
other social entities including neighbourhood, mutual and cooperative 
unions.(97)

In Tucson, water management is also decentralized, governed 
by several institutions working in multiple jurisdictions. At the state 
level, water resources are governed by the Arizona Department of 
Water Resources, which works to manage water resources sustainably – 
particularly groundwater – through the Assured Water Supply Program. 
This programme aims to prevent overpumping, mandating that all 
groundwater extracted in excess of incidental recharge be replenished with 
a renewable water supply (e.g. water from the Colorado River). However, 
groundwater levels have continued to decline.(98) At the federal level, 
water policy for the Colorado River states that Arizona has junior rights, 
meaning that this supply will be reduced in case of water shortage.(99) 
The situation is not optimistic. Prolonged drought since the 2000s has 
reduced streamflow throughout the Colorado River basin.(100)

In terms of municipal water management, Tucson Water is the largest 
of 10 water utility companies that provide water to the City of Tucson 
and its metropolitan area. It is a water utility owned and operated by 
the municipality, which started operations in 1900 and now services 
approximately 76 per cent of Tucson’s population. The Metropolitan 
Domestic Water Improvement District is the second largest utility, 
serving 6 per cent, while the Town of Oro Valley serves 5 per cent. The 
10 water utility companies serve different areas of the city and have 
specified service areas for future growth, known as “long-range planning 
areas”. Identifying these geographical obligations helps in water resource 
planning. Utilities in the state of Arizona can be public or private; the 
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former are regulated by elected municipal government and the latter by 
the Arizona Corporation Commission.(101)

The “long-range planning areas” cover all of the City of Tucson and 
portions of unincorporated Pima County adjacent to the city boundaries. 
Any development and water provision outside this area requires the 
approval of the Tucson Mayor and Council.(102) The main water utility 
company, Tucson Water, developed a strategic plan in 2012 to meet future 
water demand and serve a growing population.

Table 2 compares UWS in the three case study cities. We can see that 
the challenges to achieving water security are significant. The population 
will continue to increase in all three cities. Although all three have 
managed to cover all or most of the water demand, the quantity and 
quality of water are emerging as current and future challenges.

In the technological domain, our three cases show a dependence on 
groundwater, not only as an alternative water source, but, in the case of 
Hermosillo and Tucson, as the main source of water supply. Dependence 
on groundwater is risky due to overexploitation of aquifers and consequent 
problems with salinity, observed in all three cases. However, this trend has 
begun to reverse in the case of Tucson, as a result of its transfer of water 
from the Colorado River and use of treated wastewater for ecological uses. 

tAbLe 2
comparison between the three cases according to the five domains

Domains Topics Hermosillo Mendoza Tucson

Sociodemo
graphic

a) Population trends Constant population growth

 b) Water coverage Above 97 per cent in all cases
 c) Water quality Significant water quality challenges have arisen in different periods
Technological a) Groundwater use High dependence on technology to exploit groundwater
 High dependence on 

groundwater
Medium dependence 
on groundwater

High dependence on 
groundwater

 b) Surface water use High dependence on large human-made reservoirs
Ecological a) Aquifers Overexploitation of 

aquifers
Overexploitation of 
aquifers

Overexploitation 
of aquifers, but 
started to reverse by 
recharging the aquifer

 b) Riparian 
ecosystems

No conservation 
strategy

No conservation 
strategy

There are 
conservation 
strategies

 c) Sewage Recently 100 per 
cent treatment and 
there are strategies 
to reuse this water

The treatment 
plants are no longer 
functional

Treated wastewater 
is used for multiple 
uses, including 
aquifer recharge

Economic a) Competition of 
uses

The main competition is between agricultural and city consumption 
uses

 b) Imported water Inter-basin imported 
water

Not imported water Inter-basin imported 
water

Governance a) Type of institution Decentralized Decentralized Decentralized
 b) Adaptation 

planning
Short-term planning Short-term planning Long-term planning
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Mendoza cannot rely on this option because its treatment plant is not 
functional. Meanwhile, Hermosillo has an emerging opportunity to use 
effluent for aquifer recharge or ecological uses like Tucson, because it is 
now treating all its wastewater. This effluent could potentially be used for 
the recovery of riparian ecosystems, or other non-potable uses.

As observed in the economic domain, cities’ biggest water competitor 
is agriculture, a reflection of the regional economic history of these cities, 
which was basically agricultural. The winner of this competition has 
turned out to be urban residential use, although the resources surrounding 
the city have not been sufficient to cover demand. There is a dependence 
on inter-basin imported water, and from a great distance in Hermosillo 
and Tucson. Although this dependence is common in large modern 
cities, it represents a great challenge in the context of diminishing water 
supplies related to climate change. We found this emerging threat in all 
three cases: a decrease in snowmelt and water in the Colorado River for 
Tucson, in the Andes Mountains for Mendoza, and in the Yaqui River for 
Hermosillo.

When the technological and economic domains are analysed, it is 
clear that the water projects in these three cities were based on a “hard 
path” approach, or “the construction of massive infrastructure in the form 
of dams, aqueducts, pipelines, and complex centralized treatment plants”.(103) 
According to scholars, what is required in this new century are “soft 
path” approaches,(104) which focus less on increasing supply and more on 
reducing water use through innovation, conservation and changes in use 
patterns.

Several lessons can be learned from the governance analysis of these 
three cities. The form of governance varies, with different impacts on 
their multiple shared problems. Tucson is the most successful case in 
terms of medium- and long-term planning. The autonomy and diversity 
of the relevant agencies have allowed them to implement innovative 
ideas for water management. The case of Mendoza is paradoxical in this 
sense; although it has a good degree of autonomy, the legislative rigidity 
that has emerged since the 19th century does not allow sufficient 
flexibility to face current water security challenges. In addition, there 
has been practically no investment in infrastructure and technology. 
Hermosillo is very different from the others in terms of autonomy. 
Although it has had its own water agency since 2002, it depends heavily 
on federal and state resources, and its management is subject to political 
changes. This situation is inherited from many years of centralized 
federal government.

V. concLUsIons

We extract several lessons from this analysis that could be transferred to 
other growing cities struggling with water scarcity. Groundwater plays 
a critical role in UWS in cities in arid lands, but it must be managed 
sustainably to avoid aquifer depletion and pollution. Groundwater 
management has to include a recharge scheme to avoid depletion. 
Maintaining the health of aquifers is a priority for achieving UWS. Peri-
urban areas in arid lands are places of flux where urbanization expands 
(or contracts), and water use usually shifts from agricultural to municipal. 
These conditions can result in the increased vulnerability of certain 
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populations, usually underserved communities. Water managers should 
focus on protecting these vulnerable communities.

Hard path approaches to water management in growing cities in arid 
lands are a necessary but insufficient condition to assure water supply. 
Our cases point to the common use of inter-basin transfers, recharge 
facilities and dams, among other approaches. However, these hard path 
approaches have to be combined with soft path approaches that reduce 
demand and increase efficiency. A key soft path strategy lies in enhancing 
the role and effectiveness of institutions, which should be strengthened 
to support water governance, including stakeholder participation in 
decision-making. Decentralization of water management also shows 
promise in addressing local issues more efficiently.

In arid lands, riparian areas provide multiple critical ecosystem 
services, and allocation of water resources must reflect this. It is also 
important to consider the integrated aspect of water resources and how 
groundwater extraction affects riparian ecosystems. The use of effluent 
from wastewater treatment plants shows promise as an ecological 
practice. There is often a tension in urban areas between economic 
development (urban expansion) and the conservation of resources. 
Cities in arid lands may simply not be able to grow indefinitely, and it is 
important to establish sustainability thresholds for population growth. 
Sustainable growth has to be accompanied by land-use planning that 
protects ecosystem functions. This points again to the necessity for 
responsive and effective institutions.

The analysis of UWS in these three cases makes it clear that it is 
easier to speak in terms of water insecurity than water security. There are 
multiple threats to achieving a secure supply: among them meteorological 
and hydrological droughts, altered ecosystems, high water demand due 
to constant population growth, overexploited water bodies, and obsolete 
infrastructure. Given this diversity of problems, the clearest option in 
terms of governance is to emphasize the maintenance of social-ecological 
systems. Initiatives like the use of treated wastewater illustrate robust 
actions and sustainable alternatives that cities should plan regardless of 
their future scenario.

In summary, this study examined UWS in three cities of the arid 
Americas, using the domains proposed by Romero-Lankao and Gnatz.(105) 
This framework proved useful for assessing water (in)security because it 
provides concrete dimensions and indicators that show the challenges 
and opportunities for achieving an adequate water supply, in terms of 
both quantity and quality, for cities and their regions. And however 
convenient it is to consider the five separate domains, clearly they are 
not isolated, but interweave and interact with each other. According to 
Romero-Lankao and Gnatz,(106)”attention to their interactions, tradeoffs 
and synergies will be necessary to create true UWS”. Future research should 
consider notions from political ecology for a more detailed analysis of 
the winners and losers of water management decisions – an analysis that 
is critical for the design and implementation of new water policies.
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