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Societies across the globe strive to achieve water security—that
is, assure access to sufficient water of acceptable quality for
humans and the envirenment for changing, sustainable societies
and ecosystems. But rapid and significant changes in
environmental and social systems complicate attempts to assure
water-sacure conditions. This challenge is further magnified by
transboundary conditions—while landscapes and physical
processes disregard political borders, human institutions
managing these resources often lack the traditions and capital for
ensuring resilient, community-based responses to water
shortage and contamination. This review highlights how features
of community resilience contribute to enhancing transboundary
water security using nine examples from the LS ~Mexico barder
region. The cases demonstrate how public participation,
adaptivity and flexibility, and social mobilization to promate
equity and justice help to nurture and maintain community
resilience, to the banefit of transboundary water security.
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Introduction

While many regions of the world face modern water
security challenges, in the vast regions that are hyper-
arid, arid, and semiarid, water security has always been
tenuouns [1]. Beginning in the 19th century and accel-
crating thereafter, modern drivers of change such as
industrialization, irrigated agriculture, and urhaniza-
tion have engendered land-use modifications such as
deforestation and desertification; aquifer depletion;
and new, less tavorable climartic patterns. Ar the same
time, population and concomitant consumption have
grown markedly, leading to large increases in demand
for water |2]. These transformations have perma-
nently altered long-esrablished notions of water secu-
rity—which we define as the availability of adequate
guantities and qualities of water {or societal needs and
resilient ecosystems, in the context of current and
future global change [e.g. Refs. 3.4].

The water-management literature of the past two dec-
ades clearly reflects this new state of affairs. Attention to
climate change, arpuably the most egregious threat to
water security, has helped globalize the problem of what
some have called a water erisis. To address these chal-
lenges, recent approaches to water management tend o
tilt away from ‘hard-path, supply-side,” infrastructural
solutions to ‘soft-path,” demand-side, governance-based
ones [5,6]. The soft-path approach to water-resources
management seeks to avoid the commaon, unanticipated
conscauences of large-scale development ventures and
instecad cmphasizes hottom-up, common-scnse, instit-
tionalized problem-solving. Soft-path approaches high-
lighe the role of residenrts, communities, decisionmakers,
water managers, and other stakeholders in achicving
watcer scouricy. In this casc, adaptive financial prioritics
that focus on the social side of the problem (e.g. gover-
nance, demand management, monitoring, effective
metering) are encouraged over investment on large
water infrastructure project that rely on augmenting
water supply (e.g. desalination, dams, inter-basin
transfers).

Water security as a framing mode

Water security serves as a framing that highlights the
importance of governance and  advances  soft-path
approaches. This mode of analvsis captures concerns
about such issues as quality, quantity, equitable access,

Current Opinion in Environmental Sustainability 2020, 44:74-R4

www. sciencedirect.com



Transboundary water security: insights on community resilience Varady st al. 75

and environmental provisioning of water supplies—all for
present and future generations [77,877,9]. This under-
standing of water security also implies its adoption by a
diverse set of actors from WGOs (nongovernmental orga-
nizations) [10] to UN actors [11-13] to academic research-
crs [ep. Refs. 14,3]. Reeent studies identified governance
factors as key indicators of water sccuriey thar highlight
the mbust and effective  institutional arrangements
nceded to manage risk and resilience, share authority,
and resolve conflicts, among other interactions between
water uscrs [15, g Rets 16,12,17]. Across all scales of
povernance, water-security researchers emphasize partic-
ipatory processes—understood in the broadest sense—as
a necessary pathway rto achieving warer security (as
understond in Figure 1) [c.p. Refs. 18,19].

Borders and transboundary communities

But whether hard-path or soft-path, most interventions
are povernment-led and government-funded. As 4 resulr,
proposed solutions rypically address challenges solely
within a single nation. Yet manv of the world’s ourstand-
ing water-security issues transcend national borders. A
few examples include rransboundary basin-wide hydro-
climatic variability in arid regions [3]; overuse of shared
aguifers [20]; and, wastewater flowing across borders
[21]. These borders are often artoficial, heedless of
human, wildlife, and vegetative population distributions.
Political boundaries also separate cultural norms, legal
and adminiscrative practices, and socicral institutions—
all while being distal from loci of central political inHu-
ence and power [22]. These differences challenge efforts
to adopt cohesive regional approaches to governance—
especially governance of warer and other cnvironmental
TCROUTCES.

Figure 1

In this context, local communities are often overlooked in
resilicnee planning, though such planning may be casier to
accomplish than at larger jurisdictions or at the river basin
seale. Yet the ability of such communities to tap cross-
border networks makes their role vil, By ‘community,” we
adapt a definition from the public health scholarship to
define community as local places with ‘people of diverse
characteristics whao are linked by social ties, share common
perspectives, and reside In geographical proximare loca-
tionsorscetings’ [adapred from Ret. 23], Communitics may
be urban citics or rural towns, with large or small popula-
tions but with social, cultural, and geographic ties.

I'ranshoundary communities are cspecially vulnerable to

the divisive influcnee of palitical borders, which can disre-
gard shared histores, cultures, and languages thar predate
the political border line isell. Even so, close family ties,
economies, and social networks can draw transborder com-
munities together [24]. These attributes of local commu-
nities are relevant to the beneficial capacities needed for
transboundary communities o work together to build
resilience, such as long-term relationships and common
definitions of vulnerabilities and problems [25,26].

Nevertheless, neighboring communities, even in the
same country, can have competing goals and social power
differentials, or long-standing conflicts, that may compli-
cate building community resiliency [27%]. Local collabo-
ration can lead to forms of cross-border cooperative gov-
crmance that are sometimes informal. A fow cxamples
include fircfighting and other emergency-response efforts
in twin cities on the US~Mexico border [28,29°] and on
the Estonia—Russia border [29%]; and cooperation on
agricnlture, environment, healch, and ather matters along
the Ireland-MNorthern Ireland horder [30].
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The role of resilience

Both scholars and international insticntions [eg. Ref. 31]
increasingly focus on the role of local communities (some-
times cast instead as ‘citles’ or ‘urban areas’) in building
resilience to diverse challenges such as climate change [e.
g. Ref. 32%] and disasters and harards [cp Ref. 33).
Although there is no single aceepted universal definition
of community resilience, some key identifying features of
community resilicnce include such factors as local knowl-
edpe, community networks and relationships, and effee-
tive communication  [34*]. Wc  sce C‘communicy
resilience’ broadly as the processes linking the capacities
of communiries o adapr and continue their functions
despite shocks and stressors that may alter their access to
sutficicne quancitics of good-quality water [4]—is a eriti-
cal element for water security, especially in rransbound-
ary settings. Accordingly, the role of community resil-
ience in transboundary setrings is especially crucial for
achieving water security.

We Dbegin by discussing the distinctive complications
transhoundary conditions impose on warter securiry.
Then, we draw from social-ecological resilience theory
to highlight the role of community participation in water-
related decisions. We aim to better understand how the
notion of resilience can help identify situations with
strong promise of coping with transhoundary complica-
tions and how resilient institutions and communicy
involvement may contribute to enhancing transboundary
water sceurity, We cxamine nine distinet cases from the
LIS ~Mexico border region to examine how features of
community resilience contribute to enhancing trans-
boundary water security. We conclude with some obser-
vations about the connection between resilicnce and
rranshoundary water sceuricy.

The transboundary environment

‘I'ranshoundary warcrs arc prevalent worldwide—more
than half of the world's land arca lics within a river basin
where hvdrologically connected water-resource systems
traverse human-drawn, political borders [35]. In toral,
some 310 cranshoundary river basins (and 600 groundwa-
ter systems) connect nearly three hillion people via their
access to water [35,36%%,37,38]." The importance of trans-
boundary water resources—surlace and proundwater—is
increasingly noted by scholars and water managers. 'Their
significance is ateributable to both their global prevalence
[36°%,39,40]", and to the growing pressures on water
availabiliry imposed by such drivers as climate change,
development, and globalizarion [41,42].

* “Thesc hasing are shared by 130 eomneries and dispuced arcas, cover

TA% of the Earth's land surface and include 52% of rhe waorld™s
population” | 267,

* (O 35 largest diver basins in the world, ooly & are oot mansboundary;
those basins cover 154 countries, an average of 4.5 countries/basin [39].

Addressing these mounting forces requires effective
water management, which in transhoundary contexts is
accompanied and complicated by institutional, sociopo-
litical, and economic obstacles. Water governance and
management tasks—including the emplacement of
robust instinutions, realistic assessment, integraced plan-
ning and implementadon—are generally far easier to
conduct within a single jurisdiction than across muldple

jurisdictions [15,20,43]. MNarional povernments tvpically

have deale with internationally shared water by favaring
their own national interests. As a result, cooperation takes
place principally to securitize water resources at the
nation-state level [7°44]. When cooperation is in the
mutual interest of neighboring countrics, the most cam-
man  instruments adopted arc  treatics, conventions,
accords, river-basin organizations, and oceasionally, local-
ized arranpements,

The cross-border nature of shared water resources makes
effective resource management more complex in multi-
ple ways such as uneven economic development and
incongruous legal svstems [45.46]; a history of political
contenton or conflice [453,46]; or a lack of functdonal and
adaprive insticutional capacity at local, national or basin-
scales [477°,48]. Water governance and management tasks
such as policymaking, planning, financing, assessing, and
implementing typically are diseributed among actors
across multiple governance levels. Because of this
diffuseness, building institutional capacity at  local,
national, and international levels is a challenge for trans-
boundary water management [47%,49 50].

While much research has focused on transboundary coop-
cration and the role of rAver-basin institutions in crans-
houndary water management with an emphasis on nation-
states as the key actors [7°,44,47%* 48 49], we examine the
less well-understood role of local communities in trans-
boundary contexrs, Participation at the local level is
particularly crucial for effective implementation of water
management practices that are sustainable, equitable, and
resilient over time. In the U.S5.-Mexico border region, for
example, strong anshoundary institutions, such as the
T'reary of 1944 that allocates the waters of the "Uijuana,
Colorado, and Rio Grande rivers, and the International
Boundary and Water Commission (IBWC, known as
CILA in Spanish), are an important factor in sustaining
water security both regionally and for local communities
in the border region [51]. These robust structures dre a
foundation that, despite uneven institutions and asym-
metric power relations, undergirds water supply and 1o
some extent, water quality considerations in key areas of
the border. At the same time, investment represented by
transboundary programs such as the NWorth American
Development Bank (and formerly, the Border Environ-
ment Cooperation Commission), has meant a substantial
upgrade in wastewater treatment capacity in border com-
munities and an enhancement of public participation in
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some decision-making processes [52]. Thus, overall trans-
boundary institutions have helped enhance water securicy
for local border communioes. Neverctheless, local munie-
ipalities alone are responsible for managing many water
services, such as provision of drinking water and the
development of some sanitation infrastructure.

Resilience in a water-security framing
Achicving water sccurity within a community or society,
as sugeested above, is laden wich difficultics—all the
more so when international or jurisdictional horders are
part of the landscape. As stated previously, communi-
ties—including ones that are transborder—may offer the
most hospitable scale for confronting warter insecuriry {i.c
., the abscnee of water securicy). Their role is at the
forefront of socio-ecological resilience theary [53"].

In this case, healthy ecosystems that depend on social
actions (e.g. preservation from development, conserva-
tion of biodiversity, and maintenance) can affect the
hvdrological cvele and water security, The field of resil-
ience emerged from the work of ecologists in the 1970s
studying the interaction of species and their functional
responses to externdl disturbances in relation to ecological
stability theory [534-57]. In these early studies, resilience
was used as a measure of the ability of ecological systems
to absorh external shocks without altering the existing
relationships between species populations across tempo-
ral and spatial scales [54]. From these studies, resilience
hegan to be applicd at a larger scale and to nonlinear and
complex trajectories of coupled natural-human systems.
This expansion of the term’s use implied a need to learn
to manage while acknowledging change, a concept that
hecame codified in the new logic of adaptive manage-
ment [53,538]. The resulting approach to managing natural
resources in uncertain contexts draws on theories about
the co-evolutionary nature of human and narural s¥stems,
shifting towards an emphasis on the need for socio-eco-
logical resilicnce [59,60]. Today, socio-ccological resil-
icnce is a rapidly expanding concept for hoth academics
and practitioners, especially in consideration of aspecrs of
comimuonity resilience.

When applicd in the context of communitics, social
groups take the place of ecological features such as
species and populations, as outlined in Adger's [61]
widely used description of *the ability of groups or com-
munities to cope with external stresses and disturbances
as 4 resule of social, political, and environmental change.”
Norris e @f. [62] further sharpen our understanding of the
social aspects ol resilience through the lens of
‘community resilience,’ which they define as a ‘process
linking a set of adaptive capacities to a positive trajectory
of funcrioning and adaptation afrer a disturbance.”

In the field of water resources, approaches to resilience
are varied and inconsistent [63]. Some approaches focus

on engineered resilience achieved through buile infra-
structure, adaptive insttotional frameworks for water
governance, the role of ccosystem services in mediating
water resources availability and quality, or community
resilience [64]. While these approaches can be applied at
multiple scales, in transhoundary contexts, studices tend to
focus on resilience in transhoundary institutions and
mechanisms for cooperation [e.g. Ref. 63] as opposed
to the local communities and social networks that span
political borders.

The capacity of social systems to be resilient involves
active social networks that exhibir aspects of social cohe-
sion, interconnectedness, and expericnce in community
cnpagement [66,67" 68,69, These characeeristics allow
various social groups to work rogether across scale, tem-
poralities, and borders to mirigate and adapt to change
170]. Enhancing social resilience also relies on the pres-
ence of healthy ecosystems, strong and robust institu-
tions, and adaptive financial priorities [71]. This means
that communities that work rogether, even across forbid-
ding political boundaries, are more likely to withstand
problems associated with water insecurity.

Community resilience for transboundary
water security: the rich case of the U.S.-
Mexico border region

In a number of transboundary settings across the world,
community resilience and bottom-up approaches at the
local level are eritical elements for assuring water scourity.
Such efforts complement transhoundary  institutional
capacity at the basin level, and both contribute to bol-
stering many elements of transboundary water security, as
demonstrated in Figure 1. Both are builc on sharcd
principles of participation and cnpagement [e.g Refs.
34** 43]; cooperation [e.g. Refs. 46,49]; information-shar-
ing |e.g. Refs. 34" 45 adaprivity and flexibility |e.g.
Refs, 26,50]; and, equity and justice [e.p. Refs. 5,15].
T'he framework in Figure 1 puides our case study analysis
in this scerion,

In the U.5.-Mexico border region, cross-border interac-
tions offer a variery of particularly germane examples of
long-lasting cross-border community collaboration, A key
reason the ULS —Mexico borderlands region (Figure 2) is
such a rich laboratory for local resilient actions is a
tradition of building social capacity and environmental
resilience in communities. For instance, nearly two dec-
ades ago Lemos & &/ [28] found that policymaking and
water-service delivery in this region can occur in under-
served communities when ponprofit organizations step in
to support and work with the communiey to provide water
and wastewarer infrastructure. Part of the success of this
type of program was its ability to adapt and respond to
emergent situations—in other words, to tap resilicnce at
the community level. In cases such as this, community
engagement and adaptivity become determining factors

www. sciencedirect.com
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Figura 2
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for water security (see Figure 1) Building communicy
resilience in transboundary contexts also can involve
social networks among cross-border actors including envi-
ronmental NGOs, broad adaptive capacity including
financial prioritics, or social mohilization.

Below, we feature a suite of specific 115 -Mexico cross-
horder collabarations underway in which communitics
and local institutions are taking the lead o make com-
munitics healthier and cleaner, and working to improve
quality of life. "These cases are displaved in four groupings
that reflect diverse issue arcas, including wrbas aarer
mandgement, environment and conservation, travsbeundary
Hows and delta rebabilivation, and public health and water
contamination. ln selecting these cases, we draw from sed-
pudlicized activities or programs in the border region that we
have encountered in our long-standing rescarch and
cngagement in the LS ~Mexico border region. We rely
on peblicly availadle websites, reports, and academic
scholarship in presenting these cases. Thev illustrate
situarions in which communiry acrion helped strengrhen
resilience—even in the face of the many previously
mentioned obstacles of working across the border and
the complications that poses.

Case 1: urban water management in border
communities

Transboundary effluent use

Wastewater trecatment in the twin border cites of
Mogales, Sonora, and Wogales, Arizona (AX) illustrates
the complexicy of transboundary resource management at

the urban scale [72]. Topography dictates a south-north
How of water from the Mexico to the 1S, Binational
cooperation wias thus needed to treat wastewater from
hath citics. Because of the land gradient, an international
treatment 15 9 miles norch of the horder. In the LS,
effluent discharged into the Santa Cruz River has resulted
in beneficial ecosystem services. But in Nogales, Sonora,
the paving of namiral drainage systems intensifics flash-
floods [73], which are further increased by a border wall
that inhibits natural runoff [74]. In Nogales, AY, the
poorly maintained infrastructure thar conveys binational
sewage to the trearment plant causes trequent sewage
spills, posing scrious hcalth risk. After decades facing
these challenges, the two communitics have created net-
works of local administrations, government agencies,
MNGOs, and academics. For example, U.5.-based water-
shed modeling identified locations for flood-reducing
berms in Sonora, while in Nogales, Sonora, academics
collaborating with local government developed a compre-
hensive urban-planning project to address flooding [75].
That plan led ro local greening efforts (e.g. schools) o
decrease sediment and erosion and increase social aware-
ness [76].

Urban greenspace justice

In Tucson, Arizona, 43% of the population identifies as
Iispanic/Latino, In the southern part of the civy, the
proportion is considerably higher. There, students at a
high schonol have been working since 2018 on an urban
grecnspace justice project called Tucson Verdle pare Todos,
Green Tucson for Alll Led by University of Arizona

Current Opinion in Environmental Sustainability 2020, 44.74-54
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researchers and local nonprofit, Watershed Management
Group, the effort sceks to incrcase urban green infra-
structure and enhance resilience through the use of
appropriate technologies. The project helps control
floods, and reduces heat by providing shade, and overall
it addresses the problem of urban heat stress in low-
income, marginalized communities in a part of the city
that 15 vulnerable to loods and extreme heat [77].

Empowering women and community gardens

Since 2003 a women's cooperative, DouglaPrieta Works,
involves women from the binational communities of
Douglas, AY, and Apua Pricta, Sonora. The cooperative
engages in agquaculture, nins a community garden to help
sustain their families’ food security, and operates a sewing
cooperative to help provide household incomes. The
cooperative operates a permaculture demonstration sice
desipned o tcach familics sustainahle food-production
techniques, including gardening, aquaculture, and small
livestock raising.

Case 2: environment and conservation'”
Education

Pronatura Noroeste and the Universidad Autdnoma de
Baja California (UABC) train local women in the Colorado
Dielea region to participate in monitoring and educating
about bird populations in the Pacific Migratory Flyway. In
spring 2019, thev set up an educational tent on the beach,
designed to teach wisitors about the site’s shorebirds, and
their relationship with the fish on whose eggs they
depend. Teresita Félix, one of local stewards, said of
the project “We're educating ourselves abour the birds
and cultivating a respect for them, getting to know their
life eyele and spreading the word about what they come o
this site to do.” Shore exit surveys of visitors indicated a
new abiliey to recognize the migratory shorebirds and an
intention to help conscrve them.

Citizen science

The Sky Island Alliance works in a cluster of global
hindiversity hotspot in northwestern Mexico and the
southwestern 115, This ecoregion features isolated
‘sky-island’ mounrains, ranging from 915 t 3300 m
(300010 000+ feet). "'he Alliance’s goals—accomplished
thanks to aver 400 voluntcers from the two countrics
contributing over 12 000 hours annually—are o protect
open space, restore land and water, maintain wildlife
corridors, and advance science. 'I'wo projects are particu-
larlv related o warter sustainabilicy. As part of its citizen-
sclence programs, five tme per vear, volunteer groups
monitor the health of springs in the arid desert. And on

" Far deseriptions of the cammmnicy erganizacions cited, sce che
following Web sites (all acccsscd 26 Mov, 2009 Pronatora. Norocsoc
{htepsfprenatura-norveste.ongfes'l; Sky Lsland Alliance (hcps:fwww
slovislundulllance.org’); Big Bend Conservancy Chrtps:bigbendfoends.
orgfret-involvedfevencs), CEDO (heplcedeorgfen/home)

restoration field trips, they plant native pollinator vegeta-
tion, remove invasive species, build water saving features
with natural materials, and construct wildlife ramps for
frogs and other small wildlife to reach water.

Advocacy, fundraising, and education

A number of river-basin-protection groups have been
active in the region. One, the Friends of Big Bend/Big
Bend Conservancy was started in 1995 with a mission to
support, promote, and raise funds for two border-region
natural arcas, Big Bend MNational Park in Texas and the
Rio Grande Wild and Scenic River in partnership with the
L5, Natonal Park Service. The Conservancy has
restored some 23 ha (35 acres) of wetlands in the Park
and is restoring riparian bird habitac in a disourbed nver
site in the park. To the west, also on the Arizona—Sonora
border, Friends of the San Pedro Rive in Arizona is a
mostly volunteer, nonprofic organization dedicated to
conservation and restoration of the San Pedro river
through advocacy, education, interpretation, and field-
work. And a bic further west, Friends of the Santa Cruz
River, also in Arizona, has operated since 1991 o protect
and enhance the flow and water quality of the Santa Cruz
River, as well as the health of the riparian ecosystem that
the river supports. The nonprofit, all-volunteer group
addresses the perennial-flow portion of the river and
works with riverside landowners, government agencies,
and other citizens' and community groups to keep the
river flowing, its banks clean and green, and its environ-
ment hountiful to both wildlifc and people.

Coastal cleanup and scientific collaboration

For 40 years, the Intercultural Center for the Study of
Deserts and Oceans (CEDO), in Puerto Pefiasco, on
Mexico's Sca of Cortes/Upper Gulf of California coast,
has led the binational Arizona-Sonora region in coaseal
conservation. CEDO relies on a binational staff of a few
paid employees, and young university students and
volunteers.  Activitics include conducting  cealogical
rescarch, educating children ahout protecting coaseal
environments through binational and bilingual summer
camps, working with local fishing communities to
improve fishing practices while protecting livelihoods,
hasting  frequent  beach  eleanups, and  supporting
women's cooperatives.

Case 3: transboundary Colorado River flows
and rehabilitating the Delta region

In 2008-2009, unilateral action by the U.S tw line the
earthen All-American Canal (AAC) with conerete over
objecrions and court challenges by Mexico resulted in an
ineffective outcome, when accounting from a frawsboune-
ary perspective. The AAC is an 80-mile (128-km) aque-
duct in southeastern California that conveys Colorado
River water west to Imperial California’s Valley farms
and to nine cities. These court cases were decided in favor
of the 1.5, which viewed lining as a loss-prevention
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measure for water it saw as belonging to the U.5." alloca-
tion. Mexico viewed the lining as essentially a ‘taking’ of
cross-border seepage water that had been urilized by
farmers in the Mexicali area for over 60 vears [51]. In
ignoring Mexico’s traditional claims to the seepage water
and not involving border communitics in the decision, the
L5, satisfied only California’s needs without regard to the
impact for Mexican farmers in Mexicali [78]. However, on
the very heels of this conflict, a 2010 earthquake in
Mexicali called forth a humanitarian respaonse on the pare
of the LS. Mexico was allowed to store portions of its
Colorado River allocation in ULS, reservoirs. This tempo-
rary measure led to one of the most seriking transboundary
collabarations in the history of this border region, result-
ing in a rreaty amendment in which the LS. and Mexico
agreed to provide ‘environmental flows’ to sustain crivical
endangered wetlinds in the Colorado River Delta,
located entirely within Mexico. The amendment—
known as Minuee 319%—was in effect from 2012 o
2017 and allowed the restoration of vast swaths of the
wetland areas [B1]. Subsequently, Minute 323, which is in
effect from 2017 o 2024, institutionalizes some of the
ecological measures and provided a pathway for an envi-
ronmental trust to purchase surplus water rghts to con-
tinue the restoration effore [79, 80). The U.S.-Mexico
collaboration integrally involved formal institutions such
as the joint International Boundary and Water Commis-
sion and invoked the amendment mechanisms of the
Treaty of 1944, showing the importance of robust institu-
tions. Bur in addition to these formal hinational and
national actors, long-standing networks of NGOs, com-
munity organizations, and scientdsts played significane
roles in developing Minutes 31% and 323, leading to a
healthicr and more resilicnt ceosystem in this biodiverse
arca of the border. Many of these community-level actars
remained engaged in studying both the ceological and
social impacrs of the environmenral flow in the delra
repion,

Case 4: public health: cross-border response
to water contamination

We define water security as access to sufficient amounts
of good-qualicy water for sociery and resilient ccosystems,
for now and for the future. Even when water is available,
breaches in qualivy can arise jeopardizing warter security
and harming human health. When transboundary trans-
mission of waterborne diseases occurs, identifying the
source of contamination can become even more challeng-
ing. Luack of collaboration and sharing of information may
even result in undetected outbreaks [B1]. Trust and
collaboration berween local communities spanning bor-
ders can significantly improve the identificadon and res-
olution of these threats. The benefits of these cross-
border ties were evidenced in a binational cutbreak
investigation that took place in Arizona, [1.5., and Sonora,
MX. In 2011, the state of Sonoma identified an unusnal
number of cases of acute flaceid paralysis in San Luis Rio

Colorado (MX). At the same time, the Yuma County (AZ)
health department identified several cases of Guillain-
Barré syndrome. After laboratory testing, Canmpylodacter
Jerunt was identified as the likely pathogen. A pre-existing
binational communication system facilitated the inidal
cxchange of information and a transboundary investiga-
tion was launched. The process entailed working coop-
eratively to conduct a case-control study to identify the
source of the outhreak. Investipators assessed drinking
watcr, wastcwarer systems, and hyvdrology of the arca to
determine potential environmental exposures. They col-
lected samples of drinking water from San Luis Rio
Colorado and tested by the Centers for Disease Control
and Prevention, Data were shared berween countries on
ronting watcr-quality testing conducted in hoth citics,

Throughout the outbreak, the binarional ream acted as a
single unit and reported investigation progress jointly to
the Pan American [Health Organizadon (PATIO). While
the source of the outbreak was not absolutely derermined,
its identification and cauwsal pathogen would not have
been possible without cross-border cooperation. Public-
health officials stated that the collaborative investigation
resulted in higher-quality and more-comprehensive data
than would have been collected independently. The
local-level collaboration between the health departments
and stakeholders, including water providers and commu-
nity members, had been developed over decades of prior
collaboration on other health issues such as providing
continuity of care tuberculosis cases and other infectious
discase issucs. Even in the face of significant political
tensions; the outhreak oceurred less than a year after a
controversial Arizona anti-illegal immigradon hill, SB
1071 local-leve] cooperation and trust allowed the com-
munities to work ogether as a single unit to address the
outhreak.

Discussion and analysis

The ahave cases demonstrate examples of cross-border
public participation, adaptivicy and flexibility to respond
to changing dvnamics, and social mobilization to achieve
equitable and just ourcomes—{earures we see as critical
to community resilience {see Figure 1), Building com-
municy resilicnes, in ourn, is a slow process, mggcred by
common challenpes. It is clear that building such resil-
ience requires time and resources o maintain ir, and
constant efforts to move it forward.

The cases illustrate both challenges and successes of
community resilience in addressing many aspects of
transboundary water security, from managing urban
wastewater to enhancing environmental flows to support
habitat for migratory birds. In the Delwa and urban-efflu-
ent examples, the active participation of local communi-
tics was nccessary in order to design serategies and
approaches to meet local needs. While at times, border
issues may be formally insdtutionalized in bilateral
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agreements, such top-down approaches insufficientdy
address local disparitics of access to water and sanitation
and challenges to securing adequate financing for infra-
structure projects. Yet, cross-border cooperation on waste-
water treaunent addressed the lack of reatment capacity
in MWogales, Sonora, while also providing a heneficial use
for treated wastewater to support fiparian coosystems in
Arizona. In addition to utilizing the adaptivity and flexi-
bility of the treaty design, cross-border social networks
were a powertul driver of collaboration and facilitated
knowledge-sharing and joint planning that enhanced the
health of cross-border ecosvstems.

I'he urban warer-management and conscrvation examples
demaonstrate the importance of community cngagecment,
social mobilization, and learning accomplished through
educational programs, community garden projects and
cirizen science-based monitoring effores. These programs
also address water-access inequality by engaging marginal-
ized populations, such as women and low-income popula-
tions. Community participation in river-basin-protection
groups demonstrates the influence thar such social nert-
working and community engagement can have on fund-
raising, education, and advocacy—even in cross-border
settings. Citdzen science, environmental cleanup, and edu-
cational efforts increase local awareness ol cross-border
environmental challenges, as well as the organizations
and individuals working to address them in their commu-
nities. Networks of NGOs and community members
achicved meaningful outcomes for in coosystem conscrva-
tion in multiple transboundary rivers in the border region,
including the landmark 201 4 ecological water-release to the
Colorado River Delta. These social networking and
engagement activitics help o solidify relationships among
horder actors that poersist and grow over time, increasing
potential for future collaborative efforts.

The cxample of warer contamination and public health
demaonstrates the impaortance of establishing professional
nctwarks and information-sharing protocols in advance of
an emergency, When urban water was found to be con-
taminated, communicy participation and information
sharing was immediately initiated and was facilitated
by an cstahlished cross-border organization, Such bina-
tional institutional capacity, prearranged dara-sharing
procedures and active participation allowed [or a rapid
and more comprehensive response o an emergent situa-
tion that vwltimately reduced public exposure to water-
related health risks. These examples feature wvarious
elements of community resilience that are linked o
tangible outcomes that bolster transboundary water
SECUrity.

Conclusion: resilience and transboundary
water security

In this essay, we have employed the broad concept of
water security as a framing mode to explore the

exigencies and complicating conditions of intermational
barders. Clearly, when natural resourees or environmental
processes eross constructed borders, they face sociopoliti-
cal and economic obstacles to effective governance and
management practices. We paired this observation with a
question: Hoa does the notion of resifience help identify
sttuations with stroupr promise of coping with fransboundary
complications® Going further, we asked how resilient
institurions and communicy involvement may contribute
tno cnhancing transhoundary water scourity.

In seeking an answer, we expected to, and did see that
diverse pathways would be taken. We also anticipared
that cach pathway likely would reflect the context of the
issucs and associated community preferenees. [n o survey-
ing the literature and supplementing that exercise with
some regional case studies, we confirmed chat this conrext
featured diverse acrors—{rom cirizens and scienrtists to
NGOs and government agencies. The collective actions
of these stakeholders sometimes are formal, and at other
times informal. But those actions have in common the
elements of public participation, adaptive capacity, and
social mobilization, which taken together are critical
components of a slow process we recognize as community
resilience. We observe that such communiry resilience
needs to be nurtured and maintained and that the absence
of any of the key components can yvield insecurities such
4% water Insecurity.

To illustrate our obscrvations, we looked ar che LLS.—
Mexico border region, one of the world's longest and moste
important international boundaries. The region surround-
ing this border exhibits stark political, cultural, economic,
and administrative asymmetries. We sclected nine very
brict cases of transhoundary issucs in which community
resilicnce played a constructive role in enhancing water
security. These examples are displaved in four groupings
that reflecr diverse issuc arcas, including wrban arater
MANATEMERL, eRTiroRment and conservation, traushoundary
floms and delta rehabilitation, and public bealth and water
contantinalion.

From our look at the relationship between transboundary
water scourity and community resilicnes, wo perecive
fruicful avenues for continued probing. We don't know
enough abour the extent to which these phenomena
interact and are mutually supportive. A more nuanced
and complete understanding of these relationships will
benefit from a multi-method research approach that com-
prises both temporal and spatial investigations. Such work
may include network analysis coupled with gualitative
interviews, and surveys and participant observation across
multiple scales and issues. We see theoretical benefits to
understanding resilience and the role of governance, but
alsn practical, on-the-ground insights that can inform
policymaking, investments, institution-strengthening,
and capacity-building. Ultimately, the objective of this
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pursuit is to better communicate when and where things
work, and where the absenee of particular components of
community resilience produce water insecurities.
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