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limate change and watersupply uncertainty coupled
with mounting human
demands for water are
straining the availability and quality
of freshwater in much of the world.
These twin forces cause a palpable
rise in societal vulnerability, here considered as susceptibility to adverse effects of global environmental change.1
The vulnerability of water supplies
(or, water vulnerability) places human
communities at risk for exposure,2 or
change,3 and thereby creates huge adaptation challenges. The actions being
taken to reduce risks and capitalize on
opportunities are considered adaptation or adaptive strategies.4 The most
sensitive and vulnerable communities
are those that face the greatest exposure and are most limited in their capacity to adapt.
Rapidly growing and ever wealthier
urban populations, expanding agribusinesses, diverse industries, extensive
mining, power generation, and tourism
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often deprive water from or degrade its
quality for use by marginalized populations of smallholder farmers and the
urban poor, as well as for ecosystems
along streams, lakes, and coasts recognized as biodiversity hotspots in the arid
landscape.
The arid5 Americas—as characterized by the southwestern United States,
northwestern Mexico, north-central
Chile and Argentina, and northeastern
Brazil—manifest the just-described
challenges especially well.6 This article
focuses on two areas where our research
team has been developing science-policy adaptation strategies: (1) the Sonora-Arizona drylands shared by Mexico
and the United States (See map at right),
and (2) the drylands east and west of the
Central Andes in Chile and Argentina
www.EnvironmEntmagazinE.org

(see map, page 32). In these areas water
remains acutely limited even as drought
and flood extremes increase, ecosystems are under growing pressure, and
economic globalization drives water
demand. These global-change conditions threaten the security of access to
water. Yet the foregoing conditions prevail—with little regard for constraints
to supply, insufficient understanding of
vulnerability, and inadequate attention
to adaptive measures.7
To the extent that such problems are
attributable to human agency,8 there is
evidence that effective policies and actions can alleviate some of the harm.9
Our article describes two interactive
voLUmE 54
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Sonora-Arizona Drylands region.

networks in the arid Americas that feature scientists, agency personnel, civil
society, and decisionmakers who have
initiated a sustained effort to reduce
vulnerability and heighten adaptation
through science-policy dialogues.10 As
evidenced by engagement of high-level
decisionmakers and programmatic initiatives described in the following sections, both networks are making credible progress, although much remains
to be done. Based on our ongoing experience, at least four conditions—inclusivity, involvement, interaction, and
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influence—are essential for successful
science-policy dialogues.
The first network is a cross-border
alliance of U.S. and Mexican stakeholders.11 Over the past dozen years this binational community-of-practice has devised and helped implement responses
to climate variability, water scarcity,
loss of rural livelihoods, vulnerability
of growing urban populations, conventional-energy insecurity, and degradation of transboundary ecosystems. A
second, newer network comprises Chilean and Argentine researchers and poli-
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cymakers. These partners are diagnosing human–environment trade-offs and
complementarities, and in the process,
applying the best available science to
pressing challenges that are prioritized
in dialogue with stakeholders.
In the United States–Mexico border
area, the need for joint, that is, binational, management of shared transborder watersheds cuts across societal and
environmental concerns.12 Since the
1960s this region has experienced rapid
population growth, especially in border
cities; a spurt in the creation of assembly
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Upper San Pedro River Basin (right).

factories; large-scale agriculture; and
increased tourism. Much of the water
needed to sustain this activity has relied
on aquifers, most of those transnational.
This has occasioned steep declines in
groundwater tables, to levels well below those needed for replenishment of
streamflow, such as in the cross-border
San Pedro River, a partially protected,
biodiverse riparian corridor.13
Similarly, in the Andes (see map,
above) decreasing water supply, with
rising uncertainty under climate change,
threatens growing urban, rural, and ecosystem demands for water. In the Maipo
valley in Chile, where the capital, Santiago, is located, farmers’ water rights
have come under stress from expanding
urban water-supply needs. Across the
mountains and border to the east, the
32
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Mendoza valley in Argentina is dominated by a multimillion-dollar commercial wine and fruit industry. This
enteprise depends on water supplied via
Argentina’s most extensive irrigation
system, where agriculture and urban
development also compete for scarce
water. Glacial and snow melt from the
Andes critically affects both sides of the
mountain range.

Water Vulnerability and
Responses
Even if hydroclimatic variability—
such as drought, flooding, and other
natural phenomena—were not at play,
human-induced impacts that affect water and the environment are key conwww.environmentmagazine.org

cerns. These include historical land-use
and water-use changes caused by human settlement, colonialism, economic
development, public policies, and management regimes. Impacts are both direct (from water diversions, reservoir
impoundments, groundwater pumping,
generation of wastewater and pollution,
soil salinization, and water needs of
human-altered ecosystems) and indirect
(inequitable access to water or heightened investment in infrastructure with
inadequate consideration of longer term
consequences).14 These challenges, in
developed and developing countries
alike, heighten the need for sound
planning, effective use of information,
and anticipatory and adaptive management.15 The science-policy dialogues
we describe (Figure 3) build social and
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Central Andes region locator map and Maipo River Basin.

Central Andes region locator map; Elqui, Maipo, and Mendoza River Basins.
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Across the planet the amount of water available from
rain, snow, glaciers, or groundwater is modulated by
fluctuation over time and space in physical processes
and human activities. Additionally, since a seminal
piece by Milly et al. in Science in 2008, most environmental scientists now recognize that past climate, once
considered “stationary” (i.e., unvarying within fixed and
known bounds of extremes), is a poor guide for future
variability resulting from climate change.a
Reconstructions of more than 1,000 years of past
hydroclimatic variability, using proxy data from tree
rings along with paleolimnological and glaciological
records for many sites, confirm that precipitation and
streamflow have never exhibited stationarity. Tree-ring
data indicate, for example, extended droughts in Mexico
during the Maya, Toltec, and Aztec civilizations,b and in
Pre-Incan societies on the Bolivian Altiplano.c,d Similarly, global-circulation-model downscaling and disaggregation techniques have been refined for our regions
of interest.e And using climate scenarios, hydrologic
process models are now better able to predict the flow,
availability, and timing of surface water and groundwater. These and similar sophisticated techniques are uncovering trends that have major implications for water
management and for strategies to mitigate vulnerability
and enhance adaptation.a Over shorter—that is, annual
and decadal—periods, hydroclimatic variability in the
arid Americas is very strongly affected by the El Niño
Southern Oscillation with marked seasonal effects.f Less
widely known is the Pacific Decadal Oscillation that influences snowpack and streamflow, as demonstrated for
rivers in the Central Andes.g
Hydroclimatic extremes, typically floods and
droughts, heighten water vulnerability. In northwestern
Mexico and the southwestern United States, the North
American Monsoon brings considerable summer rains,
but observers note that past trends in summer versus
winter precipitation are changing.h Tropical cyclones
constitute a wildcard in the region’s water vulnerability;
they wreak havoc, but can be a water resources lifeline.i
At the other extreme, drought cycles appear to be intensifying with more frequent heat waves and prolonged periods of moisture stress, increasing incidence and sever-

institutional capacity to cope with current challenges, address uncertainty
and change, and strengthen globalchange adaptation initiatives—local to
transnational.
Numerous approaches—broadly char
acterized as water governance16—exist
to reconcile multiple demands for water
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ity of wildfires, and dust storms.j Heightened variability
and uncertainty of water availability in rivers and lakes
have triggered growing and generally unsustainable use
of groundwater to meet human demands. Subsurface
water in many basins accumulates from very-long-term
storage. Meanwhile, recharge processes, which are subject to hydroclimatic variability, do not keep pace with
pumping that is reaching unprecedented levels.k Access
to this sort of state-of-the-art information is crucial to effective adaptation planning and decisionmaking.
a
P. C. D. Milly, J. Betancourt, M. Falkenmark, R. M. Hirsch, Z.
W. Kundzewicz, D. P. Lettenmaier, and R. J. Stouffer, “Stationarity Is
Dead: Whither Water Management?,” Science 319, no. 5863 (2008),
573–574.
b
D. W. Stahle, J. Villanueva Diaz, D. J. Burnette, J. Cerano
Paredes, R. R. Heim, Jr., F. K. Fye, R. Acuna Soto, M. D. Therrell,
M. K. Cleaveland, and D. K. Stahle, “Major Mesoamerican Droughts
of the Past Millennium,” Geophysical Research Letters 38 (2011):
l05703, doi:10.1029/2010gl046472.
c
C. Solíz, R. Villalba, J. Argollo , M. S. Morales, D. A. Christie,
J. Moya, and J. Pacajes, “Spatio-Temporal Variations in Polylepis
tarapacana Annual Growth Across the Bolivian Altiplano (17–23°S),”
Palaeogeography, Palaeoclimatology, Palaeoecology 281 (2009):
296–308.
d
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Unravels How Water Scarcity Triggered Historic Conflicts,” Science
Snapshots 11 (2011).
e
F. Dominguez, J. Cañon, and J. Valdes, “IPCC-AR4 Climate
Simulations for the Southwestern US: The Importance of Future
ENSO Projections,” Climatic Change 99 (2010): 499–514.
f
F. J. Meza, “Variability of Reference Evapotranspiration and
Water Demands. Association to ENSO in the Maipo River Basin,
Chile,” Global and Planetary Change 47 (2005): 212–220.
g
M. H. Masiokas, R. Villalba, B. Luckman, and S. Mauget, “Intrato Multidecadal Variations of Snowpack and Streamflow Records in
the Andes of Chile and Argentina Between 30° and 37°S,” Journal of
Hydrometeorology 11 (2010): 822–831. doi: 10.1175/2010JHM1191.1
h
A. R. Coles and C. A. Scott, “Vulnerability and Adaptation to
Climate Change and Variability in Semi-Arid Rural Southeastern
Arizona, USA,” Natural Resources Forum 33 (2009): 297–309.
i
L. M. Farfán, R. Romero-Centeno, and G. B. Raga, “Observations
and Forecasts From the Landfall of Tropical Cyclones John, Lane, and
Paul (2006) Over Northwestern Mexico,” Weather and Forecasting
(in review).
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E. R. Cook, C. A. Woodhouse, C. M. Eakin, D. M. Meko, and D.
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in the context of physical and human
drivers of scarcity and vulnerability.
Systems to allocate water, assign rights,
establish priority uses, and balance human and ecosystem needs differ with
historical, political, and institutional
context. Flexibility in decisionmaking, particularly to incorporate new
www.environmentmagazine.org

information and changing priorities,
enhances adaptation. Conversely, rigid
approaches—particularly those that externalize “unintended consequences”—
tend to be maladaptive.
In northwestern Mexico and the
southwestern United States, groundwater buffers against climate-driven
VOLUME 54   NUMBER 3
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U.S.-Mexico binational technical committee meeting on transboundary groundwater,
Nogales, Arizona (2012).

ing available quantities, monitoring environmental impacts, and abating pollution have historically been the purview
of government agencies. But with rising
decentralization in both regions, businesses and communities are expected
to assume a growing responsibility to
ensure water security by minimizing social vulnerabilities and environmental
risks resulting from their operations. For
example, Mexico’s expanding virtualwater19 exports in the trade of agricultural goods bound for distant markets—
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variability in surface-water supplies for
agriculture and for urban and industrial
use.17 In some cases, fossil-water reservoirs are tapped, which is dangerous, as
the water amounts removed over periods of only a few years may take decades to millennia to be replenished.18
Nor can groundwater use be considered
adaptive when (1) declines in groundwater levels occur under excessive extraction rates and are not compensated
for by either natural hydrological or
artificially engineered recharge; (2)
groundwater-quality degradation or increased salinity is observed; (3) inequity
in groundwater access is associated with
social class (wealth, income, gender), is
spatially and regionally mediated (e.g.,
high-demand regions dewatering their
surroundings), or is temporal (i.e., intergenerational); or (4) shallow groundwater capture interferes with surface-water
bodies, with possible negative impacts
for ecosystem water requirements.
Meeting new demands for increasingly scarce water proves to be a major challenge in both urban and rural
settings, from water-resource and institutional perspectives. Private-sector
commercial activities in the United
States–Mexico and Andean regions—
especially export-oriented agriculture,
mining, and associated electric-power
generation—all require water. Allocat-

U.S.-Mexico stakeholder workshop in Tucson, Arizona (2009), on transboundary
groundwater, including U.S. and Mexican federal, state, and local officials; NGO
representatives; and researchers.
May/June 2012
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both domestic and international—will
need to be addressed by more efficient
water-use strategies, policies that fix or
reduce the total irrigated area, and establishment of groundwater-allocation
procedures that include participatory
mechanisms.
In rural areas, mining, ranching,
and agriculture are the largest consumers of water. Prolonged droughts since
the mid-1990s have intensified chronic
water shortages. In the immediate term,
diminishing surface-water supplies—
enhanced by monumental water diversion schemes dating from the early 20th
century—have been met by growing
reliance on subsurface water. But as
these fragile and nonrenewable sources
are depleted, politicians and planners
have called for new sources of water—the “next bucket.” Much attention
is being paid to desalination, which, in
spite of its high energy needs and cost,
is seen by many decisionmakers as a
potentially “limitless” water supply.20
Energy-intensive and infrastructuredependent adaptation strategies such
as desalination can have long-term
environmental consequences, even as
they alleviate water scarcity in the short
term.21 While desalination can reduce
uncertainty over future water supply,
relying on the technology alone risks
enhancing vulnerabilities related to equity and affordability of water.
environment     35
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The central Andean region similarly
faces water scarcity and allocation challenges. The Chilean water-allocation
system, for example, permanently
grants water-use rights based on minimum streamflow estimates. Under
global-change scenarios, this system’s
stability may not be guaranteed, requiring significant adaptations in how water
rights are allocated and ecological water
needs determined.22 In the Río Maipo
basin, where average precipitation is 12
inches (300 mm) per year, the reliability
of the urban water-supply system will
be severely affected. Under current conditions the failure rate is around 6 percent to 20 percent; under certain climate
change scenarios, this could increase to

equity trap: that is, near-term gains of
export-oriented agriculture trade off
against the longer term strategic value
of groundwater for multiple societal demands including urban water supply.
In the Andes, dryland river-basin
communities have developed over centuries of deliberate water-management
regimes, in which social order controls
a hostile environment through extensive
water-resources manipulation. Because
political-power distributions are aligned
with water-management structures,
communities without access to power
retain very limited control over water—
a connection that holds particularly
when global environmental-change vulnerabilities are superimposed on older

There is growing recognition that
adaptation also must consider “internal”
changes, such as those occuring within
geographical regions as a consequence of the
adaptation practices of others.
40 percent. Also, projections show that
agriculture in the Maipo basin would be
more vulnerable to climate-driven water
scarcity than the urban sector; however,
with the river as the only water source,
potable water availability to cities may
become more limited.23
In Mendoza, Argentina, transnational wine-production and export firms
arrived in the 1990s and situated their
water demands upstream of the irrigated
oases where the aquifers recharge. Relying solely on groundwater, this additional water demand has caused irreversible agro-ecological change in
the low-lying reaches of the oases,
where producers of longer standing
are located. As a further complication,
groundwater users are state subsidized
and poorly regulated. Because Mendoza’s water law dates from the 1880s,
when there was no groundwater pumping, a legal and regulatory vacuum allows for continued aquifer overexploitation. Groundwater use, in particular, is
currently caught in an intergenerational
36
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institutional vulnerabilities. In such
settings, social relationships depend on
water appropriation.
In Mendoza, equity considerations
are critical. To illustrate, indigent goat
herders—most of them descendants of
indigenous Huarpes—depend on rainfall for their grazing lands. When there
is drought, they are forced to migrate
with their herds; they simply do not
gain access to water from the irrigation system. Peasants like these herders did not obtain water rights when
water use was legislated in 1884 by
the agriculturally oriented “water tamers.” Today, scattered in nonirrigated
locations downstream of the irrigated
oases, either these groups rely on the
meager and erratic 3 inches (80 mm)
per year average rainfall and leftover
agricultural runoff or they have settled
and work for agribusinesses. As herders, they depended on rainfall; as wage
earners, their livelihood now hinges on
the river-based supply of water coming
from remote regions. But river flows
www.environmentmagazine.org

have been diminishing due to upstream
consumption and are now threatened by
climate change.
The preceding examples illustrate
the sorts of vulnerabilities characteristic of water-short regions. Given the
multidimensional nature of vulnerability, where climate interacts with many
other stressors, adaptation ought to feature in national and regional development priorities. Next, we explore ways
to strengthen adaptive capacity so as to
reduce climatic, economic, and social
exposures while simultaneously addressing physical and human drivers of
vulnerability.

Adaptation Through SciencePolicy Dialogues24
In both the United States–Mexico
and Andean cases, cross-border cooperation among scientific, civil-society,
and governmental stakeholders is critical for adaptation to environmental
change. Binational approaches to transboundary water and climate challenges
are commonly understood as responses
to “external” conditions or forces, that
is, climate change. There is growing
recognition that adaptation also must
consider “internal” changes, such as
those occuring within geographical regions as a consequence of the adaptation practices of others. Adaptation is
conditioned by capacity, which includes
adequate funding, trained personnel,
and access to and an ability to use relevant information. Further, adaptive
capacity is constrained or enhanced by
institutional context—social customs,
laws, and the roles of government agencies, nongovernmental organizations
(NGOs), and private entities. We explore capacity and institutions as important ingredients of adaptation and as
determinants of its outcomes.
We are particularly concerned with
the efficacy of science-policy networks
to increase the capacity of institutions
to mitigate potential vulnerabilities via
water management and disaster relief
and prevention. Figure 1 conceptually
contrasts conventional approaches with
VOLUME 54   NUMBER 3
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Figure 1: Conventional adaptive approaches tend to offer less robust solutions than
sustained science-policy dialogues.

the iterative, science-policy approach
of our examples. While many conventional institutions are capable of providing satisfactory adaptive responses
to incremental changes, planning for
vulnerabilities caused by extreme water scarcity or climate-related disasters
requires much stronger efforts. The
problem more often than not is lack of
capacity (funds, staff, or knowledge).
Thus, we consider science-policy dialogues an important stimulus for building institutional adaptive capacity.
To evaluate science-policy dialogues
and their effectiveness, we consider
four elements: (1) inclusivity, the degree to which key scientists, decisionmakers, and other stakeholders participate in the dialogue and represent an
appropriate range of viewpoints; (2)
involvement, the commitment and staying power of dialogue participants to
may/JUnE 2012

incorporate changes in water-resources
management; (3) interaction, the degree
to which participants discuss, assimilate, exchange, create, and disseminate
relevant information among each other
and to those outside the process; and (4)
influence, the ability of the dialogue to
effect institutional changes, such as policies, laws, interagency or intra-agency
practices, intergovernmental or international agreements, and so on.
Before characterizing and evaluating
the United States–Mexico and Andeanregion dialogues, we offer a brief assessment of participants’ own views on
the value of dialogues. The degrees of
development of the two processes are
asymmetrical: The former is more mature and elaborated than the latter. The
United States–Mexico case is noteworthy for the sustained participation of a
broad spectrum of stakeholders. And
www.EnvironmEntmagazinE.org

because of the expressly binational
character of the dialogues, involvement
of federal agencies remains high over
time while state, municipal, NGO, and
corporate stakeholders respond to specific, often-changing local challenges.
Our research team has pioneered dialogue processes to address decisionmakers’ concerns. Each of these initiatives is joined by growing numbers of
scientists interested, but poorly trained,
in stakeholder engagement.
The Andean networks have capitalized on specific “policy windows.” In
Chile, the national government’s climate policy expressly mandates robust
adaptation planning, and the dialogue
process is working to meet that need
and influence policy. The Argentinian network takes advantage of a more
formal institutional setting—the Mendoza Strategic Development Plan—but
EnvironmEnt
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“Hands off the glaciers”—Public protest brings a broad range of opinion to bear on adaptation planning, Mendoza, Argentina (2011).

as a result is somewhat constrained in
its flexibility to inclusively address all
stakeholders’ interests. Such comparative assessment of the North and South
American dialogues supports our current goal of better integrating the two.
Stakeholders representing an inclusive range of interests have participated
in the dialogues. Chief among these
are local, state, regional, and national
agency personnel, binational and international organizations, NGOs and other
civil society organizations, farmers associations, and researchers. With programmatic support from multiple U.S.,
Mexican, and international sources,25 the
dialogue process has strengthened, allowing us to convene major workshops
and meetings.26 The entire process has
involved some 30 dialogues or related
events attended by 30 to 40 researchers and some 300 different stakeholders. Our team has been less successful
in involving private-sector participants;
however, we recently brokered an urban
water governance exchange between
entrepreneurs serving on the advisory
council of the Sonoran state capital
(Hermosillo) and the Tucson water utility. We have preferred day-long, work-
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shop-style meetings, usually in Mexico,
to encourage interactions among active, working officials and stakeholders. These are often supplemented by
longer (two- or three-day) meetings of
researchers to compare findings and
strategize how best to influence policy.
Team members are directly involved in
regional drought taskforce planning,
serve on the board of state water infrastructure projects, coordinate or attend
binational collaborative programs and
technical committees, and are linked
with broader regional climate and water
initiatives.
In Chile, where the dialogue process
is more recent, the team has conducted
an annual dialogue meeting beginning
in early 2008, when our core research
team met with 70 stakeholders at an
information-dissemination meeting, fo
llowed by a dialogue attended by 25
persons. Subsequent meetings were
held with smaller groups, for example,
five researchers and a dozen stakeholders from the national water service, irrigation commission, and environment
ministry.
Since the first Chilean dialogue,
there have been notable increases in in-

www.environmentmagazine.org

clusivity and quality of stakeholder participation. Research has been presented
to Aguas Andinas, Santiago’s main
water utility, where decisionmakers
have shown interest in climate-change
impact assessment, water-allocation
system reliability, and water-sector adaptation evaluation. The dialogues have
proven seminal for developing additional studies incorporating uncertainty
in evaluating irrigation projects and future reservoir operations. Over the fiveyear process to date, technical and management studies have been generated
and are actively being disseminated.27
The process has fostered ongoing
interaction with government agencies
dealing with climate change, the development of two major science-policy
projects (one to strengthen climatechange coping capacities; the second to
develop vulnerability-assessment tools
for irrigated agriculture). In addition,
reflecting their influence with senior
decisionmakers, the researchers were
invited to present a synthesis of climate
change impacts to the Environmental
Commission of the Chilean Congress.
In Argentina, natural resources are
managed at the provincial level, situat-
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“Water is more valuable than gold,” Mendoza, Argentina (2011).

sector, and the public eager not to be
excluded from the process. Scientists
first explained water and climate issues
from natural-science and social-science
perspectives, but their primary role was
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ing governance more locally. In particular, Mendoza faces a growing waterallocation challenge that has spawned
popular demonstrations. Formal institutional arrangements do not adequately
address public concerns, particularly
those of the weaker players. For example, NGOs, students, and other stakeholders oppose a gold mine, planned for
development in the high Andes—with
implications for adjoining glaciers and
watercourses seen as common property.
“Hands off the glaciers,” “Water is more
valuable than gold,” and “No means
no,” they claim, taking to the streets to
underscore their position in dialogues.
Especially when politics are turbulent, science contributes credibility
and strengthens constructive dialogue
among parties not always willing to
negotiate. In Mendoza, natural scientists and social scientists played a cornerstone role in the 2010–2011 Mendoza Strategic Development Plan.28
This process included representatives
of over 100 local organizations to discuss developmental goals and priorities
for the region. The dialogue prioritized
water allocation and irrigated-land use,
attracting interest of state agencies,
civil-society organizations, the private

“No means no,” Mendoza, Argentina (2011).
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legitimizing and providing credibility to the process initiated by political
decisionmakers. Furthermore, social
scientists applied methods for working
step-by-step through an inclusive and
interactive planning process with numerous opposing claims. The Mendoza
Strategic Development Plan, now completed and under a new government,
also addresses land-use planning. This
historical initiative illustrates scientists’
influence in integrating the interests of
political decisionmakers and the local
community.
These North American and South
American dialogue processes are now
being linked. They are receiving programmatic support from the InterAmerican Institute for Global Change
Research (IAI), a treaty organization
sponsoring science-for-policy research
and outreach across the Americas
through networks such as those presented here. An initial hemispherewide dialogue with 30 scientists and
decisionmakers from Chile, Argentina,
Brazil, Mexico, the United States, and
Canada was held in 2011 in Los Cabos,
Mexico. This led to the conceptual de-
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velopment of AQUASEC, the IAI Center of Excellence for Water Security
(www.aquasec.org)—a pan-Americas
knowledge-brokering platform—with
further operational development occurring at early-2012 dialogue meetings in
Santiago, Chile, and Tucson, Arizona.
Synthesizing from our ongoing experience, at least four conditions are
essential for successful science-policy
dialogues:
1. Inclusivity of an integrated, transdisciplinary research team and
multisectoral stakeholder representation. Robust science for policy requires the participation of multiple
institutions with team members
who are multinational, multilingual
(in the United States–Mexico case),
and broadly interdisciplinary (especially strong on social sciences
and policy, and physical sciences
attuned to decisionmaking). Effective researchers in science-policy
networks are nonprescriptive, eager
to understand global-change conditions and context, and conduct “applied, on-the-ground” work. They
appreciate the integrated nature of
the sectors involved (water, climate,
livelihoods, land use, planning, and
especially policymaking and implementation), and understand vulnerability and adaptation. Decisionmakers who attend commit time
and often travel, predisposing them
to learn and engage with researchers. Other characteristics we have
observed include amenability to bi(or multi-) national approaches and
solutions; willingness to express
views orally and in response to surveys; ability to partition dialogue
participation from overt political
imperatives (given changes in personnel, government, and policy);
and finally, willing to dispense with
protocol, meet informally, and meet
without official sanction.
2. Involvement and commitment of an
array of stakeholders, particularly
agency staff, civil society representatives, and, increasingly, the pri-
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vate sector. An essential ingredient
is building trust. Dialogues are most
effective when scientists pursue
open and participatory biophysical
data collection and modeling, and
when decisionmakers eschew their
own preference for predetermined
outcomes.
3. Interaction and information exchange with the dialogue process.
While there exist no off-the-shelf
approaches, researchers develop
initial agendas and seek input from
other scientists, often in other countries. The in-country hosts responsible for organizing the dialogue
see to political sensitivities. Meetings usually involve a few policyrelevant scientific presentations,
with programmatic remarks by officials, followed by open, moderated
discussion. Staff members, usually
advanced graduate students, take
extensive notes. Recent innovations have involved administering
brief surveys with results transmitted immediately, and seeking feedback on scientific work and outputs generated jointly with and for
decisionmakers.
4. Influence on the capacity of institutions and policy outcomes. Operational-agency staff members greatly
expand their professional networks
through the science-policy process
and in many instances gain access
to cutting-edge science. Conversely,
the process also allows scientists
working on policy-relevant research
to “get it right” by communicating
their results to decisionmakers.
Furthermore, the dialogue process
also supports training of graduate
students and junior professionals
within agencies, for example, at
week-long capacity-building events
run by scientists from world-renowned research institutes. The mutual exchange of scientific information and decisionmaking priorities
allows both researchers and stakeholders to enhance understanding
and capacity to respond to globalchange challenges.
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Policy Outcomes
Processes do not lend themselves
easily to metrics, yet we can identify
numerous achievements stemming
from our efforts. For example, we believe open meetings since 1998 on the
San Pedro contributed to the creation
of the Upper San Pedro Partnership,
which continues to function and is officially recognized by the U.S. federal
government as the party responsible
for maintaining sustainable use of the
aquifer. The team tried, beginning in
2002, to spur the creation of an analogue, bottom-up watershed council in
Mexico, but internal politics—specifically, the influence of the copper mining industry—inhibited this process.29
Relatedly, the University of Arizona’s
long involvement in groundwater issues
in the cross-border San Pedro and Santa
Cruz Basins was a factor in the establishment of the United States–Mexico
Transboundary Aquifer Assessment
Program30 (TAAP), resulting in the
commitment of funds by the Mexican
federal government (via CONAGUA,
Mexico’s national water commission,
and CILA, the Mexican section of
the International Boundary and Water
Commission).
The dialogues have also prompted
the establishment by the Mexican national meteorological service (SMN) of
a regional climate center for the northwest. Top SMN officials were active
participants of dialogue meetings and
workshops from 2005 to 2010. The
team is hesitant to claim that its work
has raised awareness among Mexican
water managers of the importance of
considering long-term climate change.
But their willingness to attend dialogues, coauthor papers with us,31 and
invite us to serve on steering committees for professional meetings and as
resource persons for national and global
climate action programs all demonstrate
policy influence.
In the Andean case, outcomes have
included (1) ongoing interaction and
collaboration with government offices
dealing with climate change. These
South American agencies appear to be
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more disposed to adaptation initiatives
than those in the United States–Mexico
case, in part because disappearing glaciers as a manifestation of climate
change in the Andes have greater symbolic value than the “creeping crisis” of
drought as the principal challenge for
the United States–Mexico region we
consider; (2) development of two major
projects to strengthen capacities to cope
with climate change has develop tools

initiatives pursued by other researchers
and stakeholders.
Our experiences in North and South
America have shown that sciencepolicy dialogues hold considerable potential for informing and influencing
climate-related water-management decisions. With a suitable mix of talented
and context-sensitive scientists, earnest
and open-minded interlocutors from the
policy sector, and a carefully thought

Processes do not lend themselves easily
to metrics, yet we can identify numerous
achievements stemming from our efforts.
for vulnerability assessment in irrigated
agriculture with the participation of the
private and public sectors on the projects’ executive boards; (3) an invitation
to present a synthesis of climate-change
impacts to the Environmental Commission of Chile’s Cámara de Diputados
(Congress); and (4) a public-policy
paper on the relevance of uncertainty
assessment and the incorporation of climate-change projections for the evaluation of future reservoirs, several extension publications, and presentations to
raise climate-change awareness in the
agricultural community
In general, we find that important ingredients of policy impact include: (1)
participation of top, director-level, officials; (2) participation of, and ongoing
communication with, senior, deputy-director-level, staff members responsible
for program implementation; (3) wordof-mouth transmission from attendees
to superiors, colleagues, and constituents; (4) press coverage; (5) jointly authored publications; (6) presentations
at conferences, professional meetings,
workshops, and so on; (7) securing externally funded, joint, multinational research that broadly benefits researchers
and stakeholders, and thereby supports
adaptation planning; (8) promoting future exchanges of students and personnel; and (9) lateral linkages with allied
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out and well-designed process, relevant
scientific findings can find their way
into real-world situations.

Conclusions and Broader
Relevance
We examined two arid regions in the
Americas, reviewing key challenges for
adaptation to water-related risks caused
by physical and human forces. For the
North American and Andean cases presented, as elsewhere, hydroclimatic
variability and water vulnerability are
both physical and social in nature. Accordingly, water decisionmakers and
administrators should be encouraged to
include social and economic considerations to promote equity and accessibility of adaptation support.32
In water and climate forecasts, we
note that further attention is needed to
consider more adequately the full palette of possible future extremes and
reflect complex social and economic
developments and changes in public
behavior. Improved adaptation planning and outcomes can be gained from
funding at higher and more reliable levels for operational agencies, enhanced
interagency coordination, awareness
campaigns, knowledge exchange, and
capacity building.33 Based on the exten-
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sive experiences of the research teams
in the southwestern United States and
Mexico, and the still burgeoning process in Chile and Argentina, we find
that approaches that feature functioning
science-policy dialogues are well positioned to benefit from new scientific
developments and social-science-based
approaches.
Our examples suggest that institutions tasked with adaptation to water
risks may gain a comparative advantage
by fostering communities of practice
with scientists and stakeholders. Close
collaboration among all concerned parties can be strengthened via the sort of
dialogue process we have described.
The resulting partnerships tend to foster proactive, integrated responses to
sustainable resource governance and
thereby lead to enhanced adaptive capacity and outcomes. The approach we
describe draws fundamentally from but
goes beyond traditional strategies that
favor hydroclimatological sciences,
infrastructures, and technologies to address vulnerabilities and strengthen water security.
Most scholars and observers agree
that the world’s dryland areas share numerous risks associated with growing
demand for water in the face of largescale environmental change.34 The examples we have explored include both
developing and developed economies.
And while context will always determine specific challenges, we believe
that science-policy dialogues that aim
to address vulnerability and promote
adaptive capacity can be designed to
improve environmental decisionmaking
in most settings.
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