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Abstract: Water resources in historically water scarce regions such as Arequipa, Peru are vulnerable to
changing conditions. Population growth and climate change are projected to be major threats to water
availability in the region, while urban growth, informal mining, and agriculture threaten water quality.
To address these concerns and others, the Arequipa Nexus Institute for Food, Energy, Water, and the
Environment (the Arequipa Nexus Institute) was formed as a collaboration between Purdue University
and the Universidad Nacional de San Agustin to address key challenges to a sustainable future for
Arequipa through research. In this work, a vision for water-related extension programming in Arequipa was
developed through three phases of data collection. Phases 1 and 2 involved semi-structured interviews and
focus groups with agency personnel, community leaders, and farmers in Arequipa. The water education
needs of stakeholders that could be addressed by water and environmental extension programming were
identified. In Phase 3, a workshop of researchers from the Arequipa Nexus Institute used the data and
their knowledge of institutional capacity to identify opportunities for the Institute to serve as a boundary
organization facilitating communication and collaboration between scientists and stakeholders to support
water extension and engagement in Arequipa. Water resources extension services provided by this
boundary organization would include education about water quality, water allocation, and water use, as
well as providing resources to improve public participation in water management. Water extension services
could be part of a cross-cutting extension initiative within the Arequipa Nexus Institute, which would be
responsible for accumulating research data and connecting them to both formal and informal stakeholders.
The dual training nature of the boundary organization will serve to both increase public understanding of
water concerns and the capacity of information generators in the university and agencies to engage with
the public. This study is unique in combining both sides of the boundary (community needs and scientists’
perspectives) in developing the vision for this extension programming.
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opulation growth in the tropical Andes,
particularly in urban centers, is projected

to put additional stress on regional water

increased need for water for domestic, agricultural,
and industrial uses.
In addition to local environmental concerns,

resources by increasing water demand (Buytaert
and De Bie¢vre 2012) and negatively impacting
water quality (Wang et al. 2008; Liyanage and
Yamada 2017). From 1993 to 2017, the Department
of Arequipa has grown by more than 50%, reaching
a population of approximately 1,383,000 (INEI
2017a; 2017b). Of those, 1,268,000, or 92%, were
living in urban areas in 2017. These increases led to
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climate change is projected to have several
impacts in the tropical Andes and act as a threat
multiplier in an already stressed region. Vuille
et al. (2003) found some decreases in secasonal
precipitation in southern Peru since the 1950s,
a trend that is expected to continue (Urrutia and
Vuille 2009), reducing water availability in some
locations during the rainy season. A decrease
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4 Research Implications

 Identified need to develop capacity for
public participation in water resources
management in Arequipa, based on
understanding of both community needs
and scientists’ perspectives.

* A boundary organization can facilitate
communication and collaboration between
scientists and stakeholders, supporting
end-user participation in water governance.

* The main goals of this organization should
be bi-directional to support stakeholders
while also informing a culture of applied
research. This organization would increase
the capacity of information generators at
the university and agencies to engage with

\_ the public. )

in water availability will be compounded by
increased evapotranspiration as a result of higher
temperatures (Buytaert and Beven 2011). In
the Peruvian Andes region, glaciers provide the
majority of dry season flow in many watersheds
(Viviroli et al. 2011) and have been greatly reduced
inrecent decades (Racoviteanu et al. 2007; Silverio
and Jaquet 2012).

These changing social and environmental
conditions mean that local ecological knowledge
is less able to support water management decision-
making than in the past (Popovici et al. 2020a).
Though many farmers have made efforts to adapt,
smaller rural and upland communities often do
not have the resources or knowledge to utilize
the newest information or technology to make
effective water management decisions.

The term extension education dates to the mid-
1800s, and here we use it in the broad sense to refer
to any program of continuing education whose
purpose is to share applied, practical information
to adult populations (Wu et al. 2011; Prokopy
et al. 2017). Extension education has its roots
in agricultural extension programs centered on
farming practices for smallholder farmers, but here
we are specifically exploring programs that help
with water management decisions in water scarce
environments. Although increased knowledge
does not always lead to behavior changes, Dean
et al. (2016) and Bowe and van der Horst (2015)
found that increased knowledge can increase
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adoption of water-saving and pollution-reduction
behaviors by farmers and homemakers in water-
scarce environments.

Globally, there are many different models of
extension, depending on the institutional home
of extension networks and centers; extension
can be tied to public universities, federal or
regional government, or the private sector or non-
governmental organizations (Prokopy et al. 2017).
All models provide technical information in some
way, although the method andreach of these services
vary. In the U.S. land grant model, extension is tied
to public universities, with extension serving as a
bridge between university research and community
needs (Prokopy et al. 2017). This structure has
evolved over time, and increasingly, university
extension serves as a boundary organization where
scientists and citizens can exchange information
needs and techniques to develop new knowledge
and management tools together (Cash 2001;
Guston 2001). Boundary organizations are entities
that facilitate communication among multiple
stakeholder groups (including scientists and
citizens) and are considered important in generating
effective solutions to pressing environmental issues
(Cash et al. 2003; Beier et al. 2017). Prokopy
et al. (2017) provide multiple examples of the
potential for extension boundary organizations to
create community-driven approaches to improve
community climate resiliency through regional
technical advisors that provide technical help,
resources, and educational programs to inform
decision-making.

The purpose of this paper is to evaluate the
requirements and provide a vision for a boundary
organization to inform applied water-related
research and to extend research results and
water resources information to institutions and
communities in Arequipa, Peru. To address this
goal, we looked at both sides (community needs
and scientists’ perspectives) in developing the
vision for this extension programming by asking
the following two questions:

1. What water-related information do local
populations and agencies need access to that
they currently do not have to make water
management decisions? (i.e., What are the
unmet needs of stakeholders?); and

2. What is the current institutional capacity
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(agency and university) in Arequipa for
conducting research and supporting water
resources extension programming?

We then discuss how a new boundary
organization could fit within the context of current
water governance and research in Arequipa. This
vision evolved through a three phase, iterative
process between extension experts and university
personnel in the U.S., collaborators at the
Universidad Nacional de San Agustin (UNSA),
and stakeholder input.

Background

The Arequipa Nexus Institute

In 2018, UNSA partnered with Purdue
University, a land grant institution, to establish
the Arequipa Nexus Institute for Food, Energy,
Water, and the Environment, a multi-year, multi-
phase technical cooperative agreement that will
progressively transform UNSA to a regional leader
in sustainability and resilience thinking through
collaborative research and technical development
programs. The Arequipa Nexus Institute’s
mission includes building university capacity and
collaborations needed to address key challenges to
create a sustainable future for Arequipa. Research
focuses around five centers established at UNSA
in 2020 and overseen by UNSA administrators
— Sustainable Watershed Management, Soil
and Water Quality, Social Sciences and the
Environment, Agricultural Innovation and
Demonstration, and Sustainable and Adaptive
Energy Systems — designed to support UNSA and
its mission.

Current Regulatory Structure in Arequipa

In Peru, prior to 2009, water was managed by
separate sectors. Water governance fell primarily
under the Ministry of Agriculture, which loosely
collaborated with the Ministries of Health and
Defense (Budds and Hinojosa-Valencia 2012;
Pérez 2016). These three Ministries did not work
together in a coordinated way. The Water Resource
Law of 2009 codified the idea of integrated water
resources management with support from the
World Bank and Inter-American Development
Bank (Congreso de la Republica 2009), which
shifted water management from being directly tied
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to agriculture to explicitly representing other water
use sectors. Specifically, the Water Resources
Law of 2009 prioritizes water allocation by sector
according to the following hierarchy: 1) protecting
biodiversity, 2) domestic use, 3) agricultural use,
and 4) industrial use and mining. It also defined
the river basin as the primary unit of management,
within a decentralized national authority. Currently
there are 29 river basin units in Peru. River basin
councils (los Consejos de Recursos Hidricos de
Cuenca) are being established, which include
regional representatives, as well as members of
smaller, local groups. The river basin councils
have round table discussions to deliberate and
make water resources decisions. Thirteen of the
29 councils are already in place (August 2020),
including one in the Quilca-Chili basin in the
Arequipa Department.

The National Water Authority (ANA), which
is under the Ministry of Agriculture, is the
“decentralized national authority” for water
management. The Administrative Water Authority
(AAA) and the Local Water Authorities (ALA) are
entities under the ANA. The AAA and ALA do
not have any power to make local rules, as they
are set centrally by the ANA. However, the AAA
creates water resources plans for local river basins
with the assistance of the river basin council. ALA
offices implement the plans locally, disseminate
information regarding ANA regulations, and help
answer questions related to water management
from citizens. Additionally, other groups have
their own authority over water at some capacity.
For example, the Autonomous Authority of
Majes (AUTODEMA) was created to develop
the Majes Irrigation Project and is now primarily
in charge of management and maintenance of
its water infrastructure, including collecting,
storing, treating, and delivering water from the
Colca River to the Majes Irrigation Project. Water
users’ associations and irrigation commissions
are private, non-governmental organizations that
operate based on fees from producers. A water
users’ association may oversee several irrigation
commissions, which then work with land-owners.
Urban water provisioning and treatment are the
responsibility of the Potable Water and Sewage
System Service of Arequipa (SEDAPAR), part
of the National Superintendence of Sanitation
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Services (SUNASS). Through a unique public-
private agreement between the Cerro Verde mine
and the provincial municipality of Arequipa, Cerro
Verde constructed and operates the wastewater
treatment plant “La Enlozada” for municipal
waste, and in exchange, on average about one half
of the treated water (1 m?/s) is diverted for use by
the mine (ANA 2020; ICMM 2020).

Current Extension Programming in Arequipa

While U.S. land grant universities have a three-
part mission for research, teaching, and extension,
Peruvian public universities have a four-part
mission. These four missions include education,
research, extension, and social projection. Social
projection refers to university participation in
the resolution of problems and proposals for
societal development, among other activities.
Multiple forms of extension programming are in
use at UNSA, including expert presentations and
training programs, both in person and utilizing
the campus television and radio stations. Such
methods of delivery are often preferred; written
training materials are limited since much of the
target population may not be literate, and in-
person demonstrations require extensive travel to
remote locations. However, despite a mission and
experience with extension programming, UNSA
currently has limited capacity to transform its
science into terms that people can understand to
support societal development. Similarly, many
local and regional agencies have an interest or role
in developing water-related extension materials,
with mixed success. The 2009 Water Resources
Law establishes the principle of public participation
that requires the ANA to create mechanisms for the
population to participate in decisions related to the
quantity, quality, and opportunity for use of the
water, and to strengthen water users’ associations
(Congreso de la Republica 2009). However, no
specific extension programs led by the ANA have
been identified.

The National Meteorology and Hydrology
Service of Peru (SENAMHI) maintains a station
network tomonitormeteorologicaland hydrological
data. They also conduct internal research and
develop many products, including gridded weather
station data, analysis of El Nifio/La Nifa climate
extremes, and analysis of ecological zones. They
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have created K-12 outreach materials related to
climate change and El Nifio. These materials are
available online and in print, although in some
cases they must be purchased, and they reportedly
have some programs for farmer outreach.

At a more regional level, AUTODEMA is
involved in the economic development of the
Majes region. They conduct internal research and
use different methods of extension delivery to help
farmers increase farm profitability. For example,
AUTODEMA worked together with the water
users’ associations to develop pamphlets with
information on calculating growing degree days for
some crops. They have also developed an online
tool to estimate irrigation water requirements for
specific crops.

Methods

This work involved three phases of qualitative
data collection. In Phases 1 and 2, semi-structured
interviews and focus groups with agency personnel,
community leaders and farmers in Arequipa
allowed direct questioning regarding the unmet
needs of stakeholders and the institutional capacity
of agencies to support water and environmental
extension programming to address our two
primary research questions. These qualitative
data collection approaches are appropriate as
they allow the collection of a high level of detail
from which to gain insight into experiences based
on context (Hammarberg et al. 2016). In Phase
3, a workshop of researchers from the Arequipa
Nexus Institute used the data and their knowledge
of institutional capacity to identify opportunities
to facilitate communication and collaboration
between scientists and stakeholders to support
water extension and engagement in Arequipa.

The initial research phase consisted of 139 semi-
structured interviews conducted in 2018 and 2019
with agency personnel and farmers in the districts
of Caylloma, Lari, Yanque, Cabanaconde, and
Majes in the province of Caylloma, Department
of Arequipa, Peru. As described in more detail
by Popovici et al. (2020a), a purposive sampling
strategy was used to select interviewees from
key organizations involved in water management
(Ritchie et al. 2014). Snowball sampling was used
to identify additional people and organizations
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to interview based on the information collected
in previous interviews, until data saturation was
reached (Fusch and Ness 2015).

Phase 2 focus groups were conducted in 2019
by members of the Sustainable Water Management
(SWM) team of the Arequipa Nexus Institute. A
total of eight focus groups were conducted with
agency personnel and farmers, including five in
the rural districts of Lari, Yanque, Cabanaconde,
Chivay, and Majes, and three with different agency
audiences in the city of Arequipa. Attendance
ranged from one to 40 participants, see Popovici
et al. (2020b) for details. During the focus groups,
SWM members reported the research findings they
had obtained through semi-structured interviews
and presented a preliminary set of research ideas
to support development of tools for water and crop
management. These tools included calculation
methods for estimating crop water use and irrigation
scheduling; fact sheets on 30-year historic climate
trends; information on regional crop quantities,
growth stage, and water use using remote sensing;
and water quality testing kits.

Researchers from the Arequipa Nexus Institute
for Food, Water, Energy, and the Environment
who are investigating topics related to water issues
in Arequipa convened for a two-day workshop
on August 1 and 2, 2019. In this workshop,
approximately 40 researchers discussed needs
to support diffusion of water and environmental
management information in Arequipa, Peru.
Content for the workshop included presentations
on recent research on water governance and
community needs in Arequipa based on the
semi-structured interviews and focus groups to
provide a common basis of understanding. A
trained facilitator led the large group discussion
on the target audience for extension programming,
appropriate programming structures for Arequipa,
and methods of delivery. In addition, participants
could opt into a specific small group discussion
with a defined purpose, including extension
support needs (financial/intellectual/staffing),
funding models, advantages and disadvantages
of physical centers, and centralized delivery.
Volunteer bi-lingual facilitators encouraged and
re-directed discussion and note takers participated
in each small group break-out section to help recap
key discussion points.
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Results

Stakeholder
Information

Needs for Water-Related

It is clear from interviews and focus groups
that water scarcity is felt by farmers throughout
Arequipa. Additionally, there are issues with
proper use of irrigation, whether it be by over-
irrigating or lack of knowledge of how to best
implement irrigation technology to meet specific
needs. Many people believe that water quality is a
concern, both from an agricultural and a domestic
use perspective. However, some would almost
rather not know the quality of their water, for fear
of knowing about a problem that they have no
control over. Nevertheless, participants in focus
groups consistently expressed interest in products
that will help to establish risk and best practices,
including: information about drinking water quality
standards and impacts to human health, a system
to communicate water risks to the public using a
phone app, and methods for testing irrigation water
quality and understanding the limitations of use.

Farmers in traditional high-altitude farming
communities such as the Colca Valley are
experiencing  numerous  biophysical  and
socioeconomic changes that influence their water
information needs. Because of the proximity to
glaciers (Buytaert and De Biévre 2012) and more
extreme increases in temperature predicted at higher
elevations (Bradley et al. 2006), rural and upland
indigenous communities are most vulnerable to
climate change impacts. Some of these impacts
have already been seen; for example, there are
reports of small springs drying up and changes
in crop performance. It is sometimes unclear if
these changes are due to climate change, human
influence from mining, or other infrastructure
developments.

In addition, the current generation of workers
are becoming more individualistic, and have less
of a sense of helping others in their community
(Popovici et al. 2020a). People are migrating out
of the Colca Valley into larger cities like Arequipa
to find work, and many have multiple jobs. These
factors contribute to a less informed population.
For example, they do not have time to attend
irrigation commission meetings and become
informed of water management policies and their
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rights in the new integrated water management
system. ANA staff also told us that when they
travel to communities to schedule training, there is
a lack of participation, but they attributed it to lack
of motivation from farmers. The need is perhaps
greater than ever, but the current training does not
accommodate changing lifestyles.

Across all focus groups, a recurrent theme
was whether the participants had the knowledge
necessary to use the products being discussed. For
example, local farmers in Majes expressed interest
in testing water sediment load themselves, but at
the regional level, agency staff had little confidence
that this was possible. For example, one agency
representative said:

“De nada me sirve a mi llegar con mis

unidades de medida, mis cases y todos mis

métodos de investigacion, si el agricultor
no me va a captar absolutamente nada de
lo que yo le estoy diciendo.” Translated:

“It is useless for me to arrive with my units

of measurement, my containers and all my

research methods, if the farmer is not going
to retain absolutely anything that I am telling
him.”

Focus group participants cited low literacy as
a major barrier to use existing data and concepts
above the level of what farmers understand from
their experiential training/learning. For example,
another participant said:

“Se han hecho muchas capacitaciones, se

han repartido folletos, boletines, graficos,

fotos, pero agricultores que si lo han captado
por el nivel de alfabetizacion.... Entonces,
es complejo la situacion... ha traido mucha
problemdtica.” Translated: “Many trainings
have been carried out, brochures, newsletters,
graphics, photos have been distributed, but
farmers have understood it up to the level of
their literacy... So, the situation is complex ...

it has brought a lot of problems.”

In many cases it was felt that local community
members need basic education on the topic areas
but may never use decision support products
themselves.

Institutional Capacity to Provide Water-Related
Information

Participants in the workshop shared that
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research at UNSA has historically been siloed
with little collaboration between professors or
with people in the community. As a result, the
research undertaken does not necessarily meet
the needs of the country and the people impacted
are not receiving research results. UNSA does
not have the capacity to transform their science
into terms that people can understand to support
societal development. To move toward impactful,
collaborative research, UNSA looked to develop
partnerships  with  established, collaborative
research universities, experienced in translating
research to application, such as Purdue University.
UNSA would like to coordinate their research so
that they can better deliver information to citizens.

Many workshop participants had ties to
agencies in Arequipa and corroborated what was
found in focus groups. Local and regional agencies
have developed online products to help users
make water management decisions. A common
theme across focus groups with regional and
municipal agencies was that they wanted support
to generate products themselves. So, although the
agencies are information generators and extension
providers themselves, they are also stakeholders
who could benefit from educational programming.
For example, they expressed interest in receiving
training to run hydrology and hydraulic models,
rather than receiving analysis products from
research groups. As one focus group participant
said:

“O sea, la herramienta existe, mds que el
modelo lo que necesitamos es un poco de
capacitacion para que haya mds gente que
pueda tener la idea de como se modela y
como se planifica.” Translated: “In other
words, the tool exists, more than the model
what we need is a little training so that there
are more people who can have the idea of
how to model and how to plan.”

However, there was also a large sense of
frustration expressed on both sides regarding
the ability of agencies to share information with
their target populations. For example, farmers
expressed that a tool to predict irrigation water
needs would be useful, but we learned through
the agency focus groups that AUTODEMA
developed a similar tool and tried to promote it
through workshop training, but farmers have not
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adopted it. It is unclear if the tool did not meet
farmer needs, if the training materials were
poorly suited to the audience, or if it was the
wrong audience (targeting the farm owners rather
than the irrigation operators, for example (see
e.g., Erwin et al. in review)).

Representatives from the ANA, AUTODEMA,
and water users’ associations all had examples of
challenges in distributing pamphlets, training, and
tools with farmers and expressed interest in help
with outreach materials. Agency personal admitted
that:

“...el problema es la difusion de esta

informacion, o sea, hay material de arnos

atras que hasta ahora no se logra difundir,
no logramos, o AUTODEMA como entidad
no logra llegar al agricultor.” Translated:

“...the problem is the dissemination of

this information, that is, there is material

from years ago that until now has not been
disseminated, we have not succeeded, or

AUTODEMA as an entity has not managed

to reach the farmer.”

The ALA and water users’ association offices are
understaffed and do not have sufficient resources
and appropriate training to support communities
with a local presence. Another limitation of
agencies is the frequent leadership changes which
minimizes continuity in outreach programs.

In addition to the outreach, another challenge
may exist in the creation of the products
themselves. Multiple times in focus groups and
interviews we heard that the SENAMHI was
working on related products, but they did not
meet user needs or were not readily ‘shared’ with
users. For example, products included regional
gridded climate data that were at too coarse a
resolution for decision-making, compiled extreme
weather information that did not incorporate
predictions of risk, and projections that did not
have consumer confidence. Other complaints
included difficulty in accessing data products,
access fees, and low quality control. It seems
that some of these products could benefit from
a boundary organization that could facilitate co-
production of the products to better address user
needs. Co-production refers to the joint creation
of information and collaborative decision-making
(Djenontin and Meadow 2018).
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Discussion: A Vision for the Boundary
Organization

Based on findings from existing programming,
stakeholder needs, and institutional capacity, it
was determined at the workshop that there is an
opportunity for a boundary organization to provide
water resources extension services in Arequipa.
This boundary organization could be created
through the development of an extension hub that
operates through the Arequipa Nexus Institute.

The Hub’s Role

At the workshop, a broad discussion was held
of the different target audiences in Arequipa and
the types of programming that are appropriate. It
was agreed that a boundary organization needs
to support the differing needs of both informal
and formal actors. Formal actors include national
and regional agencies, such as the SENAMHI,
AUTODEMA and ANA, and the university,
while informal actors include farmers, individual
communities, and community groups, such as
irrigation commissions, livestock and product
associations, women’s groups, and water users’
associations. The type of information needed by
informal actors varies depending on the geographic
location, level of wurbanization, and income
generation methods, among others, but will include
training and information to support personal water
management decisions, such as when irrigation
water is safe to use. Formal actors can consult with
the boundary organization to guide their applied
research initiatives and learn how to effectively co-
produce information products and tools.

During the workshop, different extension
models were discussed involving different primary
information generators and different information
distributors. It was expressed that information
distributed by a university-affiliated organization
would be perceived with higher validity by the
end users than information from agencies. Given
distrust of government agencies, and past inability
of agencies to allocate resources to community
education, a university-affiliated extension office
may be more effective at working directly with
community level organizations.

The Arequipa Nexus Institute is uniquely
poised to fill the current shortcomings of extension

JOURNAL OF CONTEMPORARY WATER RESEARCH & EDUCATION



Addressing Water Resources and Environmental Quality Programming Needs in Arequipa, Peru 8

education in Arequipa. As a part of UNSA, a
public institution, it can simultaneously interact
with high level agencies, businesses, not for profit
organizations, and local populations, and it has also
already begun to deepen its relationship with many
institutions. However, to function as a boundary
organization, the extension hub would need to
expand the Arequipa Nexus Institute’s current
efforts of research and innovation to include
extension as an additional role. This extension hub
would be cross-cutting throughout the Arequipa
Nexus Institute, addressing aspects of all five of
the established Nexus Research Centers.

This relationship would function by UNSA
(including the Arequipa Nexus Institute)
generating new information from current research
(Figure 1). This information could be passed to
the water extension hub to be shared with formal
institutions (agencies) at both regional and local
levels as end users for in-house decision-making.
However, these agencies are also substantial
generators of information. This audience would
benefit from training and consultation provided
by the extension hub on Ahow to co-produce and
disseminate information and products themselves
to better meet the needs of target audiences.

By allowing the extension hub to be an
intermediary of information, data and research
generated by UNSA and agencies can be evaluated

_ A, oo,
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for applicability before being shared with end users.
The extension hub can play the role of transforming
information into a form that stakeholders can
understand and facilitate the relationship between
content generators and end users. Products can
be distributed directly from the hub, through
agencies such as AUTODEMA that are equipped
for extension, but also through existing local users’
groups and organizations, which can provide a
targeted method of reaching individuals.

Extension Hub Needs

As described above, a bi-directional boundary
organization can help to translate generated
information into useful tools, trainings and
products, and to guide future directions of inquiry.
The primary need is to build the capacity to co-
produce water management products between
UNSA, agencies, and society to allow Arequipa
to fully embrace the integrated water management
approach mandated by federal law. A new
boundary organization would greatly benefit from
staff trained in social science techniques who
can provide training and resources on increasing
participation in integrated water management.
In addition, there is need to increase capacity for
extension within the water agencies, and increase
access to hands-on training programs.

N N
_ A2 ANA i
:"'slénamni § m
o . = .
Agencies Society

Boundary Organization Intervention

Figure 1. The situation of the Water Resources Extension Hub as a boundary organization that closes the gaps between
researchers in the university, information generators in government agencies in Arequipa, Peru, and society.
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* Responsible for accumulating research data
* Responsible for connecting research to communities

* The Arequipa Nexus Institute can be home for this organization

* Involve stakeholders in decision-making
e Use stakeholders to help identify community needs

¢ Facilitate local co-production of information and tools

¢ Central physical extension office with smaller satellites
« Staff to include water experts plus social scientist and extension specialists

e Virtually expand reach to students

* Incentives for faculty to create applied research

* Supply funding for extension-related expenses

* Develop a pipeline for new experts by funding graduate students and fostering
student-mentor relationships

* Reward faculty time and effort needed for research and mentoring

Figure 2. Recommendations for needs to develop effective extension programming were identified at the two-day
workshop. These include the creation of a boundary organization with a bi-directional function, a dedicated office and
staff, and incentives and academic support for faculty to develop applied research.

To create the research pipeline to support an
extension program, it is necessary to continue
to develop internal university incentives and
infrastructure for applied research and to increase
collaboration between the university and water
agencies (Figure 2). Research projects should
be developed involving UNSA students who
can use the research to work toward their theses.
This mentored development of research products
involving faculty and students working together
is not the norm at UNSA. Although research
theses are required at the bachelor, professional,
and graduate levels, there is no formal support
or supervision of this research. There should be
a reliable graduate student funding source, as
these students are the basis of research in many
places. Support for developing advisor-student
relationships is needed to create reliable research
that is carried out by graduate students. Lines of
research need to be defined to have clearer goals
based on the five Nexus research centers. An
extension hub can develop research capacity by

UCOWR

helping to identify research needs that are relevant
to local communities, in addition to translating
research results to make them understandable for
lay people.

Participants in the workshop voiced support
for both physical, in-person programming and
virtual models, both of which have benefits and
drawbacks. Physical centers have more value
for locally relevant hands-on learning and local
access, and the visual presence will increase
awareness of the center. On the other hand, virtual
centers provide a broader reach, especially in a
geographically diverse region such as Arequipa in
which travel can be difficult. In addition, virtual
centers are less costly to start up, and can better
reach new audiences (Dromgoole and Boleman
2006). An OECD survey of virtual learning has
shown that almost a quarter of adults in Latin
American countries who wanted to participate
in training were unable to, but new technologies
may provide new opportunities to engage adults
who find traditional in-person training difficult to
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access or ineffective. However, it was also found
that in Latin America virtual adult education
tended to reinforce and potentially amplify
existing knowledge gaps, with more educated
individuals more likely to benefit. Given that
the proposed extension hubs will have two types
of stakeholders, both trained, agency personnel
and untrained community members creating a
model that combines physical centers and virtual
information seems desirable in Arequipa (OECD
2021).

Conclusions

There is a great need to develop capacity for
public participation in water resources management
in Arequipa to support management decisions at
all level and scales. The 2009 Water Resources
Law charges the ANA with the goal of creating
mechanisms for public participation in integrated
water management, but this service has not yet
been implemented. Similarly, other agencies and
university researchers are developing research and
services that may help communities, but they lack
the resources and knowledge to engage with these
communities and provide training and resources
that will be utilized. Although many entities put
at least some effort into extension, community
education needs are not being fully met. There is a
need for a boundary organization that can support
end-user participation in water governance, while
helping to disseminate materials from agencies
and universities.

To more effectively share water resources
research with local stakeholders, efforts should
be consolidated by allowing the boundary
organization to act as a central extension entity.
The main goals of this extension hub should be
bi-directional to support and inform stakeholders
while informing research and management.
Stakeholders’ needs should be further explored to
steer research and problem-solving in the region,
while UNSA and the Arequipa Nexus Institute
continue to develop a culture of applied research
to support the information needs of the extension
center. Extension programming will focus on the
co-production of water resources knowledge to
involve end-users in water resources decision-
making. In Arequipa, a model that combines
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physical hubs and virtual information is the most
logical. Staff should include both biophysical water
experts, as well as social scientists and extension
specialists to support the co-production needs.
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