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ARTICLE INFO ABSTRACT

Keywords: As decisions on climate change adaptation involve stakeholders with different values, beliefs and attitudes
Belief (VBA), decision outcomes depend on how stakeholders interact and how power is distributed. In this paper, we
Attitude

explore the VBA of stakeholders involved in three water management projects focusing on dams, micro-
. reservoirs, or wetlands in a Peruvian watershed facing droughts. We apply a framework with the core ideas of
Nature-based solution . L. . .
Ecosystem service the hydrosocial cycle, the decision context perspective, and the VBA hierarchy to show how stakeholders’ per-
Andes spectives and power influence practices on the ground. The analysis of VBA reveals three different perspectives
on water management held by different stakeholder groups. First, a community-based perspective, frequent
among local communities, favors micro-reservoirs managed by communities. Second, an infrastructure-based
perspective, frequent among public sector stakeholders, shows a preference for dams managed by the private
sector. Third, a nature-based perspective, with a preference for wetlands managed by the public sector, is found
across stakeholder groups. In the three water management projects, different power distributions determine
which VBA dominate and influence practices on the ground. Dams on the ground represent power from the
public and private sectors, while micro-reservoirs represent local grassroot control. In the wetland project, the
outcomes of the evolving hydrosocial cycle are still unclear and will depend on how multiple perspectives are
considered. Examining and questioning the decision context in which adaptation occurs can help excluded
stakeholders achieve more power and agency and tackle the fundamental question of ‘adaptation of what and for

Water

whom’.
1. Introduction change has been altering precipitation patterns (Pabon-Caicedo et al.,
2020; Segura et al., 2020), with water security being further threatened
Climate change affects freshwater resources and poses big challenges by increasing human demand and glacier melting (Coudrain et al., 2005;
for societies (Jiménez Cisneros et al., 2014). In the tropical Andes, where Drenkhan et al., 2015). In addition, the conversion of mountain forests
droughts or extreme rain events have always been a fact of life, climate and wetlands into pasture and croplands has reduced the capacity of
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ecosystems to regulate water (Bonnesoeur et al., 2019; Locatelli et al.,
2017) and increased the vulnerability of livelihoods and economies to
water and climate risks (Mathez-Stiefel et al., 2017).

Diverse water management measures have been applied in the Andes
for water security and adaptation to climate change. Beyond the usual
technological and infrastructure measures (e.g. dams and canals),
nature-based measures protect and restore wetlands, forests, grasslands
and other ecosystems that store water or facilitate infiltration (Maldo-
nado Fonkén, 2014; Podvin et al., 2014). Ancestral measures are also
being revived, for example, “qochas” (micro-reservoirs built with a stone
and earth dyke for storing water and enhancing water infiltration into
soils), “andenes” (dry or irrigated terraces), and “amunas” (canals for
increasing infiltration and groundwater recharge) (Erickson, 2018;
Ochoa-Tocachi et al., 2019).

Water management is not only linked to the material flows of water
but also to socio-political processes and feedback loops where water and
society continuously influence each other (Budds et al., 2014; Linton
and Budds, 2014). The hydrosocial cycle concept reflects this cyclical
process, where the need to manage water affects the organization of
society, which in turn affects the flows of water, which then lead to new
forms of social organization (Linton and Budds, 2014). Central to the
hydrosocial cycle are questions of how water internalizes and reflects
social relations and how power is produced and perpetuated through
water (Adams et al., 2019; Budds and Sultana, 2013). In this sense,
whether to build dams and micro-reservoirs or restore wetlands to
manage water is not a technical decision but a value-laden, social and
political one.

Water management and adaptation to climate change are embedded
in societal decision processes, which affect how a particular problem is
addressed. The adaptation decision context perspective (Gorddard et al.,
2016) focuses on the interacting systems of values (e.g., ideals of what is
desirable), rules (e.g., norms, cultural regimes, heuristics, collective
behaviors, formal regulations), and knowledge (e.g., scientific and
technical, experiential and meanings-based). According to this
perspective, values, rules and knowledge (VRK) determine how stake-
holders define the available options, assess their outcomes, and interact
to make decisions (Colloff et al., 2017; Gorddard et al., 2016). As in the
hydrosocial cycle, power is central to the decision context as it de-
termines how rules are decided or applied and whose values or knowl-
edge count (Adger and Barnett, 2009; Nightingale, 2017; O’Brien and
Wolf, 2010).

Adaptation decisions are strongly influenced by values (Adger and
Barnett, 2009; O’Brien and Wolf, 2010), which are individual and col-
lective motivations or moral framings that define priorities and guide
actions. Decisions may involve people with contrasting values (Hicks
et al., 2015), for example with openness to change opposed to conser-
vation, or self-enhancement opposed to self-transcendence (Schwartz,
1994). These opposed values are often associated with diverging beliefs
and attitudes (IPBES, 2022). Indeed, values influence attitudes towards
specific behaviors through a hierarchically structured network of cog-
nitions (Fulton et al., 1996; Homer and Kahle, 1988; Jacobs and Buijs,
2011), where abstract values are at the foundation, followed by guiding
values and context-specific beliefs, and then by attitudes and behaviors
(Vaske and Donnelly, 1999; Whittaker et al., 2006).

Attitudes are favorable or unfavorable evaluations of objects, situa-
tions, or concepts, whereas beliefs associate these objects or situations
with certain attributes (Ajzen and Fishbein, 2000). Beliefs arise from
personal understandings or experiences and are closely connected to
both knowledge and emotions (Boldrin and Mason, 2009; Maggioni
et al., 2006). The different beliefs that people have usually vary in
strength and degree of connectedness to emotions and other beliefs
(Ennis, 1994). Values and beliefs are thus important factors shaping
public attitudes and preferences towards adaptation to climate change
(Glenk and Fischer, 2010).

Water management decisions are often made by stakeholders with
different values, beliefs and attitudes (VBA) regarding the available
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options. How stakeholders interact in the decision-making process, who
decides for whom, how power is distributed, and what knowledge is
dominant all affect decisions on water management, and influence who
will win or lose from decision outcomes (Budds and Hinojosa, 2012).

One objective of this paper is to explore the different sets of values,
beliefs, and attitudes (VBA) of the stakeholders involved in three water
management projects based on dams, micro-reservoirs, and wetland
conservation or restoration in a small watershed in Peru. The other
objective is to analyze which stakeholders have the power to make de-
cisions in each project.

We take the core ideas of the hydrosocial cycle (Linton and Budds,
2014), the value perspective of the VRK decision context (Gorddard
et al., 2016), and the VBA hierarchy (Fulton et al., 1996) to build a
simple framework for examining different sets of VBA (adaptation in
minds) and how they relate to water management decisions (adaptation
on the ground) (Fig. 1). In the framework, social power, embedded in
governance structures, mediates the interactions and tensions between
the different sets of VBA and practices of stakeholders on the ground.
The framework illustrates the VBA with which the different stakeholders
enter the decision-making process. We posit that the hydrosocial cycle is
useful to shed light on the struggles between VBA in decisions on water
management or adaptation.

2. Study site

The Marino watershed is located in Peruvian Andes around Abancay,
the capital city of the Apurimac region (Fig. 2). The watershed has an
approximate area of 229 km?, with a range of altitudes (from 1718 to
5235 m above sea level) and diverse climates (from temperate semi-arid
at lower altitudes to cold and humid in the mountains), all with strong
contrasts between the rainy and the dry seasons (PACC and SENAMHI,
2012). According to the 2017 census, around 72,300 people lived in the
two districts of the watershed, Abancay and Tamburco. Pasture repre-
sent 28 % of the watershed area and agricultural lands 21% (with irri-
gated agriculture 17 %) (CONDESAN, 2014). In the upper part,
communities produce corn, potatoes, and livestock for own consump-
tion and local markets, with cows and sheep grazing in the highlands.
Individual farmers produce high value crops like avocado, sugarcane,
and papaya in the lower part, as well as vegetables in the middle part for
Abancay markets.

The Marino watershed faces various water challenges. Its Ampay
glacier has lost more than half of its area between 1985 and 2017
(Serrano Chuima, 2018). Local people have reported changes with a
later onset of the rainy season and a higher occurrence of torrential rain,
storms, and hail (CBC, 2012). Total annual rainfall has significantly
increased over the 1965-2008 period and may increase in the future
(+21 % over 2016-2044 compared to 1971-2000 on average across five
climate models) (PACC and SENAMHI, 2012). Despite those trends, the
region is exposed to droughts, which are part of the Andean climate
variability and are often related to El Nino events. Watershed manage-
ment projects in the area are based on the assumption that improved
water regulation will address multiple water challenges whatever the
future climate (PACC, 2013).

Water management and governance have a long history in the Andes
since the pre-Inca civilizations (see Supplementary Material 1 for details
on water governance in Peru and the study site). In the recent history,
the economic liberalization of the 1990s attracted foreign investments in
large dam projects and irrigated agribusiness, induced conflicts and
changed power dynamics (Carey et al., 2012). New coalitions of com-
munities, associations, and NGOs emerged to raise awareness of the risks
posed by neoliberal water governance and climate change (Hogue and
Rau, 2008; Lynch, 2018; Seward, 2014).

Water is a public good, property of the state in Peru. A National
Water Authority (ANA) and its local agency (ALA) grant and monitor
licenses to users, including rural communities (through their domestic
use committees and irrigation committees) and municipal water
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Fig. 2. Map of the study site. The city of Abancay appears in red in the center of the map. The study site limits (brown line) correspond to the boundaries of the

Marino watershed.
Source: adapted from Vallet et al. (2019).

companies. Rural communities are responsible for water management in
their territories, under their own regulations and collective control. The
municipal water company in Abancay (EMUSAP), a mixed private-
public company (i.e., under private law but with the municipality as
only shareholder), manages water supply to the city and invests in
infrastructure and ecosystem conservation. The regional government
can facilitate integrated water management but is sometimes criticized
for an infrastructure bias in investments (CBC, 2012). Other water
management stakeholders include several conservation and rural
development NGOs. All these stakeholders have developed and imple-
mented water management projects in the watershed using different
measures, including dams, micro-reservoirs, and wetland conservation
or restoration.
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3. Methods

This study was part of a research project on ecosystem services in the
Marino watershed, which had previously built relationships with key
individuals and institutions involved in natural resource management
(Vallet et al., 2019). Fieldwork took place from May to August 2017.
Interviews and surveys were conducted in Spanish or Quechua
depending on the participants. After introducing our research and
informing that all collected data would be anonymized, we asked par-
ticipants to confirm their consent. Our research protocol was approved
by CIFOR Research Ethics Review Committee (reference FTR044).
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3.1. Understanding adaptation on the ground

We conducted semi-structured interviews with 40 key stakeholders
(15 from the public sector, 14 from local communities, 9 from civil so-
ciety, and 2 from private companies; 8 women and 32 men). The in-
terviewees were selected for their knowledge, their involvement in local
water management, and the diversity of institutions they represented.
We built a list of institutions from lists of participants in previous
meetings on water and completed the list with a snowball approach. The
interviews dealt with water challenges and local water management
initiatives (activities, outcomes, actors) (see interview guide in Sup-
plementary material 3).

We also engaged in field observations of water management activ-
ities during two months to understand water management and gover-
nance. We chose to work in the Rontoccocha area, where three water
management projects had been implemented. These three projects were
particularly interesting to study because each had applied a different
measure (dams, micro-reservoirs, or wetland conservation). In addition
to field visits with representatives of key organizations, we participated
in community works on the ground, three workshops organized by NGOs
with rural communities, and several workshops and events in the city.
The semi-directed interviews, the field observations and the feedback
from stakeholders (during meetings at the end of the research) were all
used to describe adaptation on the ground.

For each project, we described which stakeholders had power to act
or to decide. We considered the “power to” (i.e., the capacity to act on
water management) and other forms of power that result from in-
teractions among stakeholders (Partzsch, 2017): for example, some ac-
tors have a form of "power with" (i.e., the capacity to collaborate with
others to act), whereas others have a "power over" (i.e., the capacity to
force other actors to act). To understand who had power in the three
projects, we asked questions and made observations about which
stakeholders had "power by design" (e.g., if a formal agreement estab-
lished which stakeholders participated in decision-making), "pragmatic
power" (e.g., if the day-to-day implementation created opportunities for
some stakeholders to informally influence decisions), or "framing
power" (e.g., if a stakeholder framed problems and solutions for a
project) (Morrison et al., 2019). An example of the later source of power
is the framing power of an external expert who brings technical
knowledge that is uncontested by other stakeholders (Stensrud, 2019).
Although we separately analysed power asymmetries in the watershed
with social network analysis (Vallet et al., 2020), here we simply iden-
tify the most powerful groups of stakeholders in each project, even
though it mask the complexities of the micro-politics of project
implementation.

3.2. Understanding values, beliefs and attitudes

Using a snowball sampling, we surveyed 62 people to understand
differences in VBA regarding water management in a structured and
statistically interpretable form (see survey form in Supplementary Ma-
terial 4). The sample was composed of 16 women and 46 men, from 20
to 66 years old (median age 34). The respondents were from local
communities in the upstream watershed (n = 18), public sector
(n =17), civil society (n =22, 11 from associations and 11 from
development or environmental NGOs), research/education (n =5, 3
from research and 2 from education).

Respondents represented all the institutions and groups of water
management stakeholders (e.g., regional government, city authorities,
national and local water authorities, national park service, ministry of
agriculture, health authority, drinking water company, national sani-
tation authority, upstream rural communities, including community
members, community authorities, community boards for water and
sanitation, representatives of women associations and supervisors of
water management). In the statistical analyses, we included only the
three groups with 15 or more respondents: local communities, public
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sector, and civil society.

During the survey, people were asked to rate their agreement
regarding 22 statements using a 7-level Likert scale (Table 1 and Sup-
plementary Material 4). Ten statements related to five main values,
inspired by previous works on cultural worldviews, for example on
individualistic vs communitarian worldviews and egalitarian vs hierar-
chical worldviews (Kahan et al., 2007; Peters and Slovic, 1996) or
environmentalism (Dunlap et al., 2000). These statements are often used
to analyze relationships between environmental attitudes and cultural
perspectives or worldviews (Price et al., 2014; Schultz et al., 2005). Six
statements referred to the beliefs in the three water management mea-
sures (dams, micro-reservoirs, wetlands). Six statements referred to the
attitudes towards the three water management measures and the three
water managers (communities, public sector, private sector).

For beliefs and values, the responses to pairs of statements were

Table 1

List of statements that respondents rated on a 7-level Likert scale (strongly
disagree, disagree, moderately disagree, neither disagree or agree, moderately
agree, agree, strongly agree).

Group of variables Variable Statements
Attitudes toward In favor of Wetland protection should be
management wetlands prioritized for water management.

measures

Attitudes toward

managers

Beliefs

Values

In favor of micro-
reservoirs

In favor of dams
In favor of
communities

In favor of public
sector

In favor of
private sector
Belief in
wetlands

Belief in micro-

reservoirs

Belief in dams

Environment

Equality

Tradition

Welfare

Privatization

Micro-reservoir construction should
be prioritized for water management.
Dam construction should be
prioritized for water management.
Community organizations should
manage water.

Government should manage water.

Private companies should manage
water.

Wetlands supply water to springs and
rivers during dry periods.

Wetland provide multiple benefits to
all users.

Micro-reservoirs store water and also
recharge downstream springs.
Micro-reservoirs have a positive
impact on the environment (water,
birds).

Dams are efficient options to reduce
water scarcity issues.

Dam construction has a positive
impact on water and the
environment.

The balance of nature is very delicate
and easily disturbed.

Mountains and lakes are living beings
we should respect.

We need to dramatically reduce
inequalities between the rich and the
poor.

Our society would be better with a
more equal distribution of wealth.
Water has to be managed with due
respect to Yakumama (note:
Yakumama is the goddess of water
and rivers, similar to the Earth
goddess Pachamama).

Making offerings to Yakumama is
essential before an intervention on
water.

People should be able to rely on the
government for help when they need
it.

It’s government’s responsibility to
make sure everyone’s basic needs are
met.

Private profit is the main motive for
hard work.

Water privatization is necessary in
order to improve water use efficiency.
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reduced to a single variable through Principal Component Analysis.
Within pairs, statements were positively and significantly correlated
(r=0.29-0.45, p <0.001 to p=0.02) and the first component
explained 64-73 % of the variance of the two statements. In later ana-
lyses, we only used the variables resulting from the pairs of statements.
Therefore, the survey responses resulted in a set of 14 variables (5 for
values, 3 for beliefs, 6 for attitudes).

We analyzed the bivariate correlations among the 14 variables, and
between them and respondent identities (age, group and gender). We
summarized the correlations as a network of variables. Using an algo-
rithm for detecting dense subgraphs called cluster. fast greedy in the R-
package igraph (Csardi, 2018), we identified groups of VBA variables
with strong positive correlations among them.

We also applied multivariate analysis with a hierarchical clustering
applied to the 14 variables. The elbow method identified the best
numbers of clusters between three to five and the number of three
clusters led to the most meaningful interpretation. The clusters of VBA
were called “hydrosocial perspectives”, i.e., sets of beliefs and values of
respondents, associated with attitudes toward water management and
managers. All statistical analyses were done with R (R Core Team,
2019).

4. Results: Adaptation on the ground

Three water management projects have been implemented recently
around the Rontoccocha lake, a major source of superficial water for the
city (Fig. 3). The three projects aim at improving water availability and
regularity for local communities, downstream farmers, and the city in a
context of increasing demand and climate variability. The projects apply
different water management practices based on dams, micro-reservoirs,
and wetlands. They involve different stakeholders with different power
in decision making (Table 2 and Fig. 4, panel a). The projects are
described in the next sections using our interviews and field observa-
tions (see Supplementary material 2 for more background information).

Dams have been built by yhe project for the “Integral Management of
the Abancay Watershed”, later called the Marino Project. It started in
2014 under the leadership of the Mayor and, later, the Regional

Micro-reservoir
¥ — =
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Government and foreign donors. In June 2019, the Regional Govern-
ment inaugurated two new dams. The project has a strong focus on
infrastructure (dams and irrigation canals) for commercial agriculture at
mid- and low-elevation but also for human consumption in the city.
Dams are constructed on highland community lands, but communities
have no control over water allocation from the dams, do not participate
in decision-making and are not compensated for their land. Water
allocation decisions are made by the governmental water authorities.
Commercial agricultural interests and urban water needs are important
factors influencing decisions. This has important implications for
distributional and procedural equity.

Micro-reservoirs have been built in the project “Restoring the Hy-
drological Functioning of High Andean Ecosystems”, which was initi-
ated in 2014 by a local NGO in association with a local community
(Atumpata) and was then supported by international development
agencies. After 2016, other communities, initially skeptical, joined the
project. The project aims to restore the hydrological functioning of high
Andean ecosystems and focuses on the construction of micro-reservoirs,
often in wetlands and pastures. Micro-reservoir construction is done
exclusively by community members, who build them in locations that
benefit their own water needs, rather than the needs of the city down-
stream. With micro-reservoirs, communities can also secure control over
community land and water resources, as it becomes more difficult for
external actors to build dams in areas where there are micro-reservoirs.

Wetland conservation and restoration have been pushed by a pay-
ment for ecosystem services (PES), called mechanism of compensation
for ecosystem services (or MRSE for its acronym in Spanish). Discussions
started in 2010 about how to compensate highland communities for
their role of water conservation. In the first PES contract between the
municipal water company and two communities, communities commit
to avoid grazing or cropping in hydrologically important areas,
contribute their workforce to field activities (e.g., wetland fencing),
receive in-kind support (material, technical assistance, capacity-
building) and are supposed to benefit from better water provision in
the future. The expected beneficiaries of the improved hydrological
services are the urban water users in Abancay (who fund the project
through their water bills) and the two communities. One of the two

: _ Vatgp
Polylepis forest

e

2%

Fig. 3. Dams (white squares), micro-reservoirs (yellow rounded rectangles), important ecosystems for water management (green ovals), and superficial water flows
(blue arrows) near the Rontoccocha lake in the southeast of the Marino watershed, Peru. Coordinates of the center of the view are 13°40°28" S, 72°47°18" W. Mean

altitude is 4200 masl (3D view from Google Earth, pictures: first author).
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Table 2
Main characteristics of the three water management projects.

Environmental Science and Policy 137 (2022) 75-86

Measure
under focus

Project name Project measures Targeted water

users

Core stakeholders

Governance and power in decision making

Dam Marino Project Infrastructure (dams, Commercial Regional government, Decision-making by public entities.
irrigation systems) agriculture and international donors Limited involvement of local communities
urban uses
Micro- Restoring Hydrological Micro-reservoirs in Uses by local NGO, local communities Civil society initiative. Decision-making by
reservoir Functioning association with nature- communities NGO and local communities
based measures
Wetland Mechanism of Nature-based measures Urban uses, Drinking water company, NGO, Private-public-social partnership. Power is
Compensation for (wetland and grassland possibly others local communities (and more on the payer side (the drinking water
Ecosystem Services or protection, reforestation) governmental agency as facilitator =~ company) but decision-making modalities
MRSE and supervisor) are still unclear
making were still unclear yet but appeared to be more balanced than in
Tablg 3. ' the other projects.
Description of the three clusters built from the responses on VBA statements.
Clust{er name Attitudes Attitudes Beliefs Values 5. Results: Adaptation in people’s minds
and size toward toward
management managers L. . .
measures 5.1. Associations between values, beliefs and attitudes
Community- In favor of In favor of Belief in Environment, ) .
based micro- communities. micro- equality The attitudes toward different water management measures were not
(n=19) reservoirs Against reservoirs tradition, significantly correlated among themselves (Fig. 5, part a). On the con-
private and and dams  welfare. trary, attitudes toward managers showed clear oppositions: positive
public sectors Against attitudes toward communities were associated with negative attitudes
privarizaron toward the public and private sector (Fig. 5b). Th three si
Infrastructure- In favor of In favor of the No belief Privatization. (?War €pu .IC an prlva.e? sector (1g. 8 eére were three sig-
based dams. Against  private sector.  in micro- Against nificant correlations, all positive, between attitudes toward measures
(n=23) micro- Against reservoirs  environment, and toward managers: attitudes in favor of local communities were
reservoirsand  communities or equality, associated with attitudes in favor of wetlands and micro-reservoirs,
tland tland traditi . . . . .
werands werands ;Zlflaizn, whereas attitudes in favor of the private sector were associated with
Nature-based In favor of In favor of the  Belief in attitudes in favor of dams (Fig. Se).
(n = 20) wetlands public sector wetlands Beliefs in dams and in wetlands were clearly opposed. Beliefs in

communities was for a long time reluctant to endorse the project, as
people feared it would lead to the privatization of water resources.
Highland communities in the area are generally skeptical of in-
terventions by external actors because they may destabilize community
functioning and community decision-making practices on land and
water. People were also concerned that ecosystem protection projects
might lead to exclusion from critical grazing areas. The best grazing
areas for the two communities are actually located in the wetlands, as
they provide fodder during the dry season when other grasslands dry
out. The project modalities, including benefit-sharing or compensation
to the families affected by grazing restrictions, were under discussion at
the time of this research. The roles of different stakeholders in decision-

Power in Projects

(a) (b)

Dam Micro Wetland
Project Reservoir Project
Project

micro-reservoirs were associated with beliefs in wetlands and were not
opposed to beliefs in dams (Fig. 5c). Values related to the environment,
tradition, and welfare were positively correlated among them, whereas
equality and privatization were negatively correlated (Fig. 5d).
Attitudes were related to beliefs (Fig. 5f). There were obvious posi-
tive correlations between the three beliefs and the attitudes toward the
three corresponding measures(e.g., beliefs in dams and positive atti-
tudes toward dams). One correlation confirmed that micro-reservoirs
went hand in hand with wetlands in people’s mind: the belief that
micro-reservoirs worked was associated with a positive attitude toward
wetlands. Another correlation confirmed that wetlands and dams were
opposed in people’s mind: the belief in wetlands was associated with
negative attitudes toward dams. The belief in micro-reservoirs was
associated with a positive attitude toward communities and against the
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private sector.

Attitudes were related to values (Fig. 5g). Several expected correla-
tions were observed (e.g., environmental values with attitudes in favor
of wetlands, privatization values with attitudes in favor of private sector,
values toward traditions with attitudes in favor of community). Unex-
pected correlations were more informative. For example, people with
environmental values had a negative attitude toward the public sector,
whereas privatization values were associated with a positive attitude
toward the public sector.

The network of correlated variables clearly showed two contrasting
sets of VBA variables (Fig. 6). Within the two sets, all significant cor-
relations were positive, whereas significant correlations between vari-
ables of distinct sets were all negative. In one set, positive attitudes
toward dams with the private and public sectors were associated with
beliefs in dams and values in favor of privatization. In the other set,
positive attitudes toward wetlands and micro-reservoirs with local
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communities were associated with beliefs in wetlands and micro-
reservoirs and values related to the environment, tradition, equality,
and welfare.

Sets of VBA were related to individual characteristics of respondents,
such as group or age (Fig. 6). Respondents from communities believed in
dams and valued tradition and the environment but did not value pri-
vatization. They had a positive attitude toward micro-reservoirs with
communities and a negative attitude toward the public sector. This
mistrust of communities toward the public sector was reciprocal: public
sector respondents had a negative attitude toward community involve-
ment in water management (and positive toward the public sector).
Public sector respondents also valued privatization and did not value
equality. Respondents from civil society were characterized by their
negative attitude toward dams and the lack of belief in this measure.
There were some significant effects of age but not gender. Older people
had a more positive attitude and more belief in dams, whereas younger
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people believed more in micro-reservoirs and valued privatization.
5.2. Hydrosocial perspectives

The cluster analysis identified three hydrosocial perspectives
(Table 2), which were held by respondent from different stakeholder
groups (Fig. 4, right). One perspective was about community-based
management: it favored micro-reservoirs managed by local commu-
nities with and opposed the involvement of private and public sectors. In
addition to believing in micro-reservoirs, the respondents with this
perspective also believed that dams were good options for managing
water. This perspective was associated with values in favor of the
environment, equality, tradition, or welfare, and against privatization.

Another perspective was about infrastructure-based management. It
included positive attitudes toward dams managed by the private sector
and negative attitudes toward micro-reservoirs and wetlands with
communities. The respondents with this perspective did not believe in
micro-reservoirs or wetlands and valued privatization but not the
environment, equality, tradition, and social security.

Finally, a nature-based perspective was in favor of wetlands with the
public sector. The respondents with this perspective believed that wet-
lands were good for water. Respondents from local communities largely
held a community-based perspective and respondents from the public
sector largely held an infrastructure-based perspective, whereas re-
spondents from the civil society were distributed almost evenly among
the three perspectives (Fig. 4, panel b).

6. Discussion

We investigated the hydrosocial cycles of three water projects in a
watershed in Peru and the VBA of stakeholders. We found that the three
projects involved different practices and stakeholders with different
decision-making power. We also identified contrasting sets of VBA be-
tween the three main groups of stakeholders involved in the projects.

With our survey and field observations, we have captured a snapshot
of the hydrosocial cycle and related decision processes for water man-
agement and adaptation. With our focus on values within a broader VRK
perspective on decision contexts, we recognize that we have not
explored in detail the rules influencing how stakeholders interact in
decision-making, nor the generic knowledge that stakeholders hold,
both relevant for understanding decision contexts (Gorddard et al.,
2016). Despite these limitations, our results provide useful insights into
the perspectives of the stakeholders, the hydrosocial cycles on the
ground, and the interactions and tensions within and between ‘mind’
and ‘ground’. We discuss these points below.

6.1. A clear dichotomy in hydrosocial perspectives

Two sets of VBA appear in opposition. In the divide of values, private
benefits or individual efforts are opposed to values related to equality,
welfare and the environment, which resonates with the opposition be-
tween higher-order values (e.g., individualistic values vs. care for other
people and the environment) (Schwartz, 1994). The opposed attitudes
are more about the whom than the what and favor either communities or
public and private sectors. For example, people from communities are
not against dams per se but they have a negative attitude against those
involved in dams (i.e., public-private partnerships).

A clash of two water perspectives is apparent, which can be related to
the divergence between Andean worldviews and other worldviews that
emphasize the dominance of humans over nature and the use of Western
science and technology to control the environment (Andolina, 2012;
Stensrud, 2016; Wilson and Inkster, 2018). Water management has long
been entangled with processes of identity formation in Andean societies,
where highland communities understand water through interconnecting
physical, human and spiritual factors (Boelens, 2014; Paerregaard,
2018). Scientific and technological notions of water control have been
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imposed on Andean societies since the colonial period through, for
example, water infrastructure development, legitimizing exclusionary
patterns of water distribution, and imposing values such as those related
to efficiency and nature “servicing” man (Hogue and Rau, 2008; Tra-
wick, 2003). Similar concerns about divergent values have been voiced
with the ecosystem services concept and PES, which partially explains
why PES schemes are frequently contested at the local level (Kull et al.,
2015; Van Hecken et al., 2015, 2018).

6.2. Dams on the ground: Power from the top

In the Marino watershed, like in many other highlands, dams on the
ground represent the power of the government, the water utility com-
panies, and commercial agriculture (Lynch, 2018). Across the Global
South, dams are symbols of modernization and nation-building (Bakker,
2012; D’Souza, 2008; Khagram, 2004). The technocratic, top-down,
economic growth-focused development vision, supported by interna-
tional development agencies such as the World Bank, mainstreamed the
building of big dams and legitimized related new forms of governance,
often at the expense of communal systems (Bakker, 2012; Khagram,
2004). This may explain why communities oppose such projects on the
ground, even though they might agree that, technically, dams are a good
solution. Dams, which represent the technology of efficiency in water
management, can deprive communities not only of water but also of
access to land and other resources, and erode collective management
practices. They are constructed within, and perpetuate, specific config-
urations of power, economics, ideology and knowledge (Carey et al.,
2012; D’Souza, 2008). Dams thus embed and exert power which is
relationally produced (Loftus, 2009).

The opposition to large infrastructure projects lies mainly in the fact
that the communities do not benefit from such infrastructure, as in the
case of the Rontoccocha dam, which can be explained by the decision-
making process. The hydrosocial cycle observed in the dam project is
connected to the 2009 Peruvian Water Law. The law defines water as a
national patrimony and a public good to be managed for the benefit of
everyone, giving absolute power to the state in distributing water ac-
cording to what it considers as the best and most efficient use (Lynch,
2018; Roa-Garcia et al., 2015). Even though the law mandates respect
for peasant and indigenous rights and dictates integrated water man-
agement by all stakeholders, it prioritizes efficiency over equity. This
enables the prioritization of commercial agriculture and urban water
users over local communities (Lynch, 2018; Roa-Garcia, 2014).

6.3. Micro-reservoirs: Grass root control on the ground

Communities are at the core of the hydrosocial cycle associated with
micro-reservoirs, although it was a local NGO that catalyzed collective
action and revived the tradition of micro-reservoir building. This is
common in the Andes where “pro-Andean NGOs” play a prominent role
in reviving traditions, promoting culture, and conserving local agro-
biodiversity (Shepherd et al., 2010). Water management with
micro-reservoirs is done in accordance to held community values, (e.g.,
respect for tradition, equality and environment) and the communitarian
organizational system and labor exchange, which are at the core of
community functioning and generate a sense of collective endeavor
(Harvey, 2018).

In the hydrosocial cycle associated with micro-reservoirs, local
knowledge is fully mobilized. Such knowledge is often considered as
crucial for adaptation to climate change (Petzold et al., 2020; Postigo,
2020). In this hydrosocial cycle, local knowledge is not confronted with
scientific or technological knowledge, a confrontation that is often at the
detriment of local knowledge. In Peru, a study showed how local people
did not dare to contradict the engineers, resulting in failed encounters
and exacerbated differences between farmers and engineers (Stensrud,
2019). In a case of water management in Chili, the asymmetrical re-
lationships between local communities and external agents were
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reinforced by the lack of capacity of local communities to understand
technical reports on water (Uson et al., 2017). Similarly,

Community members believe that micro-reservoirs are not only
effective for water and other benefits, but are also an essential strategy
for self-determination and affirming claims on land stewardship. High-
land communities hold environmental values but at the same time they
do not state strong preferences for wetlands as a water management
strategy, probably because of the risk of land grabbing associated with
these measures (Adams et al., 2019; Borras et al., 2012; Fairhead et al.,
2012). Because of this risk, micro-reservoirs are a way for communities
to mark out territories and confirm their power on them (Hudson, 1998).
Communities often manifest their control or influence over a
geographical space with physical boundary marks, visible investments,
and new infrastructure (Bianco Benavides, 2014).

6.4. Wetlands and payment for ecosystem services: An hydrosocial cycle
in construction

The hydrosocial cycle around the wetland project is less polarized
than the two other projects, because powerful stakeholders are more
diverse. Being in construction, it also differs from the other projects
where power relationships and decision making are more settled.
However, equity concerns are still to be addressed, for example, the ones
related to compensation for grazing access loss or to how prioritized
water management practices will actually benefit communities.

Equity considerations that go beyond the mere distributional equity
of compensation for forgone land uses are important for a more just
design of ecosystem conservation and PES schemes (Kolinjivadi et al.,
2015). Power relations and the complex tradeoffs between conservation
and social equity usually remain obscure in the name of optimizing ef-
ficiency and ecosystem service flows in PES (Ishihara et al., 2017; Kull
et al., 2015; Van Hecken et al., 2015, 2018). The design of PES schemes
is usually guided by the interests of powerful actors (Kolinjivadi et al.,
2019), for example downstream commercial agriculture and urban
centers rather than highland communities (Bleeker and Vos, 2019;
Carey et al., 2012; Vallet et al., 2020).

PES can lead to land exclusion or deprivation of access to natural
resources. There have been warnings that PES implementers may be
attracted by a simple PES logic and forget local complexities such as
power asymmetries and struggles for natural resource control (Rodri-
guez de Francisco and Boelens, 2014). PES and other green market
mechanisms (such as offsets or mitigation banking) could lead to “green
grabbing”, i.e., the appropriation of land and resources for environ-
mental ends (Fairhead et al., 2012). Indeed, fearing the restriction to
land access for the benefit of powerful downstream actors, one highland
community in the Marino watershed initially opposed the PES project,
although this community was already active through collective work in
wetland restoration and protection, a proposed PES activity.

Following the ideas of fundamental entitlements or freedoms as ca-
pabilities (Sen, 2009), Kolinjivadi and coauthors advocate for expanding
the notion of justice and equity in conservation and PES by considering
the impacts of these schemes on people’s freedom or capability to act,
do, and be as they desire, or to achieve what they value (Kolinjivadi
et al.,, 2015). If PES schemes only link increases in well-being with
monetary compensations, cost recovery or conditional improvements in
ES flows, important equity issues such as those related to empowerment
and dignity will remain ignored.

As watershed PES schemes are increasingly developed in Peru, sup-
ported or scrutinized by a diversity of actors (including from civil so-
ciety, academia, or national governmental organizations), there is hope
that some local PES initiatives will succeed in navigating power re-
lationships and defining objectives and modalities that are acceptable
for most stakeholders. Elsewhere in the world, there have been experi-
ences with PES accommodating multiples VBA and providing opportu-
nities for local communities to define and achieve their own goals
(Upton, 2020).
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6.5. Power determines the dominant values, beliefs and attitudes

The distribution of decision power determines what VBA dominate
the decision context and influences practices on the ground. The
stakeholders of all projects have diverse perspectives on water man-
agement and the measures being applied on the ground depend on
power distribution within the projects, particularly in the dam and
micro-reservoir projects. The infrastructure-based perspective (favoring
dams) is the most frequent among public sector stakeholders, who have
decision-making power in the dam project, whereas the community-
based perspective (favoring micro-reservoirs) is the most frequent
among local community stakeholders, who are powerful in the micro-
reservoir project.

Exploring the hydrosocial cycle provides an understanding of how
power shapes the dominant values and perspectives in a decision pro-
cess. The power of dominant groups is reflected in the dominant value
systems, and their associated knowledge, with techno-scientific knowl-
edge prevailing in some hydrosocial cycles in making sense of, and
deciding about, environmental change but with indigenous or local
knowledge prevailing in others (Rathwell et al., 2015; Tengo et al.,
2014).

Each project can be seen as a battlefield where sets of VBA struggle
for domination. A “battlefield of legitimacy” was described in Japan
during the introduction of a PES scheme, with dominant and margin-
alized actors fighting to impose their views (Ishihara et al., 2017). At the
end, it is not just about which values and management practices are
included or excluded, but also about who wins or loses from those de-
cisions and how ‘regimes of accumulation’ (of resources, power, and
influence) emerge from decision-making contexts (Urteaga-Crovetto,
2016).

The perspectives dominating the decision context in a project depend
on the power of stakeholders in the project but also on interactions
between worldviews or knowledge systems at a level higher than the
project. In projects for water management or adaptation to climate
change in the Andes, the colonial history and the interventions of
neoliberal international organizations reinforce hierarchical represen-
tations of knowledge, in which the technical knowledge of external
experts is rarely challenged (Andolina, 2012; Mills-Novoa et al., 2020;
Stensrud, 2019). A historical analysis of the hydrosocial cycle and of
VBA can reveal such influences and their consequences for the decision
context.

6.6. Implications for adaptation planning

This study provides important lessons for adaptation planning.
Examining the hydrosocial cycle sheds light on the power relationships
and the struggles between VBA in adaptation decisions in water man-
agement or in general (Carey et al., 2012). In adaptation, there would
always be multiple conceptualizations of what is desired, based on what
people consider important to preserve or achieve, including their iden-
tity and culture (O’Brien and Wolf, 2010). Adaptation interventions
designed from outside, developed in different cultural and environ-
mental contexts or guided by Western values, might not be sustainable
or accepted in the long term, as evidenced by proposed adaptation so-
lutions in Pacific small island states (Nunn et al., 2016). But even though
adaptation research and practice has learned from the critiques of in-
ternational development, institutions and strategies still fail to integrate
the plural values and priorities of society, and answers are needed as to
why this is happening (Gillard et al., 2016).

Because it reveals divergences between VBAs that are unknown to
many stakeholders, an analysis like ours is a first step toward partici-
pative decision-making that enables deliberation and re-framing of
conflicting values, interests and agendas (Colloff et al., 2018). Exam-
ining and questioning the decision context in which adaptation occurs
can help excluded stakeholders achieve more power and agency and
tackle the fundamental question of ‘adaptation of what and for whom?’
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(Cote and Nightingale, 2012). With this initial discussion, we hope to
prompt further research on how more pluralistic perspectives can be
applied in practice for adaptation planning without unwittingly creating
opportunities for new or further exclusion.

Deliberating and making decisions on adaptation based on plural
values create space for novel approaches. But, because of power im-
balances and the risk that dominant actors impose their perspectives,
rights-based approaches have an important role to play, for example
through formal protection of less powerful actors (including their right
to free prior and informed consent regarding interventions in their
lands). However, many examples show that formal rights may not be
sufficient if they are not properly respected (Lovera-Bilderbeek and
Lahiri, 2021). Processes such as the establishment of watershed PES in
Peru should include clear safeguards (i.e., protective measures in form of
standards for good practice for example regarding inclusiveness) and
involve external actors (e.g., from the civil society) to scrutinize local
decision-making processes or intervene as whistle-blowers or mediators.

The leaders of adaptation initiatives must have the skills to promote
inclusiveness (Lliso et al., 2021), understand motivations and power
relations (Adams et al., 2019), create a space where different values
come face to face (Borrini-Feyerabend et al., 2013), facilitate discussions
on values, and form a “crystallization process” to define shared values
(Sethamo et al., 2020). Experiments such as T-labs (“Transformation
laboratories™) can create spaces for making values explicit and con-
fronting different worldviews (Charli-Joseph et al., 2018), which is
essential for transformative change (IPBES, 2022). A multiple evidence
base approach can be applied to generate new insights from indigenous,
local and scientific knowledge systems, by letting each knowledge sys-
tem speak for itself, within its own context, without any one system
dominating as an external validator (Tengo et al., 2014). Openness to
different knowledge systems and world views prompts stakeholders to
collectively imagine futures that are radically different from the status
quo and to prepare for navigating change in a more inclusive, just and
legitimate way.
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