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Abstract Sustainability appraisals produce evidence for
how well water governance regimes operate and where
problems exist. This evidence is particularly relevant for
regions that face water scarcity and conflicts. In this study,
we present a criteria-based and participatory sustainability
appraisal of water governance in a region with such char-
acteristics—the dry tropics of NW Costa Rica. Data col-
lection included 47 interviews and three stakeholder
workshops. The appraisal was conducted through a col-
laborative and iterative process between researchers and
stakeholders. Out of the 25 sustainability criteria used,
seven posed a significant challenge for the governance
regime. We found challenges faced by the governance
regime primarily clustered around and were re-enforced by
failing coordination related to the use, management, and
protection of groundwater resources; and inadequate lead-
ership to identify collective goals and to constructively
deliberate alternative ways of governing water with diverse
groups. The appraisal yielded some positive impact in the
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study area, yet we found its application provided only
limited strategic information to support broader problem-
solving efforts. Insights from this study suggest key start-
ing points for sustainable water governance in the Central
American dry tropics, including investing in increasingly
influential collective organizations that are already active
in water governance; and leveraging policy windows that
can be used to build confidence and disperse more gov-
erning authority to regional and local governing actors that
are in-tune with the challenges faced in the dry tropics. We
conclude the article with reflections on how to produce
research results that are actionable for sustainable water
governance.

Keywords Water governance - Sustainability
assessment - Impact evaluation - Solution oriented - Costa
Rica

Introduction

Water governance is a set of collective actions that aim
toward a common goal and are coordinated among diverse
stakeholder groups (Lubell et al. 2008). Sustainable water
governance coordinates the supply, delivery, use (including
demand management), and outflows of water in a way that
ensures sufficient and equitable levels of socioeconomic
welfare without compromising the long-term integrity of
supporting ecosystems (Rogers and Hall, 2003; Brooks
2006; Langsdale et al. 2009; Wiek and Larson 2012).
However, establishing sustainable water governance
remains a challenge, and many inadequate governance
regimes are driving social-ecological systems toward
points beyond which environmental or societal damage
may be difficult to correct (Rockstrom et al. 2009; Galaz
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et al. 2012). Inadequate water governance struggles to
address the conflicting needs and values of relevant
stakeholders; to reconcile different political structures with
each other and with ecosystem boundaries; to simplify and
enforce rules; and to employ participatory decision-making
processes (Pahl-Wostl et al. 2012). Efforts to re-design
water governance regimes are needed in order to avoid
system failures (Young et al. 2008; Biermann et al. 2012).
To aid these efforts, criteria-based and participatory
appraisals can help determine how sustainable or how well
water governance regimes operate (Wiek et al. 2007). Such
appraisals should help clarify what features of water gov-
ernance regimes deter or foster the sustainability of water
systems (i.e., through positive and mutually supporting
sustainability effects). In doing so, appraisals can help
better align water governance research with real-time
problem-solving efforts and with the professional needs of
decision-makers (Bakker 2012).

Considering the profound insights on resource gover-
nance gained through comparison of comprehensive case
studies (Ostrom 2009), there is a need for similar com-
prehensive and comparable case studies of the sustain-
ability of water governance regimes. This is especially
relevant for understudied regions where climate-change
threats are imminent, where water conflicts occur, and
where impacts from water scarcity are being felt (Pahl-
Wostl and Kranz 2010). Few studies address the sustain-
ability of water governance regimes from a comprehensive
and actor-oriented perspective (Wiek and Larson 2012;
Larson et al. 2013). Even fewer studies include high-risk
regions where there is an urgent need for water governance
research that yields actionable results. In this paper, we
pursue three objectives:

(1) To provide a sustainability appraisal of the water
governance regime in Guanacaste, Costa Rica, a
region that experiences water conflict, scarcity, and
climate change threats.

(2) To reflect on potential impacts resulting from the
appraisal in Guanacaste and draw conclusions for
future water governance and sustainability research
efforts.

(3) To help identify potential challenges and opportuni-
ties for water sustainability efforts in the Central
American dry tropics.

Case Study Background: Guanacaste Province

Guanacaste is one of the most important agricultural
regions in Costa Rica and one of the more lucrative tourism
markets in Central America. Agriculture and tourism have
continued to expand significantly over recent decades
(MINAET 2008; Booth et al. 2010). Guanacaste is a
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seasonally dry and predominantly rural region where vir-
tually no rain falls half the year. Water is and will likely be
much more scarce in the near future. Climate models
predict the region will experience significantly drier con-
ditions as soon as the 2020s (Anderson et al. 2008). Water
governance is challenged to provide just and fair distribu-
tions of water to communities and economic actors, to
maintain the integrity of supporting ecosystems, and to
mitigate water conflicts. It has thus far struggled to meet
these challenges. Ramirez-Cover (2007) documented at
least 65 formal water conflicts in Guanacaste over a recent
10-year period.

During the early years of modern Costa Rican statehood
(e.g., 1948-1970s), public sector organizations substan-
tially increased in order to meet citizen needs (Edelman
1999, p. 70). During this time, many public organizations
relevant for water management were formed, such as the
Environment, Energy, and Telecommunications Ministry
(Ministerio de Ambiente, Energia, y Telecomunicaciones,
MINAET), which oversees water-related activities in the
country. Growing populations in rural areas tested the
ability of the national water utility—the Costa Rican
Institute of Aqueducts and Sewers (Instituto Costarricense
de Acueductos y Alcantarillados, AyA), to meet its
responsibility to deliver potable water to citizens. As a
result, communities increasingly organized in the water
sector, with an estimated 1,5004 rural community-run
drinking water associations (ASADAs) now operating
(Madrigal et al. 2011). ASADAs perform AyA’s duties in
rural areas, but are governed autonomously by community
boards. Two primary pieces of legislation provide the
substance of current water management frameworks.
Article 50 of the Constitution guarantees healthy and clean
environments for citizens. The 1942 Water Law prohibits
private ownership of water resources. Accordingly, the
authority to govern water in Costa Rica, with the exception
of ASADAs, largely remains with state agencies that have
expanded their administration through branch offices
around the country (Rogers 2002).

In Guanacaste, the growing public sector combined with
the increasing numbers of ASADAS has contributed to water
governance becoming increasingly fragmented. There are
variable technical, financial, administrative, and logistical
capacities among agency offices and ASADAs in different
places, and water-related regulations (many of which go
back to several decades) often do not clearly specify who is
responsible to do what in water management (Rogers 2002).
Yet, many individuals are active in in the water sector. Some
of these individuals are collectively organized, such as the
Commission for the Management of the Potrero—Caimital
Watersheds (Comision para el Manejo de las Cuencas Pot-
rero-Caimital, PC Commission) in Nicoya. Like similar
collective organizations in the region, their efforts are
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Fig. 1 Potrero, Caimital, and Upper Nosara sub-basins in Guanacaste Province, Costa Rica. Map created using data from ITCR (2008)

challenged due, in part, to little being systematically known
about water systems, their problems, and the potential
opportunities to resolve problems. Thus, a water governance
appraisal that elaborates normative criteria, that helps clar-
ify what about current water governance negatively or pos-
itively impacts system sustainability, and that identifies
where problems and opportunities exist in the system could
be a useful research endeavor.

We explore such an appraisal in this paper. We focus on
three connected sub-basins in Guanacaste: the Rio Potrero,
Rio Caimital, and Upper Rio Nosara in Nicoya and Ho-
jancha Municipalities (Fig. 1). The Upper Rio Nosara and
Rio Caimital flow west to the Pacific coast. The Potrero—
Caimital Aquifer is located beneath the Caimital and Pot-
rero. During the dry season, groundwater from the Potrero—
Caimital Aquifer is transported to the Town of Hojancha.
The semi-urban City of Nicoya receives its entire water
supply from Rio Potrero surface flows. The largest agri-
cultural producer in the region lies over a large part of the
Potrero—Caimital Aquifer, upstream from where the City of
Nicoya extracts surface water. About 30,000 people live in
the area; most reside in the City of Nicoya (INEC 2011).
The case presented here affords an opportunity to appraise
a water governance regime that shares many common
features with regions across the Central American dry
tropics such as high uncertainty, complexity, and potential
conflicts under changing climate conditions (Rogers 2002;
Biswas et al. 2009). Accordingly, this appraisal supports
greater understanding of water sustainability in dry tropical
regions that experience water scarcity, conflicts, and cli-
mate change threats.

Framework for Analyzing and Appraising Regional
Water Governance Regimes

A broader notion of “who is involved” distinguishes gov-
ernance from government or management, which implyies
limited sets of actors such as agencies or utilities. Gover-
nance includes all people affecting and affected by water
systems as potential actors who might coordinate their
activities toward collective goals (Ludwig 2001; Ostrom
2007). Actors include diverse sets of state, private, and civil
players who are “doing things” with water, including gov-
erning water, and who hold some degree of power, rights, or
resources (Rhodes 1996; Kemp et al. 2005). This doing that
is coordinated across groups of actors toward collective
goals (e.g., governance) steers or guides water systems
(Lubell et al. 2008). Sustainability appraisals, in a water
governance context, evaluate how well governance regimes
steer water systems towards sustainability, e.g., a direction
that ensures “...a sufficient and equitable level of social and
economic well-being without compromising the viability
and integrity of the supporting hydro-ecosystems in the long
term (Wiek and Larson 2012).”

In this study, we use the actor-oriented approach for
analyzing and appraising regional water governance
regimes proposed by Wiek and Larson (2012). The
approach is composed of an analytical and a normative
component. The analytical component is similar to the
Institutional Analysis and Development (IAD) framework
developed by Elinor Ostrom and collaborators (Ostrom
2011 offers a recent review) and the regime analysis
framework proposed by Holtz et al. (2008). Both
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frameworks have been applied to water systems (e.g.,
Imperial 1999; Pahl-Wostl et al. 2010). Wiek and Larson
(2012) take components from those frameworks, such as
institutions (rules, rights, and decision-making processes)
and a focus on social actors and their activities, and
structure them in a way that mimics regional water systems
in order to better synchronize the approach with the day-to-
day operations of governance actors. According to a sim-
plified version of this approach, the water governance
regime is structured into four activity domains:

1. Water Supply: the physical water sources and the
systems that support, maintain, and protect them. Also
included are the social arrangements, including water,
rights for example, which govern water sources.

2. Water Delivery: the distribution of water through
infrastructure, such as wells, aqueducts, treatment
facilities, and post-treatment storage tanks.

3.  Water Use: consuming, conserving, and managing the
demands for water by organizations and individuals in
different sectors such as residential, commercial,
industry, and agriculture.

4. Water Outflows: includes discharging wastewater and
other post water-use sanitation-related activities and
governing institutions. In Guanacaste, this includes, for
example, septic tanks, oxidation ponds, and run-off
that flows back into the watershed or water table.

Each of the activity domains contains three interlinked
components:

Actors, Activities, and Institutions

This component includes all relevant social actors and their
networks, norms, and values. It outlines what they do with
water, how they interact with each other, what their man-
dates or intentions are, what rules govern their actions and
interactions, and what decision-making processes are in

play.

Interface with the Natural Environment (Hydro-
Ecology)

Water activities rely on and impact the environment,
including the four basic spheres of earth systems: the
hydrosphere (water and precipitation), the lithosphere (land
and soils), the biosphere (plants and wildlife), and the
atmosphere (air and linked climatological processes) and
their interactions. This interface captures various geologic,
hydrologic, ecologic, and other environmental attributes
and processes.

@ Springer

Interface with the Built or Engineered Environment
(Infrastructure)

Water activities include, among others, building, altering,
and removing infrastructure and facilities. We capture, for
example, extraction and retention facilities linked to water
supplies; the physical system for water deliveries, along
with the biological or mechanical systems (e.g., wetlands
or treatment plants) for cleaning water for various pur-
poses; infrastructure that determines various usages and
rates of consumption (e.g., irrigation systems); and
recharge basins or other structures for managing outflows
from the system or recycling wastewater.

The second part of the approach suggests a set of nor-
mative sustainability criteria for appraising the analyzed
governance regime, which we focus on here. A range of
literature details criteria for good resource governance
(Ostrom 1990; Ostrom 1992; Folke et al. 2005; Lockwood
2010) and water governance in particular (Rogers and Hall
2003; Alley and Leake 2004; Pahl-Wostl 2008; Grigg
2010). Criteria based on this literature were synthesized
and vetted with stakeholders in this case and others (see
Wiek and Larson (2012). These criteria overlap across
parts of the water system. Accordingly, criteria interact
with each other, which can produce either positive or
negative cumulative sustainability effects (Gibson 2006;
Larson et al. 2013). Criteria are categorized according to
Gibson’s (2006) set of sustainability criteria and linked to
the framework’s activity domains in Table 1.

Research Design
Appraisal Planning

The appraisal was planned in Costa Rica with collaborators
from June through August 2010. This afforded stakeholders
and researchers a platform to communicate, align expec-
tations, and to establish long-term collaboration. During
this time, a partnership was formed with the PC Commis-
sion in Nicoya, which was composed of members from
MINET, ASADAs, Nicoya Municipality, and the National
University. Through several meetings with PC Commis-
sion members and other stakeholders, the appraisal pro-
cedure was hashed out. This included vetting the interview
protocol, identifying participants, discussing appraisal cri-
teria (which were under development in Wiek and Larson
(2012) at the time), elaborating an initial “skeleton” ver-
sion of the water system map to be used in interviews (to
ensure that it resonated with interviewees), and defining the
appraisal parameters. Accordingly, a qualitative and visual
procedure that used a water systems map based on the
framework was formulated. The goal of this procedure was
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Table 1 Principles and criteria for appraising the sustainability of water governance regimes, adapted from Wiek and Larson (2012)

Principle Criteria Governance
domain
1. Social-ecological system integrity la. Maintain minimum flows of surface water la. Supply
1b. Maintain or enhance the quality of water resources 1b. All
1c. Ensure aquifers are not over-taxed to points of instability Ic. Supply
1d. Recognize/coordinate resource uses and impacts within appropriate 1d. Use
physical units
2. Resource efficiency and maintenance 2a. Reduce water-use and/or enhance water-use efficiency 2a. Use
2b. Reuse water and recycle wastewater for various uses 2b. Use/
outflows
2c. Eliminate water losses 2c. Supply/
delivery
2d. Groundwater extraction should not exceed recharge 2d. Supply

3. Livelihood Sufficiency and Opportunity

4. Socio-ecological civility and democratic
governance

5. Intergenerational and intragenerational
equity

6. Interconnectivity from local to regional to
global scales

7. Precaution (mitigation) and adaptability

3a. All people pursuing livelihood activities have access to sufficient quality
and quantity of water

3b. All people pursuing economic activities have access to sufficient quality
and quantity of water

3c. A fair compensation for affected stakeholders in case of insufficient access

4a. Involve all groups who affect or are affected by water governance efforts
in decision-making

3a. Supply/use
3b. Supply/use

3c. Supply/use
4a. All

4b. Elicit the full array of interests and perspectives through various stages of 4b. All
governance
4c. Establish collaborative water governance endeavors 4c. Supply/
delivery
Sa. Ensure all residents have access to safe water for eating, drinking and 5a. Supply
sanitation
5b. Define and implement a sufficient level of water needs beyond “basic 5b. Use
needs”
Sc. Ensure fair distribution of benefits and costs among stakeholders Sc. All
5d. Facilitate involvement among diverse stakeholders 5d. All
Se. Ensure representation of future generations (e.g., via groups who consider e. Use
their interests)
6a. Reduce/eliminate negative impacts on other areas 6a. Supply/
outflows
6b. Plan within the watershed or groundwater basin context 6b. Supply
6¢c. Recognize/coordinate between local and broader scale stakeholders 6¢c. Supply
7a. Anticipate potential water shortages and water quality problems 7a. Supply
7b. Mitigate potential water shortages and water quality problems 7b. All/use
7c. Adapt to water shortages and water quality problems Tc. All

to identify how well the governance regime worked based
on a normative set of criteria and to clarify where in the
system problems and potential opportunities existed.

Data Collection: Interviews

Forty-seven interviews were conducted with individuals
from 40 different government agencies, local governments,
service organizations, cooperatives, membership organi-
zations, and businesses (Table 2). Eight additional inter-
views were conducted with small family farms
(businesses). Agrawal’s (2008) classification of rural actors

was used in the planning phase to help in ensuring all
relevant groups were adequately represented in interviews.
Ninety percent of organizations originally targeted were
interviewed. To ensure that all key actors were inter-
viewed, we asked interview participants to list who they
considered to be the two most important organizations
(besides their own) for water governance in the region (i.e.,
Wiek et al. 2007). All of those resulting organizations were
interviewed. The interviews first engaged respondents with
the sustainability principles and criteria (allowing for
comments and alternative suggestions). Each respondent
then shared two water-related challenges he or she
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Table 2 Selected organizations involved in the study. Classification
of actors is based on Agrawal (2008)

Key actors

Description

Agencies

Acueductos y Alcantarillados
(AyA)

Ministerio de Ambiente,
Energia y
Telecomunicaciones
(MINAET)

Ministerio de Agricultura y
Ganaderia (MAG)

Local governments

Rural water administrators
(ASADAs)

Municipalities

Service organizations

NicoyAgua Foundation

National Training Institute

Membership organizations

Rural development associations

Ranching commissions

Cooperatives
CooPilangosta
CoopeGuanacaste

Businesses
Costenla S.A.

National water utility mandated
to supply drinking water to the
population

Environment ministry. Umbrella
organization for environmental
management. Nicoya and
Hojancha are managed as
separate sub-regions;
“Conservation Area” branches
manage protected areas. The
Area de Conservacién
Tempisque (ACT) is the
responsible Conservation Area
in the study site

Agriculture and ranching
ministry mandated to promote
economic competitiveness of
Costa Rican agriculture

Community-run groups that
manage rural drinking water
supplies and deliveries. Granted
power to set and collect water
use tariffs.

County-level government that
develops land-use guidelines
outside of nationally protected
areas

Nonprofit water conservation
group in Nicoya administered
by the Potero Caimital
Watershed (PC) Commission,
which promotes basin-level
management

Extension office dedicated to
producer training and education

Community-run groups dedicated
to securing community well-
being and financing local
projects

Local organizations that
disseminate information to
producers and promoting
collective interests

Coffee producer cooperative
Regional electricity provider

Primarily a melon producer and
largest agricultural business in
the area
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perceived to be critical for the region and located those
challenges on the systems map. This information was used
to identify the water-related challenges that actors saw as
prominent in the region and to then visually compare and
group those challenges with the resulting noncompliant
criteria in the appraisal on the systems map. Interviews
lasted an average of 75 min and were conducted face-to-
face from August to December 2010.

Data Collection and Synthesis: Workshops

Three workshops informed the appraisal. The first involved
mostly researchers studying water issues in Guanacaste.
Researchers were from Costa Rica, Colombia, and the
United States. The workshop was held in Palo Verde
National Park, Guanacaste in August 2010. Nine partici-
pants represented the Organization for Tropical Studies,
Universidad de Costa Rica, Centro Agronomico Tropical
de Investigacion y Ensefianza, the International Union for
the Conservation of Nature, and Arizona State University.
Participants broadly evaluated water governance in the
region using the criteria and outlined water-related chal-
lenges. The second and third workshops were held in Ho-
janhca and Nicoya in November 2010. The 20 participants
in these two workshops represented AyA, MINAET, ACT,
ASADAs, MAG, Municipalities, PC Commission, agri-
cultural associations, and producers. Early results of the
nearly finished interviews were presented and discussed,
which allowed for additional input. Nearly all workshop
attendees had participated in the study interviews that had
already engaged them with the water system map. This
experience helped in supporting the diverse groups to
frame the water system using a similar perspective (i.e., its
boundaries were defined and the governance domains were
clear). In an open discussion format, participants used the
criteria across the four domains of the water system to
begin appraising the governance regime. The research team
facilitated and participated in the discussion.

Appraisal Scoring

After the workshops, the research team initially appraised
the governance regime against each criterion (from
Table 1). This first involved filling in the appraisal score
sheet (e.g., Table 3 in the results) with evidence from the
interviews, the workshops, and the parallel governance
analysis research effort (of the same system in Kuzdas
et al. 2014). As a part of this effort, the research team also
organized information from publicly available sources (i.e.,
reports, indicators, monitoring data, etc.) for use as addi-
tional evidence in the appraisal score sheet. To then score
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Table 3 Relative compliance of Guanacaste’s water governance regime with criteria

Appraisal criteria Domain Appraisal results/score sheet

Principle #1: Socio-ecological system integrity | Relative appraisal score: 6/12-50 %

la Maintain minimum surface water flows Supply Data are sparse, but from our initial calculations (Kuzdas et al. 2014) it does
not appear surface flows are currently overtaxed in the wet season. Careful
study is needed of dry season flows, which are minimal, and supply
availability in general. New mechanisms for transparently monitoring
flows are also crucial **

1b Maintain or enhance water resource quality ~ Cross- Residents enjoy regular clean water. MINAET is charged with monitoring
cutting ecosystem health and integrity; however consistent monitoring and
enforcement is a challenge especially outside voluntary initiatives in the
water outflows domain **

lc  Ensure aquifers are not over-taxed Supply There has never been a groundwater study in the Upper Nosara. The
Potrero—Caimital Aquifer was mapped for the first time in 2003 by
Costefla, the largest groundwater-user in the region. This study was
foundational for the subsequent 2006 and 2008 agency studies on aquifer
vulnerability. No reliable information on stocks from an independent
source exists and current protection remains inadequate *

1d Coordinate water uses/impacts within Delivery  ASADAs do not coordinate groundwater extractions or water-use with each
appropriate units use other or with Costefia and other agricultural businesses that use the same
source. Current rules and regulations do not encourage coordination. No

leader facilitates the accumulation of water system knowledge over time *

Principle #2: Resource efficiency & maintenance | Relative appraisal score: 6/12-50 %

2a Reduce or enhance water-use efficiency Use Leadership roles that guide and coordinate public and producer education
efforts are missing. Fractured knowledge of water-use across groups and
communities makes collective goal setting and identifying, targeting, and
evaluating the effectiveness of water-use or demand reduction programs

difficult *
2b Reuse water/recycle wastewater Outflow Reuse and recycling projects are gaining interest, evidenced by several
use recent water re-use and recycling workshops. However lacking

coordination and vagueness (who is responsible to do what) in the water
outflows domain inhibit program implementation **

2c  Eliminate water losses Supply Infrastructure is often maintained well enough; however public funds for
delivery  upkeep are sparse. In the 2010 rainy season for example, AyA took out a
large loan to fund infrastructure maintenance. Infrastructure problems
periodically leave Hojancha without running water **

2d  Groundwater extractions should not exceed Supply Although considered to be one of the better water resources in the region, the
recharge delivery Potrero—Caimital Aquifer has never been sufficiently studied to identify
safe-yield thresholds. Knowledge of groundwater supplies is often
considered by agencies to be the major challenge for managing water in
Guanacaste *

Principle #3: Livelihood sufficiency & opportunity | Relative appraisal score: 6/9-67 %

3a Everyone pursuing livelihood activities has Supply Those covered by AyA and ASADA delivery networks (a majority of
sufficient access to water quality/quantity use people) are generally assured water of sufficient quality and quantity.
Legally all residents have the right to drill private wells for domestic

purposes. However independent rural farmers relying on private wells are

assured neither quantity nor quality and are vulnerable in the dry season **

3b Everyone pursuing economic activities has Supply Wait times for obtaining water permits for economic uses can be
sufficient access to water quality/quantity use exasperating for small farmers. Illegal water extractions are common, and
may be twice as many as recorded legal extractions. Ironically, weak
institutions seem to be allowing equal economic opportunity at the
moment. Increasing scarcity, poor knowledge of how much water people
are using, and weak institutions could turn out to be a detrimental
combination leading to tension in the future **
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Table 3 continued

Appraisal criteria Domain Appraisal results/score sheet
3¢ Fair compensation for affected stakeholders in ~ Supply The Environmental Tribunal Court and pathways within MINAET resolve
case of insufficient access use compensation issues for affected stakeholders and semi-public NGOs are

available to take action on behalf of people. However case-volume and
lengthy litigation processes have limited local access to Courts. Guanacaste
communities are well organized and are capable of mobilizing when fair
compensation is not available. Communities trust in agencies and
government in general has decreased in recent decades (Edelman 1999) **

Principle #4: Socio-ecological civility and democratic governance | Relative appraisal score: 6/9-67 %

4a  All groups who affect/are affected by water ~ Cross- Involving rural communities and large private water-users remains a
are involved in decision making cutting challenge. Agencies often struggle to involve each other in decision-
making, which also creates difficulty involving other groups outside of
central government. But there are collective efforts that aim to broaden
involvement in governance through the PC Commission/NicoyAgua **

4b  Elicit full array of interests/perspectives Cross- Despite calls in the 2004 Management Plan to integrate rural community and
cutting private sector interests, it did not develop strategies to achieve this. The PC
Commission has broadened governance to cover more rural interests in
some cases, though this is often administered in ad hoc fashion **

4c  Establish collaborative endeavors Supply Actors collaborate most effectively in the water supply domain, where civil
delivery society (i.e., the PC Commission) is most active. Community-groups have
successfully partnered with businesses to purchase land for conservation.
Model forest and biological corridor projects are ongoing. Collaboration
however decreases in the other domains as no collective goals for the
regime have been established **

Principle #5: Inter & intragenerational equity | Relative appraisal score: 11/15-73 %

S5a  All residents have access to potable water Supply Virtually all residents have access to potable water ***
5b Define/implement a sufficient level of water  Use Agencies that are most central in the regime (AyA and MINAET) do not
needs beyond basic needs typically coordinate or share information to the extent where such levels of

need could be fairly decided. Poorly organized data of how much water is
going where and for what purpose, the declining legitimacy of national
institutions, and corruption in the national government is likely helping to
erode the mutual trust needed for effective deliberation and
implementation of such decisions *

5c  Ensure fair distribution of benefits/costs Cross- People in the Town of Hojanhca are charged slightly higher water use tariffs
among stakeholders cutting to help cover water transport costs. Accessible and clean water is a right by
Costa Rican law, so in theory costs should not disproportionately burden
one group over another. However regulatory and enforcement gaps
concerning groundwater supplies and in the water outflows domain
potentially allow for some communities to share disproportionate costs
associated with contamination and groundwater depletion **
5d Facilitate involvement among diverse Cross- In some cases, collective organizations are filling roles that attempt to
stakeholders cutting connect and involve diverse groups and communities. Continued support
and leveraging these organizations is vital, as rural involvement in broader
governing processes and decision-making remains limited **

Se Ensure representation of future generations Use A number of environmental NGOs (often financed by international donors
largely concerned with the survival of rare tropical dry forests) who are
involved with the public sector help ensure future generations have a voice
in governing processes ***

Principle #6: Interconnectivity from local to global scales | Relative appraisal score: 6/12-50 %

6a Reduce negative impacts on other areas Supply Downstream coastal communities do not usually see negative impacts. **%*
outflow
6b Plan within the basin context Supply Recent uprisings in nearby rural areas over water transfers have made some

planning processes more concerned with the basin context. Though water
independence is considered important in Hojancha, the role of taking
leadership responsibility to achieve this remains unfilled. **
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Table 3 continued

ppraisal results/score sheet

Appraisal criteria Domain A
6¢c Recognize/coordinate between local and Outflow C
broader scale actors supply

oordination with broader, regional water governance is nonexistent and roles
that effectively connect to broader scale actors are unfilled. Nearby Coastal
communities rely on aquifers that are subject to increasing salinization and
demand. Increased connections between local and broader scales actors, and
a stronger broader regional approach, will be important. *

Principle #7: Precaution (mitigation) and adaptability | Relative appraisal score: 5/9-56 %

7a  Anticipate shortages/quality problems Supply It
7b  Mitigate shortages/quality problems Cross- R
cutting,
use
7c  Adapt to water shortages/quality problems Cross-
cutting

is widely accepted that dryer or more variable climate patterns will be
experienced in the near future. However, procedures that attempt to apply
future planning are often not widely available or used. **

eforestation is typically the only strategy used to mitigate problems. There
is a lack of constructive and open deliberation processes that are able to
devise, compare, and test alternative governance schemes that can more
fully mitigate problems. Local management plans are not currently
binding, nested into larger governing institutions, or enforceable; which
hinders coordinated planning that seeks to mitigate local water problems. *

Mobilizing resources and responding to change is mostly effective in

reforestation contexts; however less evidence indicates that quick and
effective change can be implemented in other efforts related to water
shortages and quality. With apparent limited options to enhance water
supply, there is a need to involve diverse groups to deliberate demand
management alternatives **

Scoring key: * Noncompliance, ** Some compliance, *** Full compliance

the appraisal, we applied a three-tier metric (denoted by
asterisks), which indicates (one*) noncompliance, (two**)
some compliance, or (three***) full or nearly full com-
pliance of the governance regime with a given criterion.
Relative compliance of each sustainability principle was
then calculated by dividing the summed score of individual

criterion within a given principle by the maximum possible

score. We used the resulting average scores as a way to
differentiate three groups of principles that were, relative to
each other, in either high, medium, or low compliance
(Fig. 2). As specified during the appraisal-planning step,

P1: SES Integrity
(6/12, 50%)

P7: Prec. &
Adaptability
(519, 50%)

P2: Resource E&M
(6/12, 50%)

P6: Scale
Interconnect.
(6/12, 57%)

P3: Livelihood S&O
(6/9, 67%)

P4: SE Civility &
Governance (6/9, 67%)

P5: Intra/Inter Gen.
Equity (11/15, 73%)

Fig. 2 Comparing and differentiating relative compliance among
sustainability principles. Length of arrows represents relative sus-
tainability compliance (green high; yellow medium; red low, in
online/PDF version) of individual principles in comparison to others

the scoring assumed that each criterion is equally important
for principles, and each principle is equally important for
sustainability. Averaging scores for each principle was
used, despite the categorical variables, in order to provide
guidance and initial differentiation among principles for
targeted discussions with stakeholders on the principles/
criteria that may require more urgent attention than others.
This technique supported the clear communication of
appraisal results and provided a concise way to summarize
the detailed information contained in the appraisal.

Mapping the Appraisal

Criteria that scored as relatively noncompliant (e.g., one*)
were then placed onto the finalized systems map. To place
criteria onto the map, we used the framework that specifies
which domain(s) each criterion is relevant, along with the
detailed information found within the appraisal itself. The
perceived water-related challenges (from interviews) were
aggregated and grouped using content analysis techniques.
Each of those aggregated groups was then assigned a code
(A-F) and paced into the part of the water system map
where respondents most often mentioned the water-related
challenges (that were included in the grouping) as occur-
ring. This step provided a visual picture of the appraisal
results in comparison to the perceived water-related chal-
lenges, as well as providing indications as to where in the
water system both tend to cluster and which actors (already
on the finished map) were implicated.

@ Springer



214

Environmental Management (2014) 54:205-222

Examining Problem Clusters, Opportunities,
and Finalizing Results

Starting in early 2012, appraisal scoring was vetted and
finalized in an iterative process with partners in the PC
Commission in order to promote relevance of the results.
The PC Commission reviewed a draft document describing
the initial appraisal scoring. After receiving feedback on
the document, we used the marked systems map to visually
group the challenges and noncompliant criteria into clus-
ters (based on the same actors involved in the same part of
the water system map) in order to explore underlying
problem drivers, which if corrected, could help in miti-
gating several noncompliant criteria and water-related
challenges linked to a particular cluster. Accordingly, this
step afforded initial qualitative insight into the negative
effects of interactions among criteria and water-related
challenges within “problem clusters” that were relevant for
the regional water system. This step also provided further
insight into existing opportunities that already produced
positive sustainability effects (as identified in the appraisal)
and could potentially be capitalized on to further increase
those effects. The research team, PC Commission mem-
bers, and a number of other stakeholders from civil society,
agricultural businesses, and ASADAs examined and syn-
thesized the identified clusters and opportunities in a series
of meetings. This process occurred throughout March 2012
in Costa Rica. In April 2012, an executive summary and
final report for the completed appraisal was distributed to
stakeholders in the region.

Appraisal Results
Overview

Of the 25 criteria used to appraise the sustainability of the
water governance regime, for 7 criteria, the regime was
rated as noncompliant (*), for 15 criteria, rated as some-
what compliant (**), and for 3 criteria, rated as compliant
(***). The scoring and appraisal results are detailed in the
score sheet found in Table 3, which includes illustrative
evidence. The relative scores and differentiation of each
principle in comparison to others is illustrated in Fig. 2.
The regime scored relatively low (~50 %) compliance
against four principles—P1: Socio-ecological system
integrity; P2: Resource efficiency and maintenance; P6:
Interconnectivity across scales and P7: Precaution and
adaptability (Fig. 2). For two principles—P3: Livelihood
sufficiency and opportunity and P4: Socio-ecological
civility and democratic governance—the regime received
relatively medium (67 %) compliance scores. By law, cit-
izens are entitled to basic levels of social services and
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wellbeing. Article 50 of Costa Rica’s constitution guaran-
tees clean and healthy environments for citizens. Imple-
menting the mandate of Article 50, however, has become a
challenge for agencies below the provincial-level, which
struggle to coordinate with each other and involve local
communities in decision-making processes. Communities
increasingly seek the power and rights to govern local and
regional resources amidst a historical planning context of
top-down control, which may create friction and, at times,
tension in governing processes. Many of these communi-
ties (and large agricultural businesses) rely on groundwater
reserves that are poorly understood and potentially already
taxed. Noncompliant criteria in the appraisal often related
to three interlinked issues: the current lack of coordinated
groundwater management and protection among ground-
water users and governing actors; the limited available
options for enhancing future water supplies (i.e., surface
flows are minimal in the dry season); and, the limited
capacity to effectively deliberate alternatives to current
water governance schemes due to groundwater users and
some rural groups that are not involved or that may not
trust current governing processes.

For one principle—P5: Intra and intergenerational
equity—the regime earned a relatively high (73 %) com-
pliance score. Nearly all citizens have access to clean
drinking water in the region. Some collective efforts
already collaborate across local branches of government
agencies that typically do not coordinate with each other,
which helps in increasing general collaborative activities in
some places within the governance regime. These efforts
allow for the inclusion, although informally, of some rural
community water-user associations (e.g., ASADAs) within
the region that would otherwise be disconnected from the
governance regime.

Problem Perceptions, Locations, and Clusters

In the interviews, governance actors identified a variety of
perceived water-related challenges ranging from water
quality issues (contamination, monitoring, etc.) to poor
aquifer protection. We tabulated and grouped the perceived
challenges and where in the system actors marked that they
occur as shown in Table 4.

Figure 3 illustrates where in the water system noncom-
pliance with criteria (from the appraisal score sheet in
Table 3) and the aggregated water-related challenges
(Table 4) occur. Based on a visual inspection of the marked
system map in Fig. 3, we see that the perceived water-
related challenges (triangles in Fig. 3) tend to group with
noncompliant criteria from the appraisal (squares in Fig. 3)
in the system. The locations of these “problem clusters”
helps us identify not only where, but also in particular who
is active in the part of the water system where problems or
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Table 4 Perceived water-related challenges in the region and where ~ challenges tend to occur. The system noncompliance with

they were most often mentioned as occurring in the water system criteria and the perceived challenges were found to cluster
Perceived water-related % Of In which domain around four aspects of the regional water governance
challenge interviews mentioned most? regime (Table 5).
mentioned We qualitatively synthesized the underlying features of the
A Contamination, water 38 Supplies regional governance regime that relate to the perceived water-
quality, monitoring and (groundwater) related challenges, system noncompliance with criteria, and
enforcement and Outflows their interactions with each other, which cluster around the
B Unregulated demand growth 34 Use (ecosystem, four following aspects described in the paragraphs below.
& deforestation agriculture) Actions, investments, and governing strategies that address
C  Climate change ? S‘;lf;ptles key issues found in these problem clusters could have positive
otrero— . . . .
Caimital effects on the relative compliance of several criteria.
Aquifer)
D Lack of education & 9 Use Potrero—Caimital (PC) Aquifer
awareness
E Scarcity and drought Supplies The absence of management coordination and poor informa-
F  Poor aquifer protection 5 Supplies tion sharing of water extractions among communities and
(groundwater) groups that share the PC Aquifer bring about several chal-
- Distribution inequalities 1 Delivery [not lenges. Law mandates that agencies should coordinate with
mapped in . . L
Figpp3] each other (in the water sector) and with local organizations,
but how exactly this ought to be organized and who is
1. Supply 2. Delivery 3. Use 4. Outflows
{ aa L ! n:::?«? ] Mu':'ii?;:m ][ ?:::?I}r‘y ‘
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Fig. 3 Results from the appraisal score sheet and perceived water-related challenges are mapped onto the water system. Squares indicate
relatively noncompliant criteria from the score sheet (1a—7c). Triangles indicate water-related challenges perceived by actors (A-F)
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Table 5 Problem clusters in the regional water system grouped from
the water system map (Fig. 3)

Problem cluster Appraisal  Actor Who is implicated on
criteria perceptions the water system
map?

1. Potrero— lc, 1d,2d, A, C, E, F, MINAET, AyA,
Caimital Aquifer 7b ASADA:s,

SENARA,
Development
Associations,
Costena,
NicoyAgua,

II. Regulating 5b, 7b, A, B MINAET, AyA,
institutions, Municipalities,
water ASADAs, MAG,
management Health Ministry,
frameworks Producer

Associations,
Private enterprise/
agriculture

III. Institutional 2a D UNA, MINAET,

ACT-Education,
MAG, Education
and Culture
Institution,
National Training
Institute, NGOs,

leadership, goal
setting, water-
use education

NicoyAgua
IV. Downstream 6c A Rural communities,
integration national agencies,

Potrero—Caimital
Aquifer users and
ASADAs

responsible to do what is not defined. This is a challenge for
creating accessible and coherent knowledge about water
quantities being stored, moved, and used. Local actors indi-
cated that the majority of perceived water-related challenges
in the region involve the PC Aquifer (Table 4). In the past,
stakeholders have struggled to establish effective groundwa-
ter management schemes, despite recognition that other
options for viable water supplies are minimal. As indicated in
interviews and the appraisal, levels of mutual trust between
actors (especially among rural community groups and agen-
cies), which would be needed to execute collaborative man-
agement plans in rural areas where diverse groups rely on
groundwater, appear to be low. Uncertainty regarding water
supply and use of groundwater reserves, combined with
inadequate regulatory institutions, makes reconciliation
among these groups difficult as demonstrated in recent nearby
water conflicts.

Regulatory Institutions/Water Management Frameworks
Inadequate rules that regulate and monitor groundwater

and post water-use drive stakeholder concerns regarding
water quality. A third of interviewees indicated that
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contamination/water quality (especially dealing with
groundwater and in the water outflows domain) is the most
important water-related challenge in the region (Table 4).
In the study area, all central governing actors are national
agencies with the exception of the PC Commission. Insti-
tutional frameworks that dictate how these central actors
operate do not clearly specify who is responsible to do
what in the region. This vagueness allows for excessive
repetition of some responsibilities and leaves voids con-
cerning others. For example, in Hojancha, many actors use
organizational resources in duplicated efforts such as
reforestation-related activities—and promoting tree farm-
ing—often without a broader understanding of its hydro-
logical impacts in the area, while few or no efforts address
groundwater issues or relevant issues in water outflows.
There is no standard for cooperation between Nicoya and
Hojancha, despite Hojancha relying on the PC Aquifer (in
Nicoya) for water supplies. In the study area, the first
Management Plan (Morataya 2004) aimed to create
stakeholder networks—a critical goal considering gaps in
broader institutional frameworks. Results of the first man-
agement plan have been mixed though, since such plans are
not legally enforceable.

Institutional Leadership and Goal seing

The lack of institutional leadership, which helps us drive
collective goal setting and deliberation across boundaries, is
evident. Results highlight, for example, that various water-
use education efforts in the region lack a clear objective. No
actor fills leadership roles that guide environmental/water
demand education efforts in a unified direction, which is a
reflection of the larger issue of unclear governing objec-
tives. Coordinated efforts for sustainable water governance
would involve a constructive process to deliberate and
identify collective goals and alternative ways of governing
water, which in turn requires engagement of diverse
stakeholder groups. Effective stakeholder engagement will
require enduring leadership and commitment, which spans
institutional and administrative boundaries and scales,
which is currently not present. MINAET and AyA are the
two organizations in the positions, at the moment, to drive
goal-setting efforts. However, these two agencies operate in
different domains and largely do not coordinate their
activities. Having two prominent public actors that do not
coordinate their primary functions presents an obstacle for
efforts that seek to define goals and to deliberate and
implement collective actions to meet those goals.

Downstream and Regional Integration

Poor integration of downstream rural communities,
including a lack of clear and accessible vertical
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accountability mechanisms, presents challenges especially
when considering recent conflict events in nearby areas. If
the future does require deliberation processes over new
infrastructure, downstream integration will be important
for open and fair deliberation processes. At the moment,
many of these processes in Guanacaste do not adequately
consider demand management perspectives that could in
some cases provide an alternative to large water infra-
structure and transfer projects (i.e., Gleick 2003). Such
approaches would stand in contrast to the traditional sup-
ply-enhancement-focused methods of water resources
planning in Guanacaste, which (as evidenced by recent
conflicts) is a process that is often closed and is viewed
with suspicion by many rural communities (Kuzdas 2012).
Building downstream integration, especially through
improved vertical accountability and through open delib-
eration of demand management alternatives, may help in
avoiding future conflicts and prove important for sustain-
ability efforts.

Opportunities

The appraisal procedure also yielded four existing oppor-
tunities that already have positive sustainability effects, but
could be further expanded on to multiply those effects:

New Partnerships for Information Sharing

The will to establish venues and science-decision-maker
partnerships to support improved information sharing,
regarding, for example, water extractions and needs, is
demonstrated by recent efforts by the Universidad Nac-
ional (UNA) in Nicoya. UNA has initiated work to syn-
thesize water-use information from ASADAs, and it has
also hosted workshops aimed at promoting water reuse and
recycling in the region. Active institutional leadership for
the region could feasibly be fostered or developed in
partnership with UNA’s programs.

Opportunities for Facilitating Coordination

Grassroots efforts, such as the PC Commission and its
affiliate NicoyAgua, are in a unique position to increase
participation and coordination among ASADA communi-
ties—as well as strengthen ties between AyA and MI-
NAET. The PC Commission is the only actor in the study
area with professional ties to both MINAET and AyA, and
it already has attempted to better include some rural groups
in water governance through informal means. Facilitating
better coordination and unified leadership between the
regional offices of these two central actors (AyA and MI-
NAET) would be one feasible near-term objective that

collective efforts could strive for in order to boost efforts to
develop collective goals and deliberate alternative gov-
erning options.

Transfer Potential

With adequate strategic planning, the coordination efforts
by the PC Commission and other nonstate organizations
could serve as a model for grassroots water governance
efforts throughout Guanacaste and beyond. Operationally,
aiming to be this type of model for the region could fea-
sibly be a powerful motivation and visioning tool for
devising alternative ways of governing water. It could also
function as a visible learning platform for water gover-
nance efforts, and it might inspire new and enduring
leadership in the region.

Existing Management Plan as Starting Point

The 2004 Management Plan established the need to include
more diverse actors into decision-making. An updated Plan
could feasibly be more effective and authoritative if
developed in conjunction with more diverse actors. The
basis of a new Plan could specify and help establish a
localized governing system that offers rural groups formal
practical avenues to participate and provide input into
water governance processes A modified governing process
established by a new Plan could also aim to build con-
sensus through open deliberation of management objec-
tives, to outline responsibilities to monitor system-
sustainability compliance, and to provide the means to
adjust governance strategies as needed.

Discussion

Appraisal Impacts: Utility, Limitations, and Ways
Forward

There is increasing recognition that water governance
research largely struggles to integrate with the needs of
decision-makers and practitioners; and thus often makes
little contribution in terms of directly aiding problem-
solving efforts (Bakker 2012). The Guanacaste case dem-
onstrates that with the right local partnerships, and with the
right timing, sustainability appraisals could be a promising
research endeavor that can aid some problem-solving
efforts. We found that the participatory step of mapping
challenges onto the water system resonated with stake-
holders. More exploration of mapping challenges and
opportunities onto water governance regimes could prove
beneficial. The criteria-based appraisal was appreciated for
its transparency that allowed stakeholders to engage in
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structured discussions. As discussed below, the appraisal
was applied in the study area. But, its application was also
limited in the face of deeply rooted and broader issues. We
argue below that, for research efforts to adequately address
these broader issues, integration with subsequent solution-
oriented research is required.

During the appraisal procedure (2010-2012), the update
process to the Regulatory Plan for the Municipality of
Nicoya was underway. Regulatory Plans contain legally
enforceable policies and designations for land-use zoning
and development in areas that are not nationally protected.
Under the supervision of the Nicoya Regulatory Plan
(NRP) Commission, the two-year update process was ini-
tially completed in February 2012 and followed by a
10-day public comment period. Local communities largely
deemed the plan inadequate due to the vague rules
regarding what can and cannot be done on land over
groundwater resources, which many rural communities rely
on for their drinking water. In response to these objections,
the NRP Commission granted an additional 45-day com-
ment period beginning in April.

During the additional comment period, the PC Com-
mission presented the results of this appraisal to the NRP
Commission. The focal point of the presentation was the
PC Aquifer “problem cluster.” The PC Commission
argued for limiting development that utilizes water from
the PC Aquifer until better coordination could be achieved
and neutral studies commissioned to accurately determine
water supply and needs. As a result, the new Regulatory
Plan strongly limits new development (for the time being)
that uses water from the PC Aquifer. The PC Commission
considers this step to set the stage for collectively formu-
lating goals and alternative ways of governing groundwater
resources in the area. They are using the momentum for
continuing efforts to consolidate a biological corridor in the
region and to begin identifying standards (information
sharing, reporting back, transparency, etc.) for future
research collaborations (i.e., “new partnerships for infor-
mation sharing” opportunity in Sect. 4.3) in order to pro-
mote the relevance of research conducted in the region.
However, core issues for water governance remained
unresolved.

The root of the contentions over the Regulatory Plan
update—the lack of open participation and engagement of
communities in governing processes—was not resolved.
Some rural communities were not able to personally lobby
the NRP Commission as the PC Commission did. One such
community group submitted a 10-page document to the
NRP Commission outlining faults within the Plan that
might allow for new development that the community’s
only (ground)water source could not support. Governing
groundwater resources—and engaging communities in
processes that determine their use, conservation, and
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management—remains a significant challenge in the
broader region. The Regulatory Plan update illustrates that,
in spite of the moderate success of the PC Commission to
put the appraisal to use in policy making, a critical need for
long-term and sustainable water governance is still miss-
ing: the need for diverse groups to constructively deliber-
ate, devise, and implement alternative water governance
schemes in the region.

The PC Commission noted that the appraisal, while
providing some focus for their efforts, did not fully
establish how they should go about those efforts. The
appraisal also did not fully clarify who would need to do
what, where, when, etc., in order to address problems and
ultimately implement alternative ways of governing
water—which would not only require normative, but
instructional/actionable knowledge (Wiek et al. 2012).
While the need to constructively and openly deliberate
alternative governing options, as mentioned in the apprai-
sal, is now being considered in planning that involves the
PC Commission, the appraisal in itself did not automati-
cally result in people “governing water differently” (Wiek
and Larson 2012). Importantly though, the appraisal did
allow the need for “governing water differently” to be
articulated among a variety of local groups, which offers a
valuable starting point for subsequent and integrated
solution-oriented water governance research (Pahl-Wostl
et al. 2013).

Linking subsequent solution-oriented water governance
research to current, engaged research efforts like we pre-
sented above offers a potential path for research to better
support the re-design of inadequate governance regimes.
For example, the PC Commission is especially concerned
with the identified problem cluster of institutional leader-
ship. They initially argued AyA should lead, since it cur-
rently holds a large amount of formal authority. Although
AyA technically holds a seat on the PC Commission, at the
time of the appraisal, AyA was often absent. Efforts were
explored to engage with AyA in new ways; however, the
PC Commission noted that the appraisal provided little
guidance on how to do this or how to develop leaders. The
point here is that the appraisal was limited in its ability to
inspire new ways of addressing challenges. For example,
while AyA might be the default legal choice to lead—it
may not be the best choice. The best choice may not yet
exist. How an innovative leadership scheme, which may
require an alternative governance regime and other pre-
liminary steps, could best be implemented over time is
beyond the scope of an appraisal. For this, solution-ori-
ented research would be necessary. Research has noted that
robust options for solving or addressing complex problems
cannot be deduced from only analyzing or describing
complex problems (Sarewitz et al. 2012; Wiek et al. 2012).
Others have concluded that water governance research in
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particular would highly benefit, in terms of its impact and
utility, from solution-oriented approaches (Bakker 2012;
Pahl-Wostl et al. 2013). This appraisal in Guanacaste val-
idates these perspectives. The appraisal in Guanacaste
proved useful for local groups that were closely involved
with the appraisal procedure. But, further constructive
and solution-oriented research efforts that, for example,
investigate what alternative governance schemes best
address different problems and that devise the steps to
implement and adjust those schemes over time (Reed and
Kasprzyk 2009), could offer the actionable knowledge
needed to fully address complex water problems. We
conclude that descriptive—analytical research efforts are
best carefully integrated with, rather than separated from,
subsequent solution-oriented research.

Considerations for Sustainable Water Governance
in the Central American Dry Tropics

Based on this appraisal, we would expect Principle #1:
Social-ecological system integrity to be a focal point for
sustainable water governance. Like Guanacaste, many
parts of the dry tropics in Central America increasingly rely
on groundwater as an important water resource. Expected
drier conditions could severely affect these resources,
while also limiting the viability of relying on substitute
surface flows for water supplies. Coordinating the sus-
tainable use, management, and protection of groundwater
reserves is a critical challenge for sustainability efforts—
especially considering the typically vague regulatory con-
text of the use, management, and protection of groundwater
reserves in the broader region (Ballestero et al. 2007).
Accordingly, developing and implementing fair governing
processes in line with Principle #4.: Socioecological civility
and democratic governance, i.e., processes that involve the
rural groups that rely on these threatened groundwater
reserves, will be an important endeavor for sustainability
efforts in the broader region.

Achieving compliance with Principle #4 though pre-
sents challenges for much of Central America. For exam-
ple, the low engagement and involvement of rural
communities in decision-making processes, especially
those that concern contested groundwater reserves, has
been found to be an important driver of escalated water
conflicts in Guanacaste (Paniagua and Stocks 2008; Kuzdas
2012). Reconciliation with such rural groups through new
governing processes and mechanisms, in addition to help-
ing in improving system compliance with Principle #4,
could also allow for positive sustainability effects via the
promotion of more effective deliberation with alternative
demand management strategies (which would require the
involvement of rural groups that use groundwater) (Brooks
and Holtz 2009). Such demand management strategies (as

opposed to supply-enhancement strategies) could in turn
also help support positive, mutually reinforced sustain-
ability effects related to Principle #1: Socioecological
system integrity (via better-coordinated groundwater man-
agement and protection) and Principle #2: Resource
maintenance and efficiency considering, in Guanacaste,
citizen’s concerns over potentially taxed groundwater
supplies, the limited options for other water supplies in dry
seasons, and increasing water demand (e.g., Table 4).

In order to promote such positive sustainability effects
along the lines mentioned above, many water governance
regimes in Central America will need to confront deep
social inequalities, lingering poverty, histories of exclusive
control, and rapid political economic changes that have in
some areas fostered deeply rooted feelings of disenfran-
chisement and distrust toward broader governing institu-
tions (Edelman 1999; Booth et al. 2010). Multifaceted and
committed efforts working toward reconciliation (i.e.,
peace and trust building processes), capacity building, and
renewed investment (i.e., technical, financial, and admin-
istrative resources) in these rural, dry tropical regions
offers a start on the path toward addressing key issues for
more sustainable water governance regimes. The Guanac-
aste case affords insight into two potential opportunities for
water governance regimes in the broader region to get
started on this path.

While economic liberalization in the broader region has
generated concerns over public sector capacity (Eakin et al.
2011), there has been a growing influence of private
enterprise and civil society organizations in decision-
making (Bebbington 2005). In Guanacaste, we found that
the efforts of the PC Commission had positive sustain-
ability impacts where public sector roles were diminished.
These roles helped in spurring some coordination across
institutional and jurisdictional boundaries and facilitated
the informal participation of some rural groups in gov-
erning processes. These actions made the water governance
regime relatively more open, just, and collaborative in the
parts where the PC Commission was active. Grassroot
organizations are common in the broader region (Booth
et al. 2010), and although their capacities vary, they do
offer an investment opportunity that, combined with the
right partnerships and in appropriate settings, could pro-
duce positive impacts.

The second opportunity that we might expect are
“policy windows” that can potentially be used to distribute
more governing authority to local, regional, and basin-level
planning efforts that already occur, but with limited formal
authority, in many places (Rogers 2002). Despite not being
a silver bullet, well-designed and alternative schemes that
better disperse authority could potentially allow for deci-
sion making that is more in-tune and responsive to the
challenges that more rural, dry tropical regions face such as
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governing groundwater in a climate threatened and socially
contested context. These “windows” may come unex-
pectedly and seem limited, as the Regulatory Plan update
process in Guanacaste illustrates, but may, nonetheless, be
a first step. For example, the PC Commission reported its
lobbying efforts during the Plan update helped in increas-
ing its confidence and in solidifying its position as a
respectable governance actor in the area, which it considers
a positive a step toward utilizing the “transfer potential”
opportunity that is described in Sect. 4.3. Other “windows”
may take on different forms. For example, Eakin and Le-
mos (2010) note the trend has been for smaller-scale
managers and administrators to experiment with new pol-
icy instruments such as “risk atlases” and “ecological
ordinances.” Scenarios and basin-scale plans have been
used in Guanacaste communities, and they could feasibly
build on sustainability appraisal efforts in order to support
groups to constructively engage with, devise, and test
alternative ways of governing water (Kuzdas et al. 2013).
These “policy windows” offer opportunities that could
support and strengthen the collective organization of local
actors to more effectively confront and positively influence
broader governing issues that currently promote negative
sustainability effects on dry tropical water systems.

Conclusion

The sustainability appraisal was a valuable tool that pro-
vided normative knowledge of how well water governance
in Guanacaste operated. While results suggested well-tar-
geted efforts could help people remedy interlinked prob-
lems, the appraisal in itself provided limited evidence-
based instructions that would address how to go about
resolving those problems over time. Additional and
expanded efforts are critically needed to deliberate,
implement, and test alternative ways of governing water
that can overcome broader governing issues. Accordingly,
water governance research that integrates descriptive—
analytical components, solution-oriented components, and
real-time problem-solving efforts is a high priority that
could help support sustainable water governance in Gua-
nacaste and beyond. As a start for these efforts, the Gua-
nacaste appraisal suggested two critical points for
sustainable water governance in the Central American dry
tropics: (1) devising alternative governance schemes for
improved groundwater management and protection; and
(2) renewed efforts and investments to reconcile with rural
communities, especially those that rely on groundwater
reserves. Two existing opportunities that could be lever-
aged to start addressing these critical points include (1)
investing in existing grassroots organizations that already
make positive sustainability impacts; and (2) leveraging

@ Springer

“policy windows” to gradually disperse more decision-
making, planning, and monitoring authority to local,
regional, and basin-scale actors that already attempt to
innovate water governance practices, policies, and norma-
tive principles.

Acknowledgments The authors are grateful to members of the PC
Commission. Their partnership, insights, and enthusiasm were
instrumental in this work. The authors are very appreciative for the
support with regard to interviews provided by Heiner Rosales and
Gabriela Morera. Mariel Yglesias provided outstanding support and
helped coordinate many efforts related to this project. Comments
from George Basile, Hallie Eakin, and three reviewers improved this
article. Work presented here was financially supported by research
grants from the Organization for Tropical Studies, Arizona State
University, and the Centro Agronémico Tropical de Investigacion y
Ensefanza.

References

Agrawal A (2008) The role of local institutions in adaptation to
climate change. Paper for the Social Dimensions of Climate
Change, Social Development Department. World Bank, Wash-
ington DC

Alley WM, Leake SA (2004) The journey from safe yield to
sustainability. Ground Water 42(1):12-16

Anderson ER, Cherrington ER, Flores Al, Perez JB, Carrillo R,
Sempris E (2008) Potential impacts of climate change on
biodiversity in Central America, Mexico and the Dominican
Republic. CATHALAC/USAID, Panama City

Bakker K (2012) Water security: research challenges and opportu-
nities.  Science  337(6097):914-915.  doi:10.1126/science.
1226337

Ballestero M, Reyes V, Astorga Y (2007) Groundwater in Central
America: its importance, development and use with particular
reference to its role in irrigated agriculture. In: Giodorno M,
Villholth KG (eds) The Agricultural Revolution: Opportunities
and Threats to Development. CAB International, Wallingford,
pp 100-128

Bebbington A (2005) Donor-NGO relations and representations of
livelihood in nongovernmental aid chains. World Dev
33(6):937-950. doi:10.1016/j.worlddev.2004.09.017

Biermann F, Abbott K, Andresen S, Béckstrand K, Bernstein S et al
(2012) Transforming governance and institutions for global
sustainability: key insights from the earth system governance
project. Curr Opin Environ Sustain 4(1):51-60. doi:10.1016/j.
cosust.2012.01.014

Biswas AK, Rached E, Tortajada C (eds) (2009) Integrated water
resources management in latin america. Routledge, New York

Booth JA, Wade CJ, Walker TW (2010) Costa Rica. In: Booth JA,
Wade CJ, Walker TW (eds) Understanding central america:
global forces, rebellion, and change, 5th edn. Westview,
Boulder, pp 61-79

Brooks D (2006) An operational definition of water demand
management. Int J Water Resour Dev 22(4):521-528. doi:10.
1080/07900620600779699

Brooks DB, Holtz S (2009) Water soft path analysis: from principles
to practice. Water Int 34(2):158-169. doi:10.1080/0250806090
2839940

Eakin E, Lemos MC (2010) Institutions and change: the challenge of
building adaptive capacity in Latin America. Glob Environ
Change 20(1):1-3. doi:10.1016/j.gloenvcha.2009.08.002


http://dx.doi.org/10.1126/science.1226337
http://dx.doi.org/10.1126/science.1226337
http://dx.doi.org/10.1016/j.worlddev.2004.09.017
http://dx.doi.org/10.1016/j.cosust.2012.01.014
http://dx.doi.org/10.1016/j.cosust.2012.01.014
http://dx.doi.org/10.1080/07900620600779699
http://dx.doi.org/10.1080/07900620600779699
http://dx.doi.org/10.1080/02508060902839940
http://dx.doi.org/10.1080/02508060902839940
http://dx.doi.org/10.1016/j.gloenvcha.2009.08.002

Environmental Management (2014) 54:205-222

221

Eakin H, Eriksen S, Eikeland PO, Oyen C (2011) Public sector reform
and governance for adaptation: implications of New Public
Management for adaptive capacity in Mexico and Norway.
Environ Manag 47(3):338-351. doi:10.1007/s00267-010-9605-0

Edelman M (1999) Peasants against globalization: rural social
movements in Costa Rica. Stanford University Press, Stanford

Folke C, Hahn T, Olsson P, Norberg J (2005) Adaptive governance of
social-ecological systems. Annu Rev Environ Resour 30(1):441-473.
doi:10.1146/annurev.energy.30.050504.144511

Galaz V, Biermann F, Folke C, Nilsson M, Olsson P (2012)
Global environmental governance and planetary boundaries: an
introduction. Ecol Econ 81:1-3. doi:10.1016/j.ecolecon.2012.02.
023

Gibson RB (2006) Sustainability assessment: basic components of a
practical approach. Impact Assess Proj Apprais 24(3):170-182.
doi:10.3152/147154606781765147

Gleick PH (2003) Global freshwater resources: soft-path solutions for
the 21st century. Science 302(5650):1524-1528. doi:10.1126/
science.1089967

Grigg NS (2010) Governance and management for sustainable water
systems. IWA, London

Holtz G, Brugnach M, Pahl-Wostl C (2008) Specifying “regime”—a
framework for defining and describing regimes in transition
research. Technol Forecast Soc 75:623-643. doi:10.1016/j.
techfore.2007.02.010

Imperial MT (1999) Institutional analysis and ecosystem-based
management: the institutional analysis and development frame-
work. Environ Manag 24(4):449-465

INEC (2011) Costa Rica Census. Instituto Nacional de Estadistica y
Censos de Costa Rica. San José, Costa Rica.

ITCR (2008) Costa Rica Atlas. Instituto Tecnologia Costa Rica, San
José

Kemp R, Parto S, Gibson RB (2005) Governance for sustainable
development: moving from theory to practice. Int J Sustain Dev
8(1/2):12-30

Kuzdas (2012) Unpacking water conflict in Guanacaste, Costa Rica:
Why some conflicts escalate, why some remain intractable, and
why we can be optimistic about the future. GWF Discussion
Paper 1242, Global Water Forum, Canberra. http://www.
globalwaterforum.org/2012/10/16/unpacking-water-conflict-in-
guanacaste-costa-rica/

Kuzdas C, Yglesias M, Warner B (2013) Governing Costa Rica’s
water resources. solutions 4(4):31-36. http://www.thesolutions
journal.com/node/23918

Kuzdas C, Wiek A, Warner B, Vignola R, Morataya R (2014)
Integrated and participatory analysis of water governance
regimes: The case of the Costa Rican dry tropics. School of
Sustainability working paper, Arizona State University, Phoenix

Langsdale SM, Beall A, Carmichael J, Cohen SJ, Forster CB, Neale T
(2009) Exploring the implications of climate change on water
resources through participatory modeling: case study of the
Okanagan Basin, British Columbia. J Water Resour Plann
Manag 135(5):373-381. doi:10.1061/(ASCE)0733-9496

Larson KL, Wiek A, Keeler LW (2013) A comprehensive sustain-
ability appraisal of water governance in Phoenix, AZ. J Environ
Manag 116:58-71. doi:10.1016/j.jenvman.2012.11.016

Lockwood M (2010) Good governance for terrestrial protected areas:
a framework, principles, and performance outcomes. J Environ
Manag 91(3):754-766. doi:10.1016/j.jenvman.2009.10.005

Lubell M, Leach W, Sabatier PA (2008) Collaborative watershed
partnerships in the epoch of sustainability. In: Mazmanian D,
Kraft ME (eds) Toward sustainable communities, 2nd edn. MIT
Press, Cambridge, pp 255-288

Ludwig D (2001) The era of management is over. Ecosystems
4(8):758-764. doi:10.1007/s10021-001-0044-x

Madrigal R, Alpizar F, Schliiter A (2011) Determinants of perfor-
mance of community-based drinking water organizations. World
Dev 39(9):1663-1675. doi:10.1016/j.worlddev.2011.02.011

MINAET (2008) Plan Nacional de Gestion Integrada de los Recursos
Hidricos. Ministerio de Ambiente, Energia, y Telecomunicaci-
ones. San José, Costa Rica

Morataya R (2004) Plan de Manejo de las Cuencas Potrero y
Caimital. Comision para el Manejo de las Cuencas Potrero y
Caimital/ASO Tempisque. Nicoya, Costa Rica

Ostrom E (1990) Governing the commons: the evolution of institutions
for collective action. Cambridge University Press, Cambridge

Ostrom E (1992) Crafting institutions for self-governing irrigation
systems. Institute for Contemporary Studies, San Francisco

Ostrom E (2007) A diagnostic approach for going beyond panaceas.
P Natl Acad Sci USA 104(39):15181-15187. doi:10.1073/pnas.
0702288104

Ostrom E (2009) A general framework for analyzing sustainability of
social-ecological systems. Science 325:419-422. doi:10.1126/
science.1172133

Ostrom E (2011) Background on the institutional analysis and
development framework. Policy Stud J 39(1):7-27. doi:10.1111/
j-1541-0072.2010.00394.x

Pahl-Wostl C (2008) Requirements for adaptive water management.
In: Pahl-Wostl C, Kabat P, Moltgen J (eds) Adaptive and
integrated water management: coping with complexity and
uncertainty. Springer, Berlin, pp 1-22

Pahl-Wostl C, Kranz N (2010) Water governance in times of change.
Environ Sci Policy 13(7):567-570. doi:10.1016/j.envsci.2010.
09.004

Pahl-Wostl C, Holtz G, Kastens B, Knieper C (2010) Analyzing
complex water governance regimes: the management and
transition framework. Environ Sci Policy 13(7):571-581.
doi:10.1016/j.envsci.2010.08.006

Pahl-Wostl C, Lebel L, Knieper C, Nikitina E (2012) From applying
panaceas to mastering complexity: toward adaptive water
governance in river basins. Environ Sci Policy 23:24-34.
doi:10.1016/j.envsci.2012.07.014

Pahl-Wostl C, Vorosmarty C, Bhaduri A, Bogardi J, Rockstrom J,
Alcamo J (2013) Towards a sustainable water future: shaping the
next decade of global water research. Curr Opin Environ Sustain
5:1-7. doi:10.1016/j.cosust.2013.10.012

Paniagua F, Stocks G (2008) Conflict in Sardinal: The case of Costa Rica’s
first public-private partnership for water infrastructure development.
Bob Graham Center for Public Service, University of Florida

Ramirez-Cover A (2007-2008) Conflictos socioambientales y recur-
sos hidricos en Guanacaste; una descripcion desde el cambio en
el estilo de desarrollo (1997-2006). Anuario de Estudios
Centroamericanos 33-34, 359-385

Reed PM, Kasprzyk J (2009) Water resources management: the myth,
the wicked, and the future. J Water Resour Plann Manag
135(6):411-413. doi:10.1061/(ASCE)WR.1943-5452.0000047

Rhodes RAW (1996) The new governance: governing without
Government. Polit Stud 44(4):612-667. doi:10.1111/.1467-
9248.1996.tb01747.x

Rockstrom J, Steffen W, Noone K, Persson A, Chapin FS et al (2009) A
safe operating space for humanity. Nature 461(7263):472-475.
doi:10.1038/461472a

Rogers, P. (2002). Water governance in Latin America and the
Caribbean. Draft for presentation at the Inter-American Devel-
opment Bank’s Annual Meetings in Fortaleza, Brazil, March 7

Rogers P, Hall AW (2003) Effective water governance. Global Water
Partnership Technical Committee, Stockholm

Sarewitz D, Clapp R, Crumbley C, Kriebel D, Tickner J (2012) The
sustainable solutions agenda. New Solut 22(2):139-151. doi:10.
2190/NS.22.2.c

@ Springer


http://dx.doi.org/10.1007/s00267-010-9605-0
http://dx.doi.org/10.1146/annurev.energy.30.050504.144511
http://dx.doi.org/10.1016/j.ecolecon.2012.02.023
http://dx.doi.org/10.1016/j.ecolecon.2012.02.023
http://dx.doi.org/10.3152/147154606781765147
http://dx.doi.org/10.1126/science.1089967
http://dx.doi.org/10.1126/science.1089967
http://dx.doi.org/10.1016/j.techfore.2007.02.010
http://dx.doi.org/10.1016/j.techfore.2007.02.010
http://www.globalwaterforum.org/2012/10/16/unpacking-water-conflict-in-guanacaste-costa-rica/
http://www.globalwaterforum.org/2012/10/16/unpacking-water-conflict-in-guanacaste-costa-rica/
http://www.globalwaterforum.org/2012/10/16/unpacking-water-conflict-in-guanacaste-costa-rica/
http://www.thesolutionsjournal.com/node/23918
http://www.thesolutionsjournal.com/node/23918
http://dx.doi.org/10.1061/(ASCE)0733-9496
http://dx.doi.org/10.1016/j.jenvman.2012.11.016
http://dx.doi.org/10.1016/j.jenvman.2009.10.005
http://dx.doi.org/10.1007/s10021-001-0044-x
http://dx.doi.org/10.1016/j.worlddev.2011.02.011
http://dx.doi.org/10.1073/pnas.0702288104
http://dx.doi.org/10.1073/pnas.0702288104
http://dx.doi.org/10.1126/science.1172133
http://dx.doi.org/10.1126/science.1172133
http://dx.doi.org/10.1111/j.1541-0072.2010.00394.x
http://dx.doi.org/10.1111/j.1541-0072.2010.00394.x
http://dx.doi.org/10.1016/j.envsci.2010.09.004
http://dx.doi.org/10.1016/j.envsci.2010.09.004
http://dx.doi.org/10.1016/j.envsci.2010.08.006
http://dx.doi.org/10.1016/j.envsci.2012.07.014
http://dx.doi.org/10.1016/j.cosust.2013.10.012
http://dx.doi.org/10.1061/(ASCE)WR.1943-5452.0000047
http://dx.doi.org/10.1111/j.1467-9248.1996.tb01747.x
http://dx.doi.org/10.1111/j.1467-9248.1996.tb01747.x
http://dx.doi.org/10.1038/461472a
http://dx.doi.org/10.2190/NS.22.2.c
http://dx.doi.org/10.2190/NS.22.2.c

222

Environmental Management (2014) 54:205-222

Wiek A, Larson KL (2012) Water systems, people, and sustainabil-
ity—a framework for analyzing and assessing water governance
regimes. Water Resour Manag 26(11):3153-3171. doi:10.1007/
s11269-012-0065-6

Wiek A, Zemp S, Siegrist M, Walter A (2007) Sustainable
governance of emerging technologies—critical constellations in
the agent network of nanotechnology. Technol Forecast Soc
29(4):388-406. doi:10.1016/j.techsoc.2007.08.010

@ Springer

Wiek A, Ness B, Brand FS, Schweizer-Ries P, Farioli F (2012) From
complex systems analysis to transformational change: a com-
parative appraisal of sustainability science projects. Sustain Sci
7(1):5-24. doi:10.1007/s11625-011-0148-y

Young OR, King LA, Schroeder H (2008) Institutions and environ-
mental change: principal findings, applications, and research
frontiers. MIT Press, Cambridge


http://dx.doi.org/10.1007/s11269-012-0065-6
http://dx.doi.org/10.1007/s11269-012-0065-6
http://dx.doi.org/10.1016/j.techsoc.2007.08.010
http://dx.doi.org/10.1007/s11625-011-0148-y
https://www.researchgate.net/publication/262426091

	Sustainability Appraisal of Water Governance Regimes: The Case of Guanacaste, Costa Rica
	Abstract
	Introduction
	Case Study Background: Guanacaste Province

	Framework for Analyzing and Appraising Regional Water Governance Regimes
	Actors, Activities, and Institutions
	Interface with the Natural Environment (Hydro-Ecology)
	Interface with the Built or Engineered Environment (Infrastructure)

	Research Design
	Appraisal Planning
	Data Collection: Interviews
	Data Collection and Synthesis: Workshops
	Appraisal Scoring
	Mapping the Appraisal
	Examining Problem Clusters, Opportunities, and Finalizing Results

	Appraisal Results
	Overview
	Problem Perceptions, Locations, and Clusters
	Potrero--Caimital (PC) Aquifer 
	Regulatory Institutions/Water Management Frameworks 
	Institutional Leadership and Goal seing 
	Downstream and Regional Integration

	Opportunities
	New Partnerships for Information Sharing
	Opportunities for Facilitating Coordination
	Transfer Potential
	Existing Management Plan as Starting Point


	Discussion
	Appraisal Impacts: Utility, Limitations, and Ways Forward
	Considerations for Sustainable Water Governance in the Central American Dry Tropics

	Conclusion
	Acknowledgments
	References


