
Downloaded from UVicSpace Research & Learning Repository 

dspace.library.uvic.ca 

Bright but flickering lights of sustainable, community-

based groundwater supply and management: ASADAS in 

Costa Rica 

Róger Madrigal-Ballestero, Tom Gleeson, Mariaclara López-Ruiz, & 

Aaron Benhur Castillo-Cruz 

2025

Faculty of Science

Faculty of Engineering and Computer Science
Faculty Publications 

© Madrigal-Ballestero, Gleeson, López-Ruiz, & Castillo-Cruz. This is an open access 

article distributed under the terms of the Creative Commons CC BY 4.0 
License: https://creativecommons.org/licenses/by/4.0/. 

Original citation: 

Madrigal-Ballestero, R., Gleeson, T., López-Ruiz, M., & Castillo-Cruz, A. B. (2025). 

Bright but flickering lights of sustainable, community-based groundwater supply and 

management: ASADAS in Costa Rica. Environmental Research Letters, 20. 051002. 
https://doi.org/10.1088/1748-9326/adc58d



Environ. Res. Lett. 20 (2025) 051002 https://doi.org/10.1088/1748-9326/adc58d

OPEN ACCESS

RECEIVED

31 January 2025

REVISED

13 March 2025

ACCEPTED FOR PUBLICATION

26 March 2025

PUBLISHED

8 April 2025

Original content from
this work may be used
under the terms of the
Creative Commons
Attribution 4.0 licence.

Any further distribution
of this work must
maintain attribution to
the author(s) and the title
of the work, journal
citation and DOI.

PERSPECTIVE

Bright but flickering lights of sustainable, community-based
groundwater supply and management: ASADAS in Costa Rica
Róger Madrigal-Ballestero1,∗, Tom Gleeson2, Mariaclara López-Ruiz1

and Aaron Benhur Castillo-Cruz1
1 Centro Agronómico Tropical de Investigación y Enseñanza (CATIE), Cartago, Turrialba, Costa Rica
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1. Introduction: illuminating the
management of an invisible resource

Groundwater, a quintessential invisible natural
resource, is often misunderstood and mismanaged
due to scale and management approaches as well
as geographic and disciplinary biases (Giordano
2009, Gleeson et al 2020, Lall et al 2020). While
groundwater management and sustainability dis-
cussions typically focus on large scales, such as
regional aquifers and global analyses (Scanlon et al
2023), it is crucial to recognize that groundwater
systems and sustainability occur across multiple
scales (Foster et al 2013), from individual wells to
large aquifers and even global virtual groundwater
trade (Dalin et al 2017). Groundwater management
and sustainability have often emphasized top-down
approaches for controlling individuals and pumps.
However, a shift towards focusing on communities
and aquifers is emerging, particularly in the Global
South (Zwarteveen et al 2021). Developing regional
groundwatermodels and global groundwater datasets
often underrepresents conditions in the Global South
(Zamrsky et al 2025, Huggins 2025). Groundwater
management has historically centered on the discip-
line of physical hydrology, by focusing on fluxes (e.g.
recharge) and stores (e.g. water table levels or ground-
water storage), minimizing the importance of gov-
ernance and social or cultural aspects (Villholth and
Conti 2017). To illuminate the invisible, we highlight
a successful but little-known network of community-
based groundwater management organizations in the
Global South as an example of a bright but flick-
ering light of groundwater sustainability. Insights
from this network may be useful internationally in
both the global south and leap-frogging approaches
to management in the global north. This example is

consistent with the goal of this Focus Issue, which is
to further our understanding of groundwater sup-
ply, usage, governance, and dynamics as a social-
ecological system (Huggins et al 2023).

In most Latin American countries and other
parts of the Global South, community-based drink-
ing water organizations (CWOs) are the leading water
supply for human consumption in rural areas, signi-
ficantly improving access for poor and marginalized
households. In contrast to the prevalence of govern-
mental water utilities in urban areas, CWOs, locally
known in Costa Rica as ASADAS, are the main pro-
viders in rural areas (Bernedo Del Carpio et al 2021,
Madrigal et al 2024). The ASADAS are locally elec-
ted organizations providing drinking water in areas
where government and private companies would not
be incentivized to operate. They promote demo-
cratic values and the achievement of UN Sustainable
Development Goals, and are responsible for ensur-
ing safe water quality, protecting watersheds, main-
taining water infrastructure, and resolving intra-and
inter-communitywater conflicts.However, while suc-
cessful examples exist, many face challenges associ-
ated with financial sustainability, land use change, the
technical capacities of local leaders, and their capacity
to cope with external drivers of change (Madrigal et al
2024).

A substantial body of literature on environmental
governance and sustainability has documented
the ability of communities to govern their shared
resources successfully (Baggio et al 2016, Ostrom
2009). This research finds that natural resource man-
agement arrangements are often more effective when
local communities design rules and programs tailored
to local social and environmental conditions. Many
ASADAS are good examples of successful bottom-
up approaches for groundwater and surface water
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delivery that suggest plausible development pathways
for fostering a better future in the Anthropocene
(Bennett et al 2016). This paper illuminates ASADAS
as a bright but flickering light of community-led
groundwater management. We consider their per-
formance, governance and key challenges, drawing
from national datasets and our experiences. While
approximately half of ASADAS demonstrate high
performance, many struggle with water quality, infra-
structure maintenance, and long-term leadership
succession. Emerging polycentric governance struc-
tures, including federations of ASADAS, offer poten-
tial solutions by strengthening political advocacy,
knowledge-sharing, and resource access. ASADAS
offer valuable insights for groundwater governance,
emphasizing the importance of community-driven
solutions over conventional pump- and individual-
focused management.

2. Bright lights: ASADAS’ characteristics
and performance

From the 1960s to the 1990s, there was a boom in
the construction of public drinking water infrastruc-
ture in Costa Rica. In most cases, the government
delegated the administration to ASADAS. Therefore,
many of these organizations have been operating for
approximately 60 years, with ongoing strong endorse-
ment and financial support from various generations
from local communities. This management model is
one of the major reasons why Costa Rica has a very
high coverage of safe drinking water in rural areas
compared to neighboring countries (Madrigal et al
2011).

Although Costa Rica is a relatively small country
(51 100 km2), one distinctive feature of ASADAS is its
diversity of size, water sources, delivery approaches,
and governance structures. There are approximately
1200 ASADAS nationwide, serving ∼300 households
on average (see figure 1(a) and table 1 for details).
These providers rely on a combination of ground-
water and surface water to feed piped water systems
with in-house connections. Pumped groundwater
plays amore prominent role, especially in Guanacaste
Province, in the northwest on the Pacific coast (see
figure 1(b)). In this region, the dry season (Dec–
April) is more pronounced, and the topography is
flatter and lower than the central mountainous range
that crosses the country from north to south. In other
regions of Costa Rica, gravity-fed systems from sur-
face water are the most common water source. They
are generally less expensive to operate since they do
not require electricity for pumping.

Table 1 summarizes some key features of CWOs
in Costa Rica, according to the type of water-feeding

technology. Micro-metering seems to be more pre-
valent in pumped systems, which could be due to
higher incentives to rationalize water consumption
through fees, especially during the dry season in
Guanacaste Province. Fewer hours of wells pumping
reduce total water withdrawal but also electrical con-
sumption, which is a financial relief for CWOs relying
on groundwater.

Costa Rica is renowned for its extensive ter-
restrial protected area system, which covers approx-
imately 30% of the nation. Despite this, ASADAS
are filling the conservation gaps that the govern-
ment or private owners cannot or choose not to
address, particularly concerning lands for the pro-
tection of water resources. As shown in table 1,
18% of ASADAS that rely on gravity-fed systems
have invested in land for conservation purposes.
These communities primarily acquire land around
or near springs to fence off and exclude human
activities that could potentially contaminate sur-
face water and promote water infiltration. In con-
trast, given the complexity of groundwater dynamics,
ASADAS relying on pumped systems probably have
lower incentives to acquire conservation land because
of the difficulties in identifying areas with poten-
tial for recharging aquifers or the lack of capacity
to distinguish the direct effect on minimizing some
productive activities (e.g. cattle) on water quality.
Notably, ASADAS with pumped systems are predom-
inantly found in Guanacaste province (figure 1(b)),
part of the Central American dry corridor, one of
the most vulnerable and exposed regions to severe
droughts and water scarcity caused by climate change
(Pörtner et al 2022).

Evaluating the performance of ASADAS is com-
plex due to the multidimensional nature of perform-
ance and the limitations of available data (Madrigal
et al 2011). Despite this, government authorities have
attempted to measure performance through an index
that categorizes these organizations based on water
quality indicators, watershed protection activities and
having various organizational features, such as legal
status and audited financial reports. This index shows
that approximately half of the ASADAS exhibit rel-
atively high-performance levels regardless of feed-
ing technology (see table 1). In addition, figure 1(c)
shows that high- and low-performing ASADAS are
scattered throughout the country with no precise spa-
tial location or agglomeration by regions. It is worth
mentioning that the relatively high number of under-
performing ASADAS suggests considerable room for
improvement in rural water management in most
areas of the country, potentially enhancing the sus-
tainability of these systems and improving the quality
of the water service delivered.
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Figure 1. Characteristics of ASADAS in Costa Rica including (a) number of households served; (b) water source shown by feed
technology; (c) performance evaluation; and (d) polycentric water governance.

3. Flickering lights: current challenges and
emerging approaches, including
polycentric governance

Costa Rica’s legal framework acknowledges water
as a public good and access to clean water as a
fundamental human right3. While the state owns the
water, it can provide use rights to organized com-
munities and other users. The ICAA (Costa Rican
Institute of Water and Sewerage) was established
in 1961 by the government to oversee and manage
drinking water infrastructure. Since water is a public
good by law, the ICAA signs delegation agreements

3 As per Environmental Law (Asamblea Legislativa 1995) and an
amendment to article 50 of the Political Constitution of Costa Rica
(Asamblea Legislativa 2020).

Table 1. CWOs’ descriptive statistics, according to feeding
technology.

Pumped Gravity-fed Mixed

Number of CWOs 316 722 151
Households served (average) 248 376 367
%Micro-metering 95 81 94
% High performance 49 44 49
% Own land for protection 7 18 10

Source: AyA (2024), Registro Nacional (2024).

with ASADAS to transfer temporary rights (water
withdrawal and infrastructure management) to sup-
ply drinking water.

Despite this governance context, sustain-
able management of water resources for all uses
is hindered by government organizations that
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often have unclear mandates, insufficient staff,
and inadequate budgets. In general, groundwater
regulations have been less well developed than sur-
face water, and their implementation remains a signi-
ficant challenge due to the governmental constraints
that characterize water management in the country
(Cuadrado-Quesada et al 2018). As a result, some
ASADAS and other stakeholders have been providing
ad hoc responses to particular and urgent problems in
water management but not in a holistic and planned
manner (Cuadrado-Quesada et al 2018).

An interesting feature of rural water governance
in Costa Rica is its emerging polycentric approach.
Ideally, polycentricitymeans that governance involves
multiple independent decision-making centers that
interact with each other within a system (Ostrom
2010). While many ASADAS have successfully
delivered water to their communities for over sixty
years, there is growing concern about their ability to
address external threats such as climate change, urb-
anization, and agricultural expansion (Fundación
Avina 2024). In response to these challenges, some
CWOs are considering how they can work together
by organizing into federations (networks or second-
level organizations of polycentric governance), typic-
ally made up of 10–20 ASADAS. Federations aim to
strengthen communities’ political voices and are hubs
where local leaders can receive training and resources
needed to support local governance.

The number of networks has been growing rap-
idly over the last decade. There are 26 federations
representing ∼25% of ASADAS nationwide (see
figure 1(d)). Also, there is an increasing shift towards
networking at the national level (third-level organ-
ization of polycentric governance) to unite all fed-
erations (UTN 2020). Today, Costa Rica has some
of Latin America’s largest network of community
water organizations. Figure 1(d) shows that these net-
works tend to be concentrated on the North Pacific
and North Atlantic coasts. In addition, a compar-
ison with figure 1(b) suggests that most individual
ASADAS within these networks rely on groundwa-
ter technology. However, these basic observations,
alongwith others that could lead to interesting policy-
relevant conclusions, need to be further explored and
tested by rigorous analytical methods. Bridging these
knowledge gaps is crucial to provide a more compre-
hensive understanding and support the development
of effective policies and strategies. Furthermore, the
networks or federations of ASADAS are an exciting
experiment by which communities are attempting to
‘scale up’ their locally devised rules or arrangements.
However, there is no scientific evidence on whether
and how these networks will effectively address their
systems’ internal needs and external threats or how

they could achieve their intended objectives effect-
ively. Additional concerns are that some federa-
tions might crowd out local CWOs, particularly the
poorer and smaller organizations. Although federa-
tion leaders seek advice on the best ways to advocate
for their communities, and governmental and non-
governmental organizations ask how they can sup-
port these grassroots efforts, there is no comprehens-
ive approach to support the strengthening of this
novel polycentric governance approach.

Although ASADAS are often seen as a success-
ful management model, they face challenges that
could threaten this community governance structure.
Regarding their human capital, despite the strong
willingness to contribute ad honorem to the well-
being of their communities, most community lead-
ers lack sufficient technical training in fundamental
aspects of hydrology, climate, technical operation
of water infrastructure, and administrative manage-
ment, among others. Additionally, there is significant
uncertainty regarding the replacement of long-term
leaders. Although many ASADAS attempt to engage
youth from the communities through various means,
their direct involvement is challenging, greatly com-
plicating the succession of board members and the
sense of ownership by the new generations.

Additionally, ASADAS’s financial sustainability
is weak in many cases. Although the initial water
supply infrastructure was built by the government,
in recent years, governmental support regarding
training and financial resources has been minimal.
Therefore, ASADAS rely heavily on the fees they
charge, which the national public services regulator
sets. Unfortunately, while these fees are generally suf-
ficient to cover operational expenses, in many cases,
they are insufficient to replace infrastructure that has
exceeded its useful life or to efficiently address adverse
natural events such as earthquakes or hurricanes,
which are frequent in the country.

Finally, one of the major shortcomings in man-
aging ASADAS is the quality of the water provided
and its potential negative impact on human health.
Approximately one-third of ASADAS cannot meet
national water quality standards for human con-
sumption.While this is often due to inadequate chlor-
ination of the systems, the health risk is also sig-
nificantly influenced by the impact of agricultural
activities and uncontrolled urban growth. Given the
government’s limited capacity to effectively mitig-
ate these threats, some ASADAS have opted to pur-
chase areas near water sources for conservation pur-
poses. However, as mentioned earlier, the percentage
of ASADAS that manage to acquire land is relatively
low. Moreover, in most cases, these purchases are not
supported by technical criteria indicating which areas
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are ideal for protection or theminimumarea required
to achieve a significant impact.

4. Future outlook, fit into global context
and policy recommendations

This perspective article showcases a bright light (the
promising efforts in community-based groundwater
and surface water management in Costa Rica) that is
also flickering (with significant challenges that must
be addressed to strengthen and upscale these efforts),
which furthers our understanding of groundwater
supply, usage, governance, and dynamics as a social-
ecological system, a goal of this Focus Issue. Following
other important work on ASADAS, we humbly hope
this article elevates CWOs in Costa Rica as one more
example of focusing groundwater management on
communities, rather than pumps and individuals
(Zwarteveen et al 2021).We contribute to the ground-
water sustainability literature in two additional ways:
by elevating the importance of governance (Villholth
and Conti 2017) of groundwater sustainability as a
social-ecological system (Huggins et al 2023) and
by better representing conditions in one country in
the Global South. We conclude by discussing policy
implications or recommendations as well as future
research directions.

Current challenges ASADAS are facing include
human capital, financial sustainability, and water
quality. For this model to address current problems
and medium- to long-term threats and become a
bright example of seeds of a good Anthropocene,
a concerted effort is required among communities,
various central government authorities, academia,
and others. Initiatives should focus on effectively
implementing water laws and governance into a
polycentric approach, improving access to financing,
enhancing capacity building, generating accessible
and timely relevant information, and improving the
uptake of modern technologies, among other aspects.
Although these recommendations apply to the Costa
Rican case, they can be considered principles or good
practices that could support other countries in the
Global South improve groundwater management.
However, caution must be exercised when extrapol-
ating lessons from this case due to the ecological, cul-
tural, socio-economic, and political differences that
influence water governance.

Promising future research directions include
work within Costa Rica, as well as internationally.
Costa Rica is a useful location for future research
because of some distinct aspects compared to other
parts of the Global South, including the prevalence
and culture of nature preservation and the polycentric
governance of community water organizations. For
example, how do CWOs benefit from or contribute

to the prevalence and culture of nature preserva-
tion in Costa Rica? And how do the polycentric gov-
ernance networks address ASADAS’ internal needs
and external threats, or how could they achieve
their intended objectives effectively? This research
could strengthen this novel polycentric governance
approach as well as synergies with nature conser-
vation and water management. Another interesting
research direction is considering if or how ASADAS
are an example of a transformation of groundwa-
ter sustainability practices of situating, tinkering,
and caring for groundwater (Dominguez Guzmán
et al 2023). Since many other regions have less
emphasis on nature preservation and polycentric gov-
ernance, important research questions are: How can
approaches or lessons learnt in Costa Rica be helpful
(or not) in other regions? Finally, it would be inter-
esting to explore how approaches or lessons learnt
in Costa Rica could be useful (or not) to leap-frog
approaches to management in other regions, espe-
cially in the context of climate change and increasing
competition across traditional and emergent water
users.
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