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Abstract

Effective water governance is essential for sustainable development amidst water scarcity
challenges in semi-arid regions like Esmeraldas Province, which has substantial agro-
tourism potential. Yet, fragmented governance and chronic water shortages threaten its
viability. Using a mixed-method approach, this study analyzed how sustainable water
governance can support agrotourism development in Esmeraldas Province, Ecuador. This
study combined policy gaps analysis, stakeholder surveys (policymakers, farmers, com-
munity leaders, and tourism operators), and water availability using the Standardized
Precipitation Evapotranspiration Index (SPEI) from 1980 to 2022. The results revealed
a lack of policy regulation and water infrastructure as the major governance gaps that
need more intervention. The survey respondents indicated that water is mainly used for
domestic and economic activities and the conservation of natural ecosystems. The SPEI
revealed a significant drought trend falling below −3, with severe drought years coinciding
with many crop losses and a fall in tourism. This study highlights the interconnection
between water governance and agrotourism in Esmeraldas, Ecuador, proposing a strategic
framework that incorporates adaptive governance principles and inclusive participation
mechanisms, emphasizing targeted capacity building to strengthen water management
practices and enhance the Sustainable Development Goals for agrotourism resilience.

Keywords: agrotourism; sustainable water governance; rural development; water policy;
SPEI; Esmeraldas; Ecuador

1. Introduction
Water is a critical natural resource, indispensable for life, environmental well-being,

and economic development [1]. However, water resources are becoming increasingly
threatened due to climate change impacts and a growing demand from agriculture, indus-
tries, and domestic sectors, as well as pollution [2]. Agriculture consumes nearly 70% of
global freshwater withdrawals, and inefficient water use in this sector poses significant
risks to the environmental sustainability and economic stability of communities that rely
heavily on agriculture [3]. Therefore, effective water governance is essential to achieve
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equitable, efficient, and sustainable management of water resources in the face of growing
social, economic, and environmental pressures. Recognizing the urgency of these issues,
numerous actors and agencies have initiated frameworks, partnerships, and policy reforms
to strengthen water governance at the local, national, regional, and international levels [4].
According to OECD [5], water governance encompasses the “range of political, institutional
and administrative rules, practices and processes through which decisions are taken and
implemented, stakeholders can articulate their interests and have their concerns considered,
and decision-makers are held accountable for water management.”

Esmeraldas, a province in Ecuador known for its cultural richness and biodiversity,
possesses significant potential for agritourism. By integrating the agriculture and tourism
sectors, the region can promote sustainable rural development and generate new socio-
economic opportunities [6]. However, this potential is constrained by several challenges,
including the impacts of climate change, inadequate water infrastructure, institutional
fragmentation, inefficient water use, and socio-economic inequalities [7]. For instance, less
than 50% of households in most cantons of Esmeraldas have access to running water, while
sewer coverage remains below 6% in most rural areas [8]. This limited access to water is
further worsened during peak tourism periods. A notable example occurred in August
2017, when the influx of 40,000 tourists to Atacames forced local authorities to ration water
and rely on tanker deliveries to meet demand [9].

Environmental degradation has further intensified the water governance crisis. Be-
tween 1990 and 2018, Esmeraldas province lost about 308,000 hectares of forest, which
compromised watershed regulation and increased sediment loads in rivers [10]. In 2007,
about 60% of residents resided in areas highly susceptible to flooding and landslides,
revealing deeper governance failures rooted in marginalization and vulnerability [11].
Additionally, illegal mining and agro-industrial runoff have chronically polluted rivers in
the province. Recently, on 13 March 2025, a major oil spill from the rupture of the Trans-
Ecuadorian Pipeline System (SOTE) released 25,166 barrels of crude oil, leaving nearly
500,000 residents without potable water [12] and over 51,500 households in urgent need
of emergency assistance [13]. These recurring environmental crises underscore the urgent
need for effective water governance frameworks that integrate social, administrative, and
political systems to ensure resilient water management [14].

In recent years, there has been growing interest in water governance to achieve global
goals such as the United Nations‘ Sustainable Development Goals (SDG 6—clean water
and sanitation), as well as water security amid climate change and growing demand.
Scholars and international organizations typically conceptualize water governance through
the following three main paradigms: integrated water resources management (IWRM),
the human right to water and sanitation, and polycentric governance. These paradigms
insist on cross-sectoral planning at the hydrological scale, prioritize equitable access, and
distribute authority across interacting centers so that learning and mutual accountability
can co-exist, respectively [15–17]. Despite these efforts, water governance is still unevenly
adapted and implemented globally. For instance, Latin America has made significant
progress with rights-based and participatory water governance models [18], while many
African countries, despite having integrated water resources management (IWRM) institu-
tions, continue to face limited capacity and inconsistent financing, which undermine the
ability to achieve the SGD 6 targets [19,20]. Similarly, while most Asia–Pacific countries
have adopted modern water policies, critical gaps persist in data availability, regulatory
enforcement, and stakeholder engagement, which could force about 3.4 billion people to
live in water-stressed regions by 2050 [21].

Therefore, this study aims to evaluate how sustainable water governance and its
potential can support agrotourism development in Esmeraldas Province, Ecuador, through
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a mixed-methods approach. Specifically, questionnaires were administered to relevant
stakeholders in order to identify and prioritize the key challenges impeding water gover-
nance in Esmeraldas Province using multi-criteria decision analysis (MCDA). In addition,
we also analyzed existing legal and policy frameworks to identify the institutional and
regulatory impediments in Esmeraldas province. Finally, we quantified water availability
in this province during 1980–2022 using the Standardized Precipitation Evapotranspiration
Index (SPEI), a drought index.

2. Materials and Methods
A methodological flowchart of the procedures used in this study is presented in

Figure 1, and the methods used are discussed in detail in this section.

 

Figure 1. Flowchart of the study plan.

2.1. Study Area

Esmeraldas, an ecological and natural-resource-rich province, is located on the north-
ern Pacific coast of Ecuador, with an area of 15,232.60 km2 (Figure 2). The province
comprises 65 autonomous governments, as follows: 7 administrative cantons, 11 urban
parishes, and 57 rural parishes. Currently, Esmeraldas’ population is estimated to be
approximately 643,000, with 44.9% residing in rural areas and engaging in agricultural
activities [22].

Due to its diversity and strategic location, Esmeraldas’ economy relies heavily on
tourism and agriculture as the main activities, with the oil industry, commerce, and fishing
as secondary activities. The province has a hot semi-arid climate influenced by the Hum-
bold Current (HC), featuring a wet season from January to April and a dry season from
May to December, annual temperatures ranging between 22 and 25 ◦C, and precipitation
levels between 500 mm and 7000 mm, primarily influenced by the El Niño and La Niña
phenomena [23], making water governance crucial for its sustainability.
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Figure 2. Esmeraldas Province map and its administrative cantons.

2.2. Data Collection

Data collection for this study was organized into three main phases. First, we con-
ducted a review of existing legal and policy frameworks to identify qualitative and quan-
titative gaps relevant to water governance in Esmeraldas Province. Next, we gathered
stakeholder perceptions using a multi-criteria approach and administered a structured
survey to key actors in the province. Finally, we collected and analyzed environmental data
through statistical and meteorological methods. To capture diverse perspectives, we devel-
oped four tailored questionnaires targeting farmers, policymakers, agrotourism operators,
and community leaders. These surveys were distributed electronically via Google Forms
(accessible at https://docs.google.com/forms/u/0/) between 15 January and 2 March
2025. Each participant received a clear introduction that explained the survey’s purpose
and emphasized the voluntary and anonymous nature of participation. Informed consent
was obtained in accordance with institutional ethical guidelines, and respondents were
encouraged to provide honest and thoughtful answers, knowing that their insights would
contribute to research on sustainable water governance. To ensure clarity and accessibility,
the questionnaires were initially composed in English and then translated into Spanish, the
official language of the study area.

2.2.1. Water Governance’s Gaps Review in Esmeraldas, Ecuador

According to Ecuador’s Constitution [24], its overall water governance focuses on
sustainability and equality, formalized in the “Ley Orgánica de Recursos Hídricos, Usos,
y Aprovechamiento del Agua” (Ecuadorian Organic Law on Water Resources, Uses, and
Development of Water) [25,26]. This establishes a legal framework prioritizing equity
and sustainability in water governance, granting water as a national strategic resource
and a public good under state regulation. This law identifies, creates, and introduces a
zoned system that categorizes water allocation into districts based on priority (Figure 3),
showcasing categories in their order of importance.

https://docs.google.com/forms/u/0/
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Figure 3. Water allocation into district use priority.

At the local level, Water Users’ Associations (WUAs) are fundamental to community-
based water management. These associations are divided into the following two main
types: Agua Potable, which manages the allocation of drinking water, and Riego, which
oversees water resources for irrigation and agricultural use [27]. These associations foster
community unification and self-water governance, particularly in impoverished and rural
areas, where municipal services are limited [28]. A lack of technical and financial resources
limits institutional abilities to address infrastructural needs [29].

Regardless of this legal foundation, remarkable gaps persist in the effective implemen-
tation of water governance, particularly in Esmeraldas Province [8,30]. Recent studies high-
light several structural and institutional challenges, including poor coordination among
national, provincial, and local authorities, which result in fragmented regulations and
inconsistent policy execution [31,32]. Furthermore, the limited participation of stakeholders
and community members in decision-making processes undermines the adaptability and
legitimacy of governance frameworks [26,33–35].

The absence of incentives and regulations to promote efficient water use in agro-
tourism further intensifies competition between the agricultural, tourism, and domestic
sectors [36,37]. Insufficient investment in water infrastructure, such as treatment systems,
storage, and distribution, reduces the province’s capacity to respond to both acute crises
and chronic shortages, as evidenced by recent droughts and pollution incidents [12]. Envi-
ronmental degradation, including contamination from mining, agriculture, industry, and
deforestation, also threatens water quality and availability [10,11,38–40]. These pressures
are aggravated by climate change, which increases the severity and frequency of floods and
droughts, thereby challenging the resilience of the tourism and agricultural sectors [41].

A regional and international analysis stresses that while Ecuador’s legal framework is
progressive, its practical application is hindered by gaps in data availability, stakeholder
engagement, enforcement, and adaptive capacity [42]. In the agrotourism context, these
governance gaps manifest the insufficient integration of water management with the
limited adaptation of water-saving technologies, rural development strategies, and a lack
of participatory mechanisms for resource allocation and conflict resolution [43,44].

2.2.2. Multi-Criteria Analysis

The study used qualitative and quantitative instruments to determine the replicates
or number of observations. The survey sample size was calculated using the Cochran
Equation (1) based on the total population, with a margin of error of ±6% and a confidence
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level of 95%. Firstly, 268 responses were collected; however, 18 were excluded due to
incomplete or invalid entries, resulting in a final sample of 250 valid responses.

Finite population : ni =
n

1 + z2 × p̂(1− p̂)
ε2 N

(1)

where z is the z-score, ε is the margin of error, N is the population size, and p̂ is the
population proportion. Of the 250 respondents, 70 were farmers, 64 were policymakers, 85
were agrotourism operators, and 31 were community leaders.

Multi-criteria analysis was used to determine the relative importance of each identified
challenge using Equation (2). This equation has been used in previous studies, as shown
in Table 1. This method enables a systematic comparison by assigning weight based on
stakeholder perspective and expert judgement.

Relative challenges gap weighti =
Number o f gap mentionsi

Total responses
(2)

Table 1. Studies that applied frequency-based weighting methods in different fields.

SN Field Method Author

1 Environmental management Weight as frequency Reed et al. [45]
2 Policy analysis Weight as frequency Hermans et al. [46]
3 Agricultural systems Weight as frequency Castella et al. [47]

2.2.3. Water Availability Analysis

To assess the influence of climate variation on water availability in Esmeraldas
Province, this study applied the Standardized Precipitation Evapotranspiration Index
(SPEI). The SPEI is a widely recognized index that allows for the comparison of drought
and flood severity across different times and spaces [48]. The SPEI was calculated us-
ing monthly climate data. The monthly water balance equation was calculated using
Equation (3), as follows:

Di = Pi − PETi (3)

where Di is the difference between precipitation (P) and potential evapotranspiration (PET)
at month. Di values accumulated over k months were calculated using Equation (4) [49,50],
as follows:

Di = ∑k−1
n=0 Pi−1 − PETn−1 (4)

where n is the number of months and k represents the selected timescales (3, 6, and
12 months).

The Thornthwaite approach, a common approach for estimating potential evapotran-
spiration, was used in this study due to limited available meteorological datasets [51]
(Equation (5)). This method has also been widely used in studies in Ecuador [52–56]
as follows:

PETi = 16K
(

10Ti
I

)m
(5)

where Ti is the average of monthly temperatures, I is the annual heat constant, K is the
correction factor, and m is an empirically derived exponent.

The accumulated Di series is fitted to a three-parameter log-logistic distribution (6),
as follows:

F(x) =

[
1 +

(
α

x − γ

)β
]−1

(6)
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where F(x) replaces values for Di at different time scales, adapted to the empirical values at
different observations, separately from climate characteristics and time scale analysis [50,57]
α, β, and γ scale, shape, and origin parameters. The SPEI values were interpreted as shown
in Table 2.

Table 2. Classification of drought and wetness conditions according to SPEI values.

SPEI Values Categorization

SPEI ≥ 2 Extremely wet
1.5 ≤ SPEI < 2 Very wet
1 ≤ SPEI < 1.5 Moderately wet
0.5 < SPEI < 1 Normal

−1 < SPEI < −0.5 Mild drought
−1.5 < SPEI ≤ −1 Moderate drought
−2 < SPEI ≤ −1.5 Severe drought

SPEI ≤ 2 Extreme drought

2.3. Software and Statistics

Primary data were obtained from surveys using questionnaires and descriptively analyzed.
Secondary data, including literature reviews from different sources [8,24–26,28,31,39,58–60]
and climate data obtained from NASA Power (v2.4.15) [61], were analyzed using RStudio
(v4.2.3) and the SPEI package to assess drought and flood trends at different time scales.

3. Results
3.1. Policy Gaps Analysis

To advance sustainable agrotourism development, a systematic review was employed.
This analysis employed the OECD [5] multi-level governance framework to structure
gap analysis in alignment with the Ecuadorian environmental legal framework, “Texto
Unificado de la Legislación Secundaria del Ministerio del Ambiente” (Ecuadorian Unified Text of
Secondary Legislation of the Ministry of the Environment), which provides the basis for
water governance at the local and national levels [60], complemented with the main issues
identified for the stakeholders’ perspective (Table 3). This approach presents a classification
of water use relevant to the region and its definitions based on Ecuador’s primary regulatory
sources. The analysis identified political, administrative, and fiscal constraints, outdated
laws, limited institutional coordination, and inadequate public investment as the most
critical obstacles to equitable access to water for agriculture, touristic activities, and other
important economic sectors. These gaps not only hinder sustainable water resource use, but
also erode the possibility of water management and agrotourism development synergies in
the semi-arid setting of the region.

Table 3. Relevant gaps across water use and their definition.

Gap in Water Governance Water Use Definition

Policy Water for human consumption
and domestic use

Absent or outdated regulations fail to guarantee
safe and equitable access for local communities.

Administration Water for agricultural use
Lack of coordination between institutions
responsible for crop productivity, irrigation limits,
and agrotourism potential.

Funding Water for livestock use No public investment hinders the maintenance of
water (infrastructure) related to farms.
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Table 3. Cont.

Gap in Water Governance Water Use Definition

Information Water for the preservation of
aquatic and wildlife

Inadequate data on ecosystem water needs (limits
conservation efforts) is crucial for biodiversity.

Capacity Water for recreational use Institutional limits and a lack of trained personnel
in managing recreational waters.

Objective Water for agricultural
use + recreational activities

Governance objectives are not aligned with the
growth of agrotourism, neglecting irrigation
development for tourism-linked farms.

Accountability All water types
Weak enforcement leads to misuse and
overextraction, affecting the sustainability of
agrotourism operators.

3.2. Multi-Criteria Analysis (Stakeholders’ Survey)
3.2.1. Demographic Analysis

The sociodemographic characteristics of 250 respondents among the four stakeholder
groups provide important insights (Table 4). The highest proportion of the respondents
were young, under 30 years old, with a notable portion (29–36%), indicating a work-
force that can quickly adapt to new agricultural and tourism initiatives. The educational
background varied notably across sectors, where policymakers showed the highest level
(university) at 52%. In comparison, an appreciable percentage of community leaders (39%),
farmers (29%), and agrotourism operators (28%) had no formal training. This educational
gap strikes the adaptation of sustainable water practices, as higher education recurrently
correlates with the implementation of innovative agricultural methods and increased aware-
ness. Regarding expertise, most participants had 1–10 years of service, with the policymakers
leading the category at 87%; geographically, Esmeraldas emerged as the most represented
sector, particularly among policymakers (64%) and agrotourism operators (59%), highlight-
ing its significance in governance and economic activities. This demographic and cantonal
distribution suggests that policies promoting agrotourism through effective water manage-
ment should address educational gaps among key stakeholders and focus on places like
Esmeraldas, where tourism and agriculture are prominent. Implementing training programs
on sustainable water governance, particularly for farmers and tourism operators, could
strengthen economic diversification while ensuring long-term environmental sustainability.

Table 4. Sociodemographic characteristics of the participants.

Characteristics
Responses in Percentage of the Sample (n = 250)

Farmers Policymakers Community L. Ag.Tourism O.

Number of participants 70 64 31 85
Age
Below 30 years 29% 36% 35% 34%
31–40 26% 26% 29% 18%
41–50 20% 22% 13% 23%
51–60 8% 11% 13% 14%
Above 61 years 17% 5% 10% 11%
Education Level
Elementary school 11% 3% 0% 8%
Secondary school 21% 20% 19% 35%
University degree 13% 52% 19% 18%
Other education 9% 11% 0% 1%
No degree 29% 0% 39% 28%
No response 17% 14% 29% 10%



Water 2025, 17, 2215 9 of 20

Table 4. Cont.

Characteristics
Responses in Percentage of the Sample (n = 250)

Farmers Policymakers Community L. Ag.Tourism O.

Service years
Below 1 year 4% 3% 10% 18%
1–10 54% 87% 74% 22%
11–20 17% 2% 3% 14%%
21–30 10% 5% 7% 10%
Above 30 years 15% 3% 6% 36%
Cantón
Esmeraldas 47% 64% 36% 59%
Quinindé 30% 14% 29% 10%
Rioverde 7% 11% 6% 6%
Eloy Alfaro 2% 1% 10% 6%
Atacames 3% 3% 10% 8%
Muisne 4% 5% 3% 65
San Lorenzo 7% 2% 6% 5%

Note: Community L—Community Leaders, Ag. Tourism O—Agrotourism Operators.

3.2.2. Water Use Perception Analysis

Figure 4 shows the water sourcing and usage patterns among agrotourism providers
in Esmeraldas Province (n = 85). The data reveals that human consumption, including
domestic and economic activities, is the highest priority, followed by recreational activities
and agricultural irrigation. This hierarchy highlights a clear priority given to drinking
water, tourism, and crop production, while little attention is paid to ecosystem conservation.

 

Figure 4. Water use and main water resource analysis integration.

More than half of the respondents relied primarily on municipal supply. A substantial
proportion also depended on natural sources such as rivers and lakes, whereas only a
small percentage utilized personal cisterns or rainwater collection systems. These findings
reveal two critical insights. First, the sector’s heavy dependence on municipal and natural
water sources exposes agrotourism operations to risks associated with supply interrup-
tions, environmental variability, and infrastructure failures. Second, the low adoption of
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alternative or resilient water sources, such as rainwater collection, suggests a basic and
limited strategy for adaptation and a potential governance gap to promote sustainable
water management practices.

Expectedly, the water governance in Esmeraldas faces complex challenges, as revealed
by a cross-analysis of the stakeholder groups and the relative weight of each identified
governance gap. By examining both Figure 5 and Table 5, it becomes evident that the most
pressing issues, such as unclear policies, inadequate infrastructure, and financial support,
are not experienced equally across all sectors.

Figure 5. Comparative insights on water governance challenges among stakeholder groups.

Table 5. Assessment of governance challenges by mention frequency and relative weight.

Governance Gap Challenge Number of Mentions Total Responses Relative Weight (Pi)

Lack of policies and regulations 65 250 0.26
Lack of water infrastructure 50 250 0.20

Limited collaboration between institutions 15 250 0.06
Lack of governmental support 34 250 0.136
Insufficient financial support 35 250 0.14
Water resource availability 34 250 0.136

Environmental impact 17 250 0.068

The data emphasizes the relevance of focused, stakeholder solutions, offering a strate-
gic basis to strengthen sustainability synergies concerning water governance and agro-
tourism for the semi-arid Esmeraldas environment.

3.3. Water Availability Index—SPEI Analysis

The stakeholder survey conducted on a five-point Likert scale shows that nearly
half of the respondents (48.6%) regarded overall water scarcity as the most pressing chal-
lenge, while an additional 21.4% pointed to drought. In total, 45.7% of rural water de-
mand is met by rivers as the primary source supplier; to quantify these vulnerabilities,
the SPEI (flowchart Figure A1) was applied using data from 1980 to 2022, revealing in-
creased droughts.

The most severe droughts occurred in the 2000s. Several SPEI values fell below −3,
indicating extreme water deficits (Figure 6). These trends pose direct risks to agrotourism,
which depends on reliable access for its agricultural activities and visitor services. The
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increase in drought frequency and intensity is linked to the El Niño and La Niña phenomena
and the Humboldt Current wet-season features, changes in atmospheric patterns, and
delays in rainy seasons, watersheds, and deforestation degradation in Esmeraldas.

Figure 6. Temporal variation in SPEI at different timescales (1, 3, 6, 9, and 12 months).

Between 2000 and 2022, the discharge at San Mateo intake on the Esmeraldas River
dropped by 45–60%, with most visible case in 2017 [62]. These operational records classify
Esmeraldas among the five provinces with the highest drought impacts, resulting in about
USD 15 million agricultural losses [63]. A local newspaper [64,65] reported the highest
crisis related to water availability in Esmeraldas during this period. Studies have also
demonstrated the connection between meteorological data and hydrological variables [57],
particularly in the drought assessment, associating them with higher water demand. Hence,
the SPEI revealed intensive droughts affecting the water availability in rivers, aquifers, and
other human-use sources.

3.4. Actionable Solutions

The qualitative and quantitative analysis results show that water governance in Esmer-
aldas is unprepared to support agrotourism as a sustainable economic strategy. Establishing
an adaptive and integrated water governance model to leverage agrotourism as a sustain-
able economic strategy in Esmeraldas is essential. The lack of clear intersectoral strategies,
inadequate infrastructure, and weak institutional coordination constitute major obstacles.
Therefore, we propose a conceptual governance framework that synthesizes stakeholder
perspectives and existing gaps (Figure 7) [42]. The model advocates intersectoral collabo-
ration, participatory governance, and strategic investments to strengthen the resilience of
agriculture and tourism.
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Figure 7. Multi-criteria analysis agrotourism framework based on sustainable water governance.

The conceptual framework illustrates the main gaps identified during the sustain-
able water governance analysis outlined in Table 5 and summarizes the multi-criteria
approach based on the perspectives and findings obtained. The framework provides a clear
roadmap to address the most pressing governance gaps, guiding future government poli-
cies, stakeholder collaboration, and investment priorities to ensure resilient and sustainable
agrotourism in Esmeraldas Province.

The framework fosters sustainability synergies between water governance and agro-
tourism development in Esmeraldas Province, highlighting the major governance chal-
lenges and strategic levels, as presented in Table A1. For every challenge, the table offers
targeted solutions ranging from policy changes and innovative financing to technologi-
cal improvements and stakeholder cooperation, which not only solve water scarcity in a
semi-arid context, but also open new business potential in these dry regions.

Adaptation Strategies for Agrotourism in Semi-Arid Regions

Although integrating stakeholders’ perception, policy gaps analysis, and the SPEI
within the water governance framework supports agrotourism development, it is essential
to implement key strategies to address the diversification of agrotourism activities by
reducing water dependence [66–68]. In semi-arid regions like Esmeraldas, the adaptation
to water scarcity and climate variability is indispensable to enhance the synergy between
water governance and sustainable agrotourism and promote local livelihoods. Some of the
adaptation strategies include the following:

a. The adoption of drought-resistant crops, such as cassava (yuca), sweet potato (camote),
and pigeon pea, provides a well-established strategy to save water, improve biodiver-
sity, and promote agroecosystem resilience [69].

b. The adoption of water-saving technologies like smart irrigation technologies and
greywater recycling ensures that both agriculture and tourism activities receive an
optimal amount, thus increasing sustainability.

c. The diversification of agrotourism activities can be achieved through incorporating
more cultural heritage activities such as traditional festivals, entrepreneurship fairs,
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and agroproductive fairs. These events were implemented as an adaptation strategy
during the COVID-19 emergency [70–75].

d. Sensitization and environmental education should be implemented. Considering
that efficient water management and agrotourism development depend heavily on
community involvement, it is crucial to promote environmental education aimed at
reducing water misuse and ensuring that relevant stakeholders, including agrotourism
operators, tourists, and farmers, are fully aware of responsible water use [76,77].

4. Discussions
Water governance in Ecuador presents a paradox: although the country has a pro-

gressive legal framework [27], reality reveals the deficit in governance implementation,
including insufficient coordination between different government levels [31,32] in many
regions, particularly in Esmeraldas. This interferes with the sustainability of agrotourism
in the province [30]. Key challenges, including a lack of water infrastructure and gaps in
policies and regulations, are the main issues affecting all stakeholders, which indicates a
common concern about institutional and structural failure. This fragmentation is exacer-
bated by weak stakeholder engagement mechanisms, particularly the limited participation
of farmers and rural residents directly affected by water management policies [26,33–35].

Competing demands for water from agriculture, tourism, and human consumption in-
tensify these challenges, particularly in the absence of adequate regulations and incentives
for efficient water allocation in emerging agrotourism sectors [36,37]. Additionally, the
framework addresses balancing through several interconnected governance components:
stakeholders’ cooperation, efficient technologies adoption, and water allocation practices.
Acute events like droughts and chronic water treatment, storage, and distribution defi-
ciencies worsen situations [12]. Furthermore, environmental degradation due to mining,
deforestation, and agriculture adversely affects water quality and availability [38–40].
Climate change is putting additional pressure on the province’s fragile infrastructure,
manifesting in more frequent and severe floods and droughts, which negatively impact
agriculture and tourism [41]. A clear example is the pronounced and persistent drought
scenarios that Esmeraldas experienced from the early 2000s through the 2010s, visible in
Standardized Precipitation Evapotranspiration Index (SPEI) values reaching below −3,
indicating severe extreme drought and affecting the potential development of the agro-
tourism sector in the province, as obtained by the SPEI analysis [49]. Although droughts
have always been a natural part of the climatic patterns in the area, the frequency and
intensity of droughts are increasing, mainly due to global warming, deforestation, and
human-induced forest degradation [11]. Studies based on modeling and observations
suggest that the droughts occur due to decreased precipitation and a delayed onset of
the rainy season, resulting in a longer dry season, especially during El Niño and/or the
Oceanic and Atmospheric Niño Index years [78]. Through the SPEI, we could highlight an
alarming trend: climate-induced droughts are not isolated anomalies, but a growing norm
threatening rural water supplies [2]. These conditions, confirmed by Intergovernmental
Panel on Climate Change (IPCC) projections and recent research in tropical regions [49],
compromise food security and the sustainable tourism objectives set out in SDG 8.9, which
aim to create jobs while promoting local products and culture [79].

The multi-criteria decision analysis (MCDA) conducted as part of this study revealed
that, while infrastructure deficiencies are a major problem, they are symptomatic of a
deeper problem: rigid, inflexible governance structures unable to respond to dynamic
environmental challenges. Comparisons with adaptive and community-based models in
Bolivia and Peru highlight that more resilient water governance is both possible and nec-
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essary [78]. In Esmeraldas, the prevailing reactive attitude limits long-term sustainability,
particularly in agrotourism, which relies heavily on access to quality water.

It is also important to note that civic engagement and behavior change challenges are
inextricably linked to educational attainment. Many farmers and tourism operators lack
formal education, which limits their participation in governance and their ability to adopt
innovative practices. This reveals the need for SDG 4 to provide inclusive, quality education
as a foundation for sustainable development [80] and supports UNESCO’s assertion that
access to knowledge is the foundation for meaningful civic engagement [81]. Addressing
these constraints would not only accelerate progress toward SDG 6.4, which encourages
improving water use efficiency, but also align Esmeraldas with global best practices [82].

Limitations and Prospects

This study explores the sustainability synergies between water governance and agro-
tourism development in a semi-arid region in Ecuador. It also developed a sustainable
framework that proposes context-driven and practical solutions to the water governance
challenges in water-scarce areas and climate-vulnerable regions. However, the study
acknowledges several limitations that could be addressed to improve the accuracy and
depth of its analysis. For instance, incorporating methodologies such as the Adaptive
Participatory Integrated Approach (APIA), co-production frameworks, Analytic Hierarchy
Process (AHP), or Delphi technique could foster stronger local engagement and enhance
institutional ownership of water governance processes. Such participatory methods would
also help to legitimize decision making and ensure that governance reflects the needs and
perspectives of a broader range of stakeholders. Another limitation lies in the sample size;
although 250 respondents provided valuable insights, this number may not fully capture
the diversity of stakeholders in the region. In this study, the prioritization of governance
gaps was based on the frequency with which these challenges were mentioned by the
respondents. This method was appropriate for the exploratory nature of the study, as the
primary objective was to identify the most pressing water governance challenges in the
region. As the first analysis of its kind in this region, the relative weight approach could
provide an important baseline for future studies. Despite these limitations, the study pro-
vides a critical foundation for understanding the relationship between water governance
and agrotourism in semi-arid Ecuador. The findings not only highlight key challenges, but
also set the stage for more in-depth, participatory, and methodologically intensive research
in the future.

5. Conclusions
Our evidence shows that water governance and agrotourism are not competing agendas, but

mutually reinforcing levels for rural resilience. By aligning climate triggers, fiscal incentives,
and participatory institutions, Esmeraldas can transform its current “ping-pong gover-
nance” into a coherent system capable of delivering SDG 6 (Clean Water and Sanitation) and
SDG 8 (Decent Work and Economic Growth) outcomes in tandem. The study demonstrated
the critical need for better water management systems to sustain both agriculture and
tourism in Esmeraldas Province, Ecuador. The study integrated surveys, climatic data, and
policy studies to create a holistic picture of the difficulties confronting water management
and consumption in the area. It became evident that the existing system is not functioning
as it should, since many people do not have reliable access to clean water, infrastructures are
in poor condition, and key stakeholders like farmers and local communities are frequently
kept from vital decisions. One of the most significant implications is that tackling these
challenges does not simply mean constructing more pipelines or creating new laws. Real
change would require active engagement of all relevant stakeholders. This involves listen-
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ing to their perspectives, creating opportunities for them to share their ideas, and ensuring
that each stakeholder has a meaningful role in the governance of water resources within
their communities. The study suggests a more flexible, people-focused approach to water
governance that will interconnect with multiple sectors, support better investments, and
foster resilience. If implemented properly, this can become a model for other communities
facing similar water and climate change challenges.
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Appendix A

Table A1. Synergistic levels for water governance and agrotourism sustainability in semi-arid
Esmeraldas Province.

Rank
(Table 4)

Governance Gap
Challenge Framework Align Action Level Level Priority Context

0.26 Lack of policies
and regulations

Policy (laws, policies,
and systems)

Addressing policy gaps +
environmental impact

• Nearly one-third of responses highlight
missing or unclear regulations, indicating that
legal clarity is essential for water allocation
to agrotourism.

• Co-developing Provincial Water–Tourism
Ordinance can establish minimum
environmental flow requirements and
expedite eco-certification for farms engaged
in tourism.
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Table A1. Cont.

Rank
(Table 4)

Governance Gap
Challenge Framework Align Action Level Level Priority Context

0.20 Lack of
water infrastructure

Admin/Funding
(financial support)

Water infrastructure
investing + sustainable
irrigation technologies

• This is the most tangible bottleneck, with the
semi-arid region already experiencing 15–20%
water conveyance losses.

• Re-lining canals and implementing drip
irrigation can reduce withdrawals by up to
40%, thereby freeing water for
tourism-related services such as lodges and
tasting tours.

0.14 Insufficient
financial support

Funding (financial
support)

Public–private
cooperation

• A 2% tourism tax and green micro-credits can
jointly finance water storage infrastructure,
supporting SDG 8 (decent work and
economic growth) and alleviating the fiscal
burden on local governments.

0.136 Lack of
governmental support

Accountability (core
actors)

Improve
intergovernmental
coordination

• Farmers report delays due to permit
processing across multiple ministries.
Establishing a Basin Coordination Desk
within the Prefecture could provide one-stop
licensing, reducing lead times by over 50%.

0.136 Water
resource availability

Information
(information sharing)

Availability and
water-quality dashboard

• With increasing drying trends and significant
weight in governance challenges, there is a
need for real-time water data. An open-access
dashboard would enable both tourists and
growers to schedule water-intensive activities
outside of peak deficit periods.

0.068 Environmental impact Objective (laws,
policies, and systems

Environmental impact and
sustainability

• Although this challenge has the lowest
weight, it remains critical for positioning
Esmeraldas as a “climate-smart” destination.
Integrating environmental standards into
agrotourism certificates transforms
compliance into a marketing advantage.

0.06 Limited collaboration
between institutions Capacity (core actors) Public–private

cooperation

• Though least cited, institutional collaboration
is a cross-cutting issue. Involving private
lodge owners in Water-User Associations
(WUAs) can enhance shared responsibility for
water system maintenance.

Appendix B

Figure A1. SPEI flowchart at different timescales (1, 3, 6, 9, and 12).
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