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ABSTRACT

Climate change profoundly impacts on human livelihoods and also socioeconomic development, particularly, by
increasing floods and drought disasters more and more. These challenges often limit and barrier on community access
to clean-safe water and reliable food sources in the community. Thus, community-based adaptation is significant for
enhancing local resilience and climate preparedness:"This study aims to improve the accessibility and sustainability of
water and food security by developing groundwater and public village pond infrastructure for the community. Hence,
research team conducted comprehensive desk ‘reviews and site assessments of the relevant literature, stakeholder
consultation meetings and local knowledge-shating were also organized with key district authorities, beneficiaries, and
researchers in order to co-design: on sinfrastructures and construction work. Consequently, two groundwater
systems were constructed, each equipped with a concrete tower structure, a 2000-liter water tank, and an electric water
pump. Additionally, a public village. pond with dimensions (60 m x 120 m with an average depth of 2.5 m to 3 m) was
created by constructing an earthen embankment across a seasonal stream to optimize water storage. The findings indicate
that these infrastructures provided clean-safe water, yearround tap water, eliminating the reliance on contaminated
temporary ponds during the wet season. Besides, the rehabilitated pond established is a secondary food source while
fostering a strong sense of local ownership and equitable responsibility. Eventually, these outcomes will enhance and
promote local livelihoods, alleviate poverty, and support the District Social- Economic Development Plan.
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INTRODUCTION localized water resource networks and agricultural frameworks,
When prolonged droughts reduce aquifer reserves and extreme
flood contaminated superficial water tables, the structural
foundation of rural survival breaks [3]. This directly
conciliations community access to potable drinking water and
destabilizes food supply chains, triggering cascading crises of
malnutrition, economic displacement, and resource scarcity.
Consequently, uncoupling the symbiotic vulnerabilities of
water and food insecurity under an increasingly unpredictable
climate has transitioned from a localized management issue to
a crucial, non-negotiable priority for international researchers

Climate change has occurred as one of the most significant
and multi-dimensional threats to environment and global
sustainable development, to act as a profound risk multiplier
across both ecological and human systems. Meaningfully, these
anthropogenic climatic shifts are rushing the volatility of the
global hydrological cycle, driving a marked increase in both the
frequency and severity of hydro-climatic extremes ranging from
disastrous, high-rate flooding to extended, multi-year droughts
[1]. The socioeconomic consequences of these shifting patterns
are circulated unevenly, inflicting the most severe damage on

vulnerable rural populations who lack the infrastructural and
financial buffers to withstand sudden environmental
appearances [2]. Due to the community relies directly on
foreseeable weather patterns, the immediate consequence of
these climate-induced hazards is a systematic interruption of

and global policymakers alike [4].

Champhone District is located in Savannakhet Province, Lao
PDR, most of residents are relies on seasonal surface water
leaves communities highly susceptible to climate variability.
When surface sources dry up or become polluted and
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contaminated during extreme weather events, groundwater
serves as a vital and resilient buffer [5].

This dependance brings the operational realities of the "Water-
Food Security Nexus" into sharp focus. In this framework,
therefore, groundwater is not only an alternative resource, but
the foundational anchor that directly governs the viability of
dry-season irrigation, the stability of localized agricultural yields
and the continuous supply of safe domestic water for local
community.

Despite its serious importance, securing this resource remains a
multifaceted challenge. conventional, top-down engineering
interventions frequently fall short of long-term sustainability.
Due to these are often designed in isolation from the
community, they suffer from institutional
abandonment, inadequate local maintenance frameworks, and

routinely

a fundamental misalignment with the nuanced socio-ecological
dynamics and traditional resource-sharing practices inimitable
to the target [6]. Therefore, to move beyond decently technical
solutions toward models that actively integrate local agency and
ecological context is important to preservation the region's
climate resilience.

To integrate this gap and address the systematic deficits of
traditional development Community-Based
Adaptation (CBA) has progressively been known as a dynamic
paradigm shift in the address of climate resilience [7]. To move
away from protective, technocratic approaches, CBA explicitly

models.

positions local communities as the primary agents at the center
of coordinating, planning, designing, and executing localized
adaptation strategies [8]. This bottom-up method descends its
efficacy from its capacity to systematically leverage indigenous
and contextual knowledge systems, fostering a deep-seated sense
of institutional ownership among resource users, and establish
transparent, impartial frameworks for resource distribution,
additionally, by grounding technical initiatives within the
community's existing social fabric, CBA 'ensures that physical
culturally
corresponding but also operationally and financially sustainable
over the long term, independent of external oversight [9-10].
Despite these clear conceptual merits, a significant gap persists

infrastructure  interventions are not —only

between theoretical advocacy and field-level evidence. Empirical
studies that reveal the tangible, quantifiable integration of CBA
within the highly complex groundwater-food security nexus
through  the
management of small-scale infrastructure remain starkly limited
across the developing rural landscape [11,12]. This scarcity of
pragmatic validation emphasizes a critical research discrepancy,

particularly co-design and  participatory

leaving policymakers with few proved models for scaling
community-led groundwater governance in highly vulnerable
area.

To discourse these intersecting challenges, this study aims to
improve both the operational accessibility and the long-term
sustainable water and food security by developing and accessing
community-led infrastructure models [13]. Definitely, this
research evaluates and documents the iterative co-design,
implementation, and socio-technical performance of managed
groundwater extraction systems alongside multi-purpose public
pond infrastructure [14]. Rather than treating
engineering and community engagement as separate phases,

village
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this study uses a deeply integrated, participatory methods that
seamlessly links extensive desk reviews and rigorous baseline
site assessments with multi-stakeholder consultations and co-
design workshops [15,16]. Through this collaborative approach,
the research empirically determines how institutional local
ownership, community agency, and proactive climate readiness
can be simultaneously co-generated and sustained [17].
Eventually, the insights and structural frameworks added from
this field intervention offer a highly scalable, socio-ecologically
grounded model for stabilizing rural livelihoods, improving
entrenched rural poverty, and directly reinforcing decentralized,
district-level socio-economic development plans (SEDPs) in
contradiction of the backdrop of intensifying and
unpredictable climate change [18,19].

MATERIALS AND METHODS

Study Area Context

The targeted community is situated in Champhone District,
Savannakhet Province, Lao PDR, it is about 14 kilometers
southeast of the district administrative center, the village is
organized into two distinct residential clusters, locally namely as
Khoum: NonKhayand Pakouay. This cluster plays a critical role
in shaping local resource distribution, spatial accessibility to
water bodies, and decentralized community decision-making
framewotks.

Demographically, the village establishes a compact highly dense
rural settlement, comprising a total of 154 households. There
are. 749 of 364 persons
(approximately 48.6% of the total population). Hence, the
balanced gender distribution underlines the importance of
integrating genderresponsive methods into local climate
adaptation strategies. In particular, as women are frequently the
key person of domestic water security and household health in

residents, included women

rural community.

Socio-economically, the community shows a high degree of
vulnerability and economic insecurity. There are total of 43
families representing approximately 28% of the village's total
households are officially classified as living below the poverty
line according to national multidimensional poverty index.
This economic precarity is additional reflected in the
community's baseline financial system of measurement, which
the average annual income is estimated at 2,000,000 LAK per
capita.

Domestic water insecurity constitutes a severe and prevalent
structural barrier within the target community. Currently, only
43 households possess the financial capacity to rely on
commercially purveyed 20-liter bottled water as their primary
source of potable drinking water. The overwhelming majority
of the population is forced to depend on untreated, highly
vulnerable environmental sources, including seasonal local
streams, exposed natural springs, and unconfined shallow
aquifers.

Consequently, the net volumetric supply of safe water allocated
for essential drinking, food preparation, and basic sanitation
tasks is critically deficient [20].
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This reliance on insecure surface and groundwater water bodies
exposes the community to acute seasonal variations in water
quality, compounding local public health risks through
potential bacterial and sediment contamination.

A baseline site assessment was conducted prior to the
intervention revealed onl8 groundwater boreholes installed
across the two residential clusters, 83.3% has fallen into
complete disorder, only three boreholes fully work.

As a direct consequence of this severe infrastructure shortage,
the average domestic water consumption within the community
has contracted to a marginal 10 to 15 liters per capita per day.

The current consumption rate falls drastically short of the 50 to
100 liters per capita per day benchmark mandated by the
World Health Organization (WHQO) necessary to assurance
baseline personal hygiene, health protection, and domestic
security. This severe volumetric deficit not only elevates the
burden of waterrelated diseases but also suspiciously increases
the time and physical labor expended by community members
particularly women and youth in sourcing water from distant
and alternative supplies.

Rice productivity within the targeted village is constrained,
with annual crop yields predominantly rainfed lowland rice
stagnating at a critically low baseline averaging between 1.1 and
2.0 tons per hectare. This yield falls intensely below national
averages.

The occurrence of salt formations and coupled with
inconsistent water tables, drives soil salinity. This salinity uses
severe impact on crops, inhibiting root water uptake and
inducing toxic ion accumulations that dramatically reduces

survival [21,22].

Accordingly, the community is trapped in a chronic cycle of
food insecurity and acute seasonal shortages.’ Because local
aggregate rice production routinely fails to “satisfy basic
household subsistence requirements, the community faces a
structural "rice gap" a period of several months each year where
domestic grain reserves are entirely exhausted [23,24].

During these lean months, families are forced to pivot toward
negative coping strategies, including the liquidation of modest
livestock assets, high-interest micro-loans, or cutting back on
daily nutritional intake. This persistent caloric and financial
strain transforms food from a basic stability metric into a
continuous daily crisis.

This systemic agricultural deficit does more than undermine
immediate nutritional health; it severely erodes the
foundational pillars of community-based climate change
adaptation and structurally caps local resilience [25].

To discourse these deeply interconnected hydrological,
agronomic, and socioeconomic challenges, this study a
comprehensive framework designed to safe equitable and highly
sustainable access to vibrant sub-surface water resources. Rather
than acting as a temporary relief measure, the planned
development of managed groundwater infrastructure functions
as a transformative intervention to improve localized climate
readiness, mitigate seasonal water scarcity, and support the
longterm food security and climateresilience of rural

OPEN 8 ACCESS Freely available online

livelihoods [26]. By steadying the volumetric availability of water
for  both consumption  and
agricultural production, the study seeks to break the structural
cycle of poverty and resource reduction that currently caps the

domestic off-season

community's adaptive capacity.

Beyond the immediate structural and engineering interventions
within the targeted site, the initiative is built upon a robust,
multi-tiered knowledge exchange model designed to maximize
regional impact. The project actively facilitates structured peer-
to-peer knowledge sharing and crosslearning exchanges
regarding localized governance, equitable water allocation, and
infrastructure maintenance best practices among adjacent
experiencing hydro-climatic
vulnerabilities, Moreover, to ensure the sustainability of the
project's interventions and to contribute to the broader

communities similar

scientific and policy discourse, the research team is committed
to a transparent and comprehensive dissemination strategy. The
empirical data, technical designs, socio-technical outcomes, and
community-led governance frameworks generated throughout
this intervention will be systematically shared with public
stakeholders, regional development agencies, and national
policy architects [27,28].

This intentional data-sharing pipeline transforms a localized
field intervention into a scalable blueprint. Providing open-
access methodologies and verified field insights directly
empowers sub-national and national authorities to integrate
community-based groundwater management paradigms into
decentralized Socio-Economic Development Plans (SEDPs)
across Lao PDR

The paradigm of Community-Based Climate Change
Adaptation for Sustainable Water and Food Security
(CBC2ASWES) serves as both the foundational conceptual
architecture and the practical operational framework driving
this research [29]. Rather than treating climate resilience as an
abstract policy objective, this integrated model functions as a
systematic, field-tested methodology designed to directly secure,
optimize, and sustain community-level water resource access
and food production systems [30].

The systemic interaction, structural components, and
operational pathways of this community-led adaptation model
are schematically illustrated below in Figure 1, mapping out
how localized governance transforms climate vulnerability into

resource stability.
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Figure 1: Water and Food Security Nexus Framework Diagram
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Data collection
Stakeholder Engagement and Qualitative Data Collection

To accurately recognize an immediate priority of the local
population concerning water and food security, the research
team, collaboration with district relevant authorities and
leadership from the NonKhay cluster (Khoum), which
conducted a several intensive community consultation
meetings and public hearings [31]. To supplement these
consultations and gain more deeper understanding of current
socioeconomic conditions and future livelihood needs,
therefore, qualitative data were collected employing Key
Informant Interviews (KlIs) and Focus Group Discussions
(FGDs) [32,33]). KlIs were purposively directed to key
community leaders, including the village head, representatives
from the Women’s Union, Youth Union, and the leader of the
Pakouay cluster. Concurrently, FGDs were facilitated with
broader community members to capture diverse local
perspectives and co-design sustainable livelihood interventions

(34,35].
Site Selection and Infrastructure Siting

During community consultation meetings and public hearings,
stakeholders focused primarily on two critical spatial decisions:
1) identifying optimal locations for groundwater extraction,
and (2) determining the site for the public village pond [36].
Through this participatory approach, there are two available
borehole sites which were selected to secure a groundwater
supply. The first borehole is located adjacent to the village
community hall, while the second is situated near the central
residential hub of the village.

Field Validation and Borehole Siting

Consequently, the research team, district authorities, and
community representatives conducted field investigations to
validate and finalize the two borehole locations. The selection
criteria prioritized sites capable of yielding a sufficient and
stable groundwater supply throughout both the wet and dry
seasons, while ensuring acceptable water quality parameters
(specifically avoiding high salinity zones). Geographically, the
study area is considered by severe seasonal drought, primarily
driven by an important deficit in annual cumulative rainfall, as
illustrated in Figure 2.

Figure 2: Groundwater Drilling and Water Quantity Test
Site Selection for Public Pond Infrastructure

During the preliminary investigation, there are two potential
locations that were generously offered by local landowners to
construct a public village pond for instance: a lowland paddy

OPEN 8 ACCESS Freely available online

field and an active vegetable gardening area. Research team
together with district authority and local community conducted
intensive survey that follow a rigorous site survey and
environmental investigation, finally, a paddy field was selected
as the optimal site [37]. This selection based on advantageous
and suitable topographical and hydrological conditions that
maximized the sustainable detention and retention of seasonal
rainfall runoff [38]. Besides, choosing a paddy field minimized
the need for extensive land clearance, thereby mitigating the
negative impacts on the surrounding ecosystem compared to
the vegetable gardening site [39] as illustrated in Figure 3.

= b SN
T gl

Figure 3: Public pond Infrastructure and Site Preparation

RESULTS AND DISCUSSION

Groundwater Infrastructure Design and Construction

The groundwater supply system was designed on two primary
engineering components: (1). borehole drilling, which includes:
pumping tests and the installation of a submersible electric
pump system, and (2). the construction of an elevated water
tower to support the storage tank infrastructure. To ensure
long-term  hydrologic reliability, drilling operations were
performed during the dry season employing a mechanical
drilling rig [40]. Siting and drilling during the dry season
verified that the aquifer's yield would remain sufficient and
sustainable for the targeted water user group during peak
scarcity periods. The
equipment configuration and details are indicated in Tablel.

mechanical drilling process and
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No Parameters Baseline conditions Major challenges Implemented
interventions
1 Water availability and Seasonal water scarcity, |Severe drought during | Electric-powered groundwater
infrastructure reliance on rainfed dry season, lack of and system Installation
agriculture storage
2 Agriculture and food Single-crop farming Low yield, failure crops | dry-season vegetable cultivation
security (paddy rice only) during dry season and an introduction
3 Community capacity and | Informal water limitation of technical | Establishment of water user
governance regium governance skills and water scarcity, | groups (WUGs) and training,
lack of maintenance community development fund
funds
4 Livelihood and Average household High vulnerability to Food security (more than 2,500
economic Development |income: 2,000,000 LAK |climate change, seasonal | baby fish released) and water
per capita per year migration access support for high-demand
dry-season crops

Table 1: Parameters, Baseline Conditions, Major Challenges,
Implemented Interventions, and Key Outcomes Summary

Hydraulic Characteristics and Structural Specifications

Drilling machine operate positively, since the static
groundwater table was found between a depth of 9.0 m to 10.0
m, with the boreholes reach total achievement depth of almost
35.0 m. Constantrate pumping tests were completed to assess
aquifer productivity, yielding a flow rate of 300 L/h (equivalent
to 0.000083 m3/s), if drilling more than 35.0 m that could be
reached to salinity water. The associated civil infrastructure
comprises of a reinforced concrete water tower with a structural
height of 3.5 m, considered to support the primary-storage
tank. To ease water extraction and distribution, a-submersible
electric water pump, corresponding piping systems, and
electrical controls were combined into the design of the system.
This configuration effectively lifts groundwater from the
aquifer to the elevated storage unit, as showed in Figure 4 and

detailed are indicated in Table 2.

Figure 4: Groundwater Completed Construction System

Public Pond Design and Construction

Public village pond was constructed within an existing
agricultural area that was previously dedicated solely to wet-
season cultivation. A detailed topographic and cross-sectional
survey was conducted to map the natural valley terrain and
seasonal stream watercourses [41]. Employing this baseline
spatial data, a heavy machinery cut-and-ill was executed: earth
was excavated from the natural depression of the valley to

maximize the reservoir storage capacity, and the excavated soil
was simultaneously used to construct a stable peripheral
embankment. By aligning the layout with the natural valley
topography, the total volume of the necessary earthworks was
significantly reduced [42].

Hence, to mitigate post-construction soil erosion and reservoir
sedimentation, the surrounding natural forest was strictly
protected - [43]. Bamboo trees were planted along the
embankment slopes to protect and provide biological soil
stabilization while serving as a secondary food resource for the
local community. Following excavation, the reservoir bed was
treated with quicklime (calcium oxide, CaO) for disinfection
and pH adjustment in the pond. Eventually, organic fertilizer
in the form of livestock manures were distributed across the
pond to react with phytoplankton and algal blooms, thereby
establishing a natural nutrientrich food web for aquaculture
development [44].

Reservoir Geometry and Volumetric Capacity

Public pond design and features a surface area footprint of
about 60 m by 120 m with an average operational depth
ranging from 2.5 m to 3.0 m. Based on the local terrain and
catchment topography, the reservoir was designed to impound
an estimated volumetric capacity of 18,000 m3 to 21,600 m3, as
depicted in Figure 5. This capacity ensures that the optimal
retention and storage of direct surface runoff and rainwater
during the impending wet season [45].

Figure 5: Public Village Pond Completed Construction
and Fish Released
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No System Technical parameter Specification Expected benefits
Unit 2 Location:1.Village
community hall and 2.Near
the central residential hub
Static water level(SWL) [9-10 m The baseline unconfined/
semi-confined aquifer level
Well depth 35m Reaches stable aquifer
layer, adequate screen
length, submergence, and
allowance for seasonal
drawdown
Flow rate 0.3 m3/hour Ensures adequate supply
1 Groundwater System for domestic & agro-use
Power source 240kV electric grid Stable power and protect
system pumps from low-voltage
damage
Distribution network 500 m PVC pipeline Direct access to agricultural
system plots for 50 households
Water tank 2000 L Store water and
distribute to households
Pumping system 500 watts Submersible electric
water pump
Tower concrete structure |3 m Elevate and gravity flow
from water storage
Storage volume(capacity) 21,600 m3 Provides supplementary
surface water during
drought
Dimensions 60mx20mx3m Optimized footprint and
storage capacity
) Public Pond Slope/Lining Material | Minimizes seepage losses |Compacted clay lining
Infrastructure (< 2.5 mm/day)
Target area and 1820 m2,154 Enhances local climate
beneficiaries Households resilience and food security
Bio-soil erossion 300 bamboo and 300 Planted around the pond
engineering protection | fruit trees and green space for future

Table 2: Technical Specifications and Expected Benefits of
Implemented Systems

CONCLUSION

In conclusion, community-based climate change adaptation
(CBA) represents a significant and indispensable paradigm for
securing and sustaining longterm water and food security
within climatevulnerable rural area. A central pillar of this
study’ success was the operationalization of socially inclusive
participation. This mechanism served as a transformative
platform that effectively integrate local communities, direct
beneficiaries, stakeholders, and local authorities. By doing so, it
eased the co-creation of knowledge, unburied localized insights,
and fostered a transparent framework for sharing both

developmental  opportunities and longterm

management responsibilities.

resource

The research found obviously that securing equitable
accessibility to water and food resources as a direct act and
implementation for holistic community development and
climate resilience. Definitely, this intervention proved concrete
structural improvements: through groundwater infrastructure,
villagers magnificently transitioned to a reliable system of safe,
yearround tap water. This structural change successfully
eradicated their hazardous reliance on contamination,
unprotected temporary ponds during the wet season, thus,
mitigating waterborne health risks.

The rehabilitation of the public pond has yielded important co-
benefits, functioning as a resilient secondary source of food
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security and localized aquaculture. Beyond
physical infrastructure, the participatory approach has
successfully institutionalized a profound sense of local
ownership. This psychological and operational buy-in
ensures that both the tangible benefits and the

administrative responsibilities of the groundwater systems and
public ponds are equitably distributed and maintained across
the community. Consequently, these integrated outcomes do
not only elevate local livelihoods and alleviate deep-seated
rural poverty, but they also serve as a scalable, practical
indicator that directly and strengthens  the
decentralized  District  Socio-Economic Development Plan
against the backdrop of intensifying climate uncertainties.

supports
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