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Abstract 

The Rohingya refugee camps in Bangladesh face severe water resource challenges, exacerbated by the impacts of 
climate change. With a rapidly growing population, the demand for water in these camps has surged, leading to over-
extraction of groundwater and deteriorating water quality. Seasonal variations, including monsoons and dry spells, 
further strain the limited water resources, creating periods of acute scarcity and contamination risks. Climate change 
intensifies these issues by altering precipitation patterns and increasing the frequency of extreme weather events, 
jeopardizing the sustainability of current water supply systems. This paper explores sustainable water resource 
planning strategies tailored to the unique context of the Rohingya camps, emphasizing climate resilience and 
community-based approaches. By integrating innovative technologies and policy interventions, the study aims to 
propose solutions that ensure long-term water security for the refugee population. 

Sustainable water resource planning is crucial for addressing the compounded challenges of water scarcity and quality 
in Rohingya refugee camps, particularly under the escalating pressures of climate change. As climate change alters 
precipitation patterns and increases the frequency of extreme weather events, the vulnerability of water systems in 
these densely populated settlements intensifies. Effective planning must integrate climate resilience, ensuring reliable 
access to safe water despite environmental uncertainties. This involves adopting adaptive management strategies, 
leveraging innovative technologies, and fostering community participation to enhance system robustness and flexibility. 
Sustainable planning not only addresses immediate water needs but also builds long-term resilience, reducing 
dependency on overstressed groundwater resources and mitigating the impacts of climate-induced disruptions. This 
paper underscores the importance of holistic and forward-thinking approaches in securing water resources for the 
Rohingya population in the face of a changing climate. 

The study identifies critical gaps in current water resource management practices within Rohingya refugee camps and 
emphasizes the necessity for sustainable planning amidst climate change impacts. Key findings reveal that over-reliance 
on groundwater, coupled with inadequate infrastructure and seasonal variability, significantly undermines water 
security. The research recommends the implementation of integrated water resource management (IWRM) strategies, 
incorporating both traditional and innovative solutions such as rainwater harvesting, solar-powered water purification, 
and community-led water conservation practices. Enhancing policy frameworks to support sustainable water 
management and fostering collaborations among stakeholders are also crucial. Furthermore, climate resilience 
measures, including infrastructure fortification against extreme weather events, are imperative for long-term 
sustainability. These recommendations aim to establish a resilient water supply system that can adapt to future climate 
conditions while ensuring equitable access to safe water for the Rohingya population. 
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1. Introduction 

1.1. Background on the Rohingya refugee crisis and settlement in Bangladesh 

The Rohingya refugee crisis represents one of the most pressing humanitarian emergencies of recent times. Following 
decades of persecution in Myanmar, a severe military crackdown in August 2017 forced over 700,000 Rohingya to flee 
to neighboring Bangladesh (UNHCR, 2018). These refugees settled in sprawling camps in the Cox’s Bazar district, which 
rapidly became the largest refugee settlement in the world. The sudden influx overwhelmed the local infrastructure and 
resources, leading to significant challenges in providing basic necessities, including water, sanitation, and healthcare 
(IOM, 2019). The densely populated camps, with their rudimentary infrastructure, are particularly vulnerable to 
environmental hazards and climate change impacts, such as heavy monsoon rains and cyclones, exacerbating the 
already critical water resource issues. Addressing these challenges requires sustainable and resilient water resource 
planning tailored to the unique needs of the Rohingya population. 

1.2. Overview of water resource issues faced in the camps 

The Rohingya refugee camps in Bangladesh face severe water resource challenges, significantly impacting the well-
being and health of the inhabitants. The rapid and massive influx of refugees has led to excessive groundwater 
extraction, causing a decline in water table levels and raising concerns about long-term sustainability (UNICEF, 2018). 
The quality of available water is also compromised, with contamination from latrines and waste disposal posing severe 
health risks (Islam et al., 2020). Additionally, seasonal variations exacerbate these issues, as heavy monsoon rains often 
lead to flooding and water contamination, while dry seasons result in acute water shortages (UNHCR, 2019). The 
overcrowded conditions and inadequate infrastructure further strain the water supply systems, making it challenging 
to provide consistent access to safe drinking water. Addressing these complex water resource issues requires integrated 
and sustainable planning approaches, particularly in the context of increasing climate change impacts. 

1.3. Significance of addressing these issues in light of climate change 

Addressing water resource issues in Rohingya refugee camps is critically significant in light of climate change. Climate 
change exacerbates existing vulnerabilities by altering precipitation patterns, increasing the frequency and intensity of 
extreme weather events, and impacting water availability and quality (IPCC, 2019). For the densely populated and 
poorly resourced Rohingya camps, these climatic changes pose severe risks. For instance, intensified monsoon rains can 
lead to flooding and contamination of water sources, while prolonged dry spells exacerbate water scarcity (Ahmed & 
Islam, 2019). The compounded effects of climate change threaten to undermine public health, increase the spread of 
waterborne diseases, and disrupt the already fragile water supply systems (WHO, 2020). Therefore, implementing 
sustainable and climate-resilient water resource planning is essential to safeguard the well-being of the Rohingya 
refugees and ensure long-term water security amidst growing environmental challenges. 

Objectives  

The primary objective of this paper is to develop a comprehensive framework for sustainable water resource planning 
in Rohingya refugee camps, with a specific focus on enhancing resilience to climate change impacts. This involves 
several key goals: 

 Assess Current Water Resource Conditions: Conduct a thorough evaluation of the existing water supply systems, 
water quality, and usage patterns within the camps. 

 Identify Climate Change Impacts: Analyze the specific ways in which climate change is expected to affect water 
resources in the region, including alterations in precipitation patterns, frequency of extreme weather events, 
and long-term water availability. 

 Propose Sustainable Solutions: Develop practical and innovative solutions for improving water resource 
management, incorporating both traditional practices and modern technologies such as rainwater harvesting, 
solar-powered water purification, and community-based water conservation initiatives. 

 Enhance Policy Frameworks: Recommend policy interventions and institutional frameworks to support the 
implementation of sustainable water resource planning and ensure long-term water security for the Rohingya 
population. 
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5. Foster Community Engagement: Highlight the importance of involving the refugee community in water management 
processes to enhance the sustainability and effectiveness of the proposed solutions. 

2. Literature Review 

2.1. Summary of existing research on water resource management in refugee camps. 

Existing research on water resource management in refugee camps highlights a myriad of challenges and strategies 
employed to ensure adequate and safe water supply for displaced populations. Studies underscore that the primary 
issues in these settings include water scarcity, contamination, and inadequate infrastructure (UNHCR, 2018). For 
instance, research on Syrian refugee camps in Jordan revealed significant groundwater depletion and contamination 
risks due to over-reliance on aquifers and poor sanitation facilities (Dimitri et al., 2019). Similarly, investigations into 
water management in Somali refugee camps in Kenya highlighted the crucial role of sustainable practices, such as 
rainwater harvesting and the use of solar-powered pumps, in mitigating water scarcity (Tully et al., 2018). 

In the context of Rohingya camps in Bangladesh, studies emphasize the compounded impact of high population density 
and seasonal variability on water resources. Islam et al. (2020) point out the challenges of maintaining water quality 
amidst overcrowded conditions and inadequate waste management systems. Additionally, Ahmed and Islam (2019) 
discuss the impacts of climate change on water availability and quality, stressing the need for climate-resilient water 
management strategies. The literature consistently recommends integrated approaches that combine technological 
innovations with community engagement to enhance the sustainability of water resources in refugee settings. 

2.2. Climate change impacts on water resources in South Asia 

Climate change significantly impacts water resources in South Asia, a region already vulnerable due to its dense 
population and heavy reliance on monsoon rains. The Intergovernmental Panel on Climate Change (IPCC) projects that 
South Asia will experience increased variability in precipitation patterns, with more intense and frequent extreme 
weather events, including floods and droughts (IPCC, 2019). These changes are expected to exacerbate existing water 
scarcity issues and affect the availability and quality of water resources. 

Studies indicate that the Himalayan glaciers, which are critical for the water supply of major rivers like the Ganges, 
Brahmaputra, and Indus, are retreating at an alarming rate due to rising temperatures (Bolch et al., 2019). This glacial 
melt initially increases water flow but eventually leads to reduced water availability in the long term, impacting 
agricultural productivity and drinking water supplies (Immerzeel et al., 2020). 

In Bangladesh, sea-level rise and increased salinity intrusion are major concerns, particularly in coastal regions where 
freshwater sources are being contaminated by seawater (Shamsudduha et al., 2019). This salinization poses significant 
risks to drinking water supplies and agricultural practices, further stressing water resources in an already vulnerable 
region. 

Furthermore, the increasing frequency and intensity of cyclones and heavy monsoon rains result in severe flooding, 
which contaminates surface and groundwater sources, leading to waterborne diseases and other health issues (Mirza, 
2011). The compounded effects of these climate change-induced phenomena necessitate adaptive and resilient water 
resource management strategies to ensure sustainable water supply in the region. 

2.3. Case studies of sustainable water resource planning in similar contexts 

Case studies of sustainable water resource planning in contexts similar to Rohingya refugee camps provide valuable 
insights into effective strategies for managing water resources under challenging conditions. One notable example is 
the Za’atari refugee camp in Jordan, which has implemented a comprehensive water resource management plan to 
address water scarcity. This plan includes the use of solar-powered pumps for groundwater extraction, wastewater 
treatment for reuse in agriculture, and community-led initiatives for water conservation and education (Weinthal & 
Zawahri, 2020). These measures have significantly improved water availability and quality, demonstrating the potential 
of integrated and sustainable approaches. 

In Kenya’s Dadaab refugee complex, rainwater harvesting and storage systems have been successfully utilized to 
supplement limited groundwater resources. The use of large-capacity rainwater tanks and the construction of water 
pans has helped to capture and store rainwater during the wet season for use during dry periods (Tully et al., 2018). 
This approach not only enhances water security but also reduces pressure on over-exploited aquifers. 
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In Uganda’s refugee settlements, a combination of borehole drilling, solar-powered water systems, and the 
establishment of water user committees has been effective in ensuring sustainable water supply. The involvement of 
the refugee community in the management and maintenance of these systems has been crucial in their success, fostering 
a sense of ownership and responsibility (Hunter et al., 2019). 

These case studies highlight the importance of employing a mix of technological innovations, community engagement, 
and adaptive management strategies to achieve sustainable water resource planning. They provide a framework that 
can be adapted and applied to the Rohingya refugee camps to enhance water resilience and sustainability in the face of 
climate change. 

3. Methodology 

3.1. Description of the study area and demographic details of the camps. 

The study area focuses on the Rohingya refugee camps located in the Cox’s Bazar district of southeastern Bangladesh. 
These camps, including the largest settlement in Kutupalong, are situated in a region characterized by a tropical 
monsoon climate, with heavy rainfall during the monsoon season (June to October) and a dry season from November to 
May (IOM, 2019). The terrain is primarily hilly, which poses additional challenges for infrastructure development and 
water resource management. 

As of 2020, the camps host over 860,000 Rohingya refugees who fled persecution and violence in Myanmar’s Rakhine 
State (UNHCR, 2020). The population density in these camps is extremely high, with an average of 40,000 people per 
square kilometer, leading to significant strain on available resources, including water supply and sanitation facilities 
(UNICEF, 2019). The demographic composition includes a large proportion of women and children, with 55% of the 
population under the age of 18, further complicating the provision of essential services (UNHCR, 2020). 

This study utilizes a mixed-methods approach to gather comprehensive data on water resource conditions. Quantitative 
data is collected through water quality testing and surveys assessing water access and usage patterns. Qualitative data 
is obtained through interviews with camp residents, local authorities, and representatives of non-governmental 
organizations (NGOs) involved in water management. This multi-faceted methodology aims to provide a holistic 
understanding of the water resource challenges and inform the development of sustainable planning strategies tailored 
to the unique context of the Rohingya refugee camps. 

3.2. Data collection methods (e.g., surveys, interviews, water quality testing). 

To comprehensively assess the water resource conditions and develop sustainable planning strategies for the Rohingya 
refugee camps, this study employs a multi-method data collection approach. The methods include surveys, interviews, 
and water quality testing, each contributing critical insights into the various dimensions of water resource management. 

3.2.1. Surveys 

Structured surveys are conducted with a representative sample of camp residents to gather quantitative data on water 
access, usage patterns, and perceptions of water quality and availability. The survey questions cover topics such as the 
sources of water, frequency of water collection, household water usage, and any difficulties encountered in accessing 
sufficient and safe water. This method provides a broad overview of the water resource situation and identifies common 
issues faced by the refugee population (Groves et al., 2009). 

3.2.2. Interviews 

In-depth interviews are carried out with key informants, including local authorities, NGO representatives, and 
community leaders, to obtain qualitative data on water management practices, challenges, and potential solutions. 
These interviews offer valuable contextual information and expert insights that complement the quantitative data from 
surveys. The qualitative data helps in understanding the underlying factors affecting water resource management and 
the effectiveness of current interventions (Kvale, 2007). 

3.2.3. Water Quality Testing 

Comprehensive water quality testing is conducted at various water sources within the camps, including tube wells, 
surface water bodies, and stored household water. Parameters tested include microbial contamination (e.g., E. coli), 
chemical contaminants (e.g., arsenic, nitrate), and physical characteristics (e.g., turbidity, pH). The testing protocols 
follow standard procedures recommended by the World Health Organization (WHO) to ensure accuracy and reliability 
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(WHO, 2017). This method is crucial for identifying water contamination issues and assessing the overall safety of water 
for consumption. 

By integrating these data collection methods, the study aims to provide a detailed and nuanced understanding of the 
water resource challenges in the Rohingya refugee camps. The findings will inform the development of targeted and 
sustainable water resource planning strategies to enhance resilience against climate change impacts. 

3.3. Analytical framework for assessing water resource sustainability and climate resilience. 

To assess the sustainability of water resources and the resilience of water management systems to climate change in 
the Rohingya refugee camps, this study employs a comprehensive analytical framework that integrates quantitative and 
qualitative data. This framework focuses on three key dimensions: resource availability, system functionality, and 
community resilience. 

3.3.1. Resource Availability 

The first dimension involves assessing the availability and reliability of water resources. This includes evaluating the 
current and projected water supply from various sources, such as groundwater, surface water, and rainwater harvesting 
systems. Indicators such as water table levels, seasonal variability, and potential impacts of climate change on these 
sources are analyzed. Data from water quality testing and surveys are used to identify trends and potential risks to 
water availability (Gleick, 1996). 

3.3.2. System Functionality 

The second dimension examines the functionality and efficiency of the water distribution and management systems. 
This involves evaluating the infrastructure for water extraction, storage, distribution, and treatment. Key performance 
indicators include system reliability, maintenance requirements, and the capacity to meet current and future water 
demands. Interviews with local authorities and NGO representatives provide insights into operational challenges and 
areas for improvement (Biswas, 2004). 

3.3.3. Community Resilience 

The third dimension focuses on the resilience of the refugee community to water-related shocks and stresses. This 
includes assessing the community’s ability to adapt to changes in water availability due to climate change. Factors such 
as community engagement in water management, awareness and education on water conservation, and the capacity to 
implement adaptive practices are considered. Survey responses and qualitative data from interviews help gauge the 
level of community resilience and identify opportunities for enhancing adaptive capacity (Adger, 2006). 

3.3.4. Integrated Analysis 

The analytical framework integrates these dimensions using a multi-criteria decision analysis (MCDA) approach, which 
allows for the evaluation of multiple, often conflicting criteria in a structured manner. The MCDA framework helps 
prioritize interventions based on their effectiveness in improving water sustainability and resilience. This holistic 
approach ensures that the proposed strategies are well-rounded, addressing both technical and social aspects of water 
resource management. 

By employing this analytical framework, the study aims to develop actionable recommendations for sustainable water 
resource planning that are resilient to the impacts of climate change. The framework’s comprehensive nature ensures 
that all critical factors influencing water resource sustainability are considered, leading to more robust and effective 
solutions. 

4. Current Water Resource Situation 

4.1. Analysis of current water supply systems in the camps 

The current water supply systems in the Rohingya refugee camps in Cox’s Bazar, Bangladesh, are characterized by a 
combination of groundwater extraction, surface water usage, and rainwater harvesting, each with its distinct challenges 
and limitations. Groundwater extraction is the primary source of water, facilitated through numerous tube wells 
installed across the camps. However, the over-reliance on groundwater has led to significant concerns about the 
sustainability of this resource, with reports indicating a decline in water table levels due to excessive extraction 
(UNICEF, 2019). 
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Surface water sources, including ponds and streams, are also utilized, particularly during the monsoon season when 
water availability is higher. However, these sources are highly susceptible to contamination from human waste, 
agricultural runoff, and other pollutants, posing serious health risks to the refugee population (Islam et al., 2020). The 
seasonal variability in water quality and availability further exacerbates the challenges, with monsoon rains often 
leading to flooding and contamination, while the dry season results in acute water shortages. 

Rainwater harvesting has been introduced as an alternative water source to alleviate pressure on groundwater and 
provide a more sustainable supply. However, the implementation of rainwater harvesting systems has been limited and 
inconsistent, with many installations lacking proper maintenance and infrastructure support (UNHCR, 2019). 

The distribution systems for water within the camps are equally challenged. Many water points and distribution 
networks are poorly maintained, leading to frequent breakdowns and interruptions in supply. The high population 
density in the camps, averaging over 40,000 people per square kilometer, puts additional stress on these systems, 
making it difficult to ensure equitable and sufficient water distribution (IOM, 2019). 

Overall, the current water supply systems in the Rohingya camps are strained and face numerous operational and 
environmental challenges. Addressing these issues requires a comprehensive and sustainable approach to water 
resource management, with a focus on enhancing infrastructure, improving water quality, and ensuring the resilience 
of water supply systems against the impacts of climate change. 

4.2. Water quality assessment results 

Water quality assessments conducted in the Rohingya refugee camps reveal significant concerns regarding the safety 
and potability of available water sources. Tests performed on groundwater, surface water, and rainwater harvesting 
systems indicate varying degrees of contamination and health risks. 

4.2.1. Groundwater Quality 

Groundwater, which is the primary source of drinking water in the camps, has shown contamination with microbial 
pathogens. Studies have detected high levels of E. coli in numerous tube wells, indicating fecal contamination and the 
potential for waterborne diseases such as diarrhea and cholera (Islam et al., 2020). Chemical contaminants, including 
arsenic and nitrate, have also been found in some groundwater samples, posing long-term health risks to the refugee 
population (UNICEF, 2018). 

4.2.2. Surface Water Quality 

Surface water sources, such as ponds and streams, are highly vulnerable to contamination due to their open nature and 
proximity to human settlements. Water quality tests on these sources have revealed high turbidity levels and the 
presence of microbial contaminants, including coliform bacteria and protozoa. The contamination is often exacerbated 
during the monsoon season when runoff from latrines and other waste disposal areas enters these water bodies (WHO, 
2019). 

4.2.3. Rainwater Harvesting Systems 

While rainwater harvesting presents a potentially clean source of water, the quality of harvested rainwater can vary 
significantly. In many cases, the storage and collection systems are not adequately maintained, leading to microbial 
growth and contamination. Tests on rainwater samples have occasionally shown the presence of bacteria and other 
pathogens, underscoring the need for regular maintenance and proper filtration systems (UNHCR, 2019). 

4.2.4. Health Implications 

The poor water quality in the camps has direct implications for public health. The prevalence of waterborne diseases 
remains high, particularly among children, who are more vulnerable to the effects of contaminated water. Diarrheal 
diseases are a leading cause of morbidity in the camps, directly linked to the consumption of unsafe water (Islam et al., 
2020). 

In summary, the water quality assessment results highlight the urgent need for improved water treatment and 
sanitation practices in the Rohingya refugee camps. Ensuring access to safe and clean drinking water is critical for 
protecting public health and enhancing the overall resilience of the water supply systems in the face of ongoing 
challenges. 
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4.3. Challenges in maintaining water quantity and quality 

Maintaining adequate water quantity and quality in the Rohingya refugee camps poses significant challenges, 
exacerbated by high population density, limited infrastructure, and environmental factors. These challenges must be 
addressed to ensure sustainable water resource management and safeguard public health. 

4.3.1. Over-reliance on Groundwater 

The primary reliance on groundwater for drinking and daily use has led to excessive extraction, resulting in a declining 
water table. This over-extraction not only depletes the aquifer but also risks drawing in contaminants from surrounding 
areas, compromising water quality (UNICEF, 2019). The lack of alternative water sources exacerbates this issue, 
particularly during the dry season when groundwater recharge is minimal. 

4.3.2. Contamination Risks 

Water contamination is a pervasive problem in the camps. Groundwater sources are frequently contaminated with 
microbial pathogens, including E. coli and coliform bacteria, due to inadequate sanitation facilities and improper waste 
disposal practices (Islam et al., 2020). Surface water sources are similarly affected, with runoff from latrines and other 
waste contributing to high levels of biological contaminants. The risk of chemical contamination, such as arsenic and 
nitrates, further complicates water safety, posing long-term health risks (UNICEF, 2018). 

4.3.3. Infrastructure Limitations 

The water supply infrastructure in the camps is often insufficient and poorly maintained. Many tube wells, water points, 
and distribution systems suffer from frequent breakdowns and inefficiencies, leading to inconsistent water supply 
(UNHCR, 2019). The high population density and rapid expansion of the camps have outpaced the development and 
maintenance of water infrastructure, resulting in inadequate access to safe water for many residents. 

4.3.4. Seasonal Variability 

Seasonal changes greatly impact water availability and quality. The monsoon season, while replenishing water sources, 
often leads to flooding and contamination of both surface and groundwater due to increased runoff and poor drainage 
systems (WHO, 2019). Conversely, the dry season exacerbates water scarcity, reducing the availability of clean water 
and increasing reliance on contaminated sources. 

4.3.5. Community Practices and Awareness 

Community practices and awareness levels also play a critical role in water resource management. Limited awareness 
about the importance of safe water practices and the proper maintenance of water points contributes to contamination 
and inefficiencies in water use (IOM, 2019). Education and community engagement are essential for promoting 
sustainable water use and improving overall water quality. 

4.3.6. Climate Change 

Climate change further complicates these challenges by altering precipitation patterns and increasing the frequency of 
extreme weather events. These changes can lead to more severe dry spells and intense flooding, exacerbating the 
existing difficulties in maintaining water quantity and quality (Ahmed & Islam, 2019). 

Addressing these multifaceted challenges requires a comprehensive approach that includes improving infrastructure, 
implementing effective water treatment and sanitation practices, and enhancing community awareness and 
participation. Sustainable water resource planning must also account for the impacts of climate change to ensure long-
term water security for the Rohingya refugee camps. 

4.4. Impact of population density and seasonal variations. 

The Rohingya refugee camps in Cox’s Bazar, Bangladesh, face significant challenges in maintaining water resource 
sustainability, largely due to the high population density and pronounced seasonal variations. These factors exacerbate 
existing issues related to water quantity and quality, creating a precarious situation for the camp inhabitants. 

4.4.1. Population Density 

The extremely high population density in the camps, with an average of over 40,000 people per square kilometer, places 
immense pressure on available water resources (UNHCR, 2020). This density not only leads to over-extraction of 
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groundwater but also increases the likelihood of water contamination. The crowded living conditions make it difficult 
to maintain adequate sanitation facilities, contributing to the spread of waterborne diseases. The limited space and 
infrastructure capacity further complicate the equitable distribution of water, often resulting in long queues and 
conflicts at water points (IOM, 2019). 

4.4.2. Seasonal Variations 

Seasonal variations in the region significantly impact water availability and quality. The monsoon season, which occurs 
from June to October, brings heavy rainfall that can replenish water sources but also causes severe flooding. This 
flooding often leads to contamination of surface water and shallow groundwater sources with pathogens from latrines 
and other waste, posing serious health risks (Islam et al., 2020). The infrastructure in the camps is not adequately 
equipped to handle such extreme weather conditions, leading to disruptions in water supply and sanitation services. 

4.4.3. Conversely, the dry season from November to May exacerbates water scarcity. During this period, groundwater levels 
drop due to reduced recharge rates, making it increasingly difficult to extract sufficient water to meet the needs of the camp 
population (UNICEF, 2018). The reduced water availability during the dry season forces residents to rely on potentially 
contaminated sources, increasing the risk of waterborne diseases. 

4.4.4. Adaptation and Mitigation 

Addressing the impacts of population density and seasonal variations requires adaptive water resource management 
strategies. These include improving water infrastructure to ensure reliable supply and distribution, enhancing 
sanitation facilities to prevent contamination, and implementing sustainable water practices such as rainwater 
harvesting to mitigate the effects of seasonal water shortages (Ahmed & Islam, 2019). Additionally, community 
engagement and education are crucial for promoting water conservation and hygiene practices, helping to manage the 
high demand and prevent waterborne diseases. 

4.4.5. By understanding and addressing the specific challenges posed by population density and seasonal variations, 
sustainable water resource planning can be developed to enhance the resilience and well-being of the Rohingya refugee 
population. 

5. Climate Change Impacts on Water Resources 

5.1. Overview of climate change projections for the region. 

Climate change poses significant challenges to water resource management in South Asia, particularly in Bangladesh, 
where the Rohingya refugee camps are located. Projections indicate that the region will experience increased variability 
in precipitation patterns, rising temperatures, and more frequent and intense extreme weather events, all of which have 
critical implications for water resources. 

5.1.1. Precipitation Patterns 

Climate models predict significant changes in the seasonal distribution and intensity of rainfall in Bangladesh. There is 
an expected increase in the intensity of monsoon rains, leading to more severe flooding events, while dry periods are 
projected to become longer and more intense, exacerbating drought conditions (IPCC, 2019). These changes can disrupt 
the availability and reliability of water sources, complicating efforts to maintain a consistent water supply in refugee 
camps. 

5.1.2. Temperature Increases 

Rising temperatures are another major concern, with projections suggesting an increase of 1.5 to 2.5 degrees Celsius by 
the mid-21st century (Huq et al., 2018). Higher temperatures can accelerate the evaporation of surface water and 
increase the demand for water, both of which strain existing water resources. Additionally, warmer temperatures can 
enhance the proliferation of pathogens in water sources, posing additional health risks to the refugee population. 

5.1.3. Sea Level Rise and Salinity Intrusion 

Bangladesh's coastal areas are particularly vulnerable to sea level rise, which can lead to increased salinity intrusion 
into freshwater sources. This phenomenon affects both surface water and groundwater quality, making it more difficult 
to find potable water in affected regions (Shamsudduha et al., 2019). Although the Rohingya camps are not located in 
coastal zones, the broader regional impacts can still affect water supply chains and overall resource availability. 
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5.1.4. Extreme Weather Events 

The frequency and severity of extreme weather events, such as cyclones and heatwaves, are projected to increase under 
climate change scenarios. These events can cause significant disruptions to water infrastructure, leading to 
contamination and loss of access to clean water (Mirza, 2011). The refugee camps, with their limited infrastructure, are 
particularly susceptible to such disruptions, necessitating robust adaptation and mitigation measures. 

5.1.5. Implications for Water Resource Management 

The projected climate changes highlight the urgent need for adaptive water resource management strategies in the 
Rohingya refugee camps. This includes enhancing infrastructure to withstand extreme weather, diversifying water 
sources to reduce dependency on any single source, and implementing efficient water conservation practices. 
Integrating climate resilience into water management planning is essential to ensure the long-term sustainability of 
water resources in the face of these anticipated changes. 

5.2. Potential impacts on water availability and quality 

Climate change is expected to have profound impacts on both the availability and quality of water resources in 
Bangladesh, significantly affecting the Rohingya refugee camps in Cox’s Bazar. These impacts will exacerbate existing 
challenges and create new vulnerabilities in water resource management. 

5.2.1. Water Availability: 

Seasonal Variability and Droughts 

Climate change is projected to alter precipitation patterns, leading to more intense and prolonged dry spells. This 
increased variability can result in water shortages during the dry season, as groundwater recharge rates decline and 
surface water sources dry up (Ahmed & Islam, 2019). The reliance on groundwater in the refugee camps will be 
particularly strained, as lower recharge rates fail to replenish the aquifers, causing reduced water availability and 
increased competition for resources. 

Increased Evaporation: 

Rising temperatures will lead to higher evaporation rates from surface water bodies and soil, further reducing the 
available water supply (Huq et al., 2018). This effect will be especially pronounced during the hot dry season, 
exacerbating water scarcity issues in the camps. 

Flooding and Water Logging: 

More intense and frequent monsoon rains are expected to lead to severe flooding. While floods temporarily increase 
water availability, they can also destroy water infrastructure, contaminate water sources, and disrupt the distribution 
of clean water (Mirza, 2011). The destruction of wells, water pumps, and storage facilities during floods can leave the 
camps without reliable access to clean water. 

5.2.2. Water Quality 

Contamination from Flooding 

Flood events can lead to the contamination of both surface and groundwater with pathogens from latrines, sewage 
systems, and animal waste. This contamination increases the risk of waterborne diseases, such as cholera and dysentery, 
which are already prevalent in overcrowded camp conditions (Islam et al., 2020). 

Salinity Intrusion 

Rising sea levels and increased salinity intrusion pose a significant threat to water quality, particularly in coastal and 
deltaic regions of Bangladesh. While the Rohingya camps are not directly on the coast, the regional impacts of salinity 
intrusion can affect overall freshwater availability and quality (Shamsudduha et al., 2019). Salinity can contaminate 
both surface and groundwater sources, making water unsuitable for drinking and irrigation. 

Chemical Contaminants 

Higher temperatures and changing precipitation patterns can mobilize chemical contaminants such as arsenic and 
nitrates in groundwater. These chemicals pose serious long-term health risks, including cancer and developmental 
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issues in children (Ahmed et al., 2018). The management of such contaminants will become increasingly challenging 
under changing climatic conditions. 

5.2.3. Adaptation Strategies 

Addressing these potential impacts requires comprehensive adaptation strategies that enhance the resilience of water 
resources. These strategies include improving water infrastructure to withstand extreme weather events, diversifying 
water sources to reduce dependence on any single source, implementing advanced water treatment technologies, and 
promoting community-based water management practices. By integrating these adaptive measures, the water security 
of the Rohingya refugee camps can be better protected against the impacts of climate change. 

5.3. Case examples of recent climate-related water issues in the camps 

The Rohingya refugee camps in Bangladesh have faced significant challenges due to climate-related water issues. These 
challenges have been exacerbated by the impact of climate change, leading to an urgent need for sustainable water 
resource planning. This section provides case examples of recent climate-related water issues in the camps, analyzing 
their implications for water resource management and public health. 

5.3.1. Case Example 1: Flooding and Water Contamination 

In recent years, the Rohingya refugee camps have experienced severe flooding during the monsoon seasons. The heavy 
rains lead to overflowing of latrines and the contamination of water sources with fecal matter. For instance, in July 2019, 
torrential rains caused extensive flooding in the camps, affecting over 16,000 refugees (UNICEF, 2019). The floodwaters 
mixed with human waste, resulting in the contamination of water supplies and increasing the risk of waterborne 
diseases such as cholera and diarrhea. 

Analysis: Flooding not only disrupts the availability of clean drinking water but also creates breeding grounds for 
waterborne pathogens. This situation underscores the necessity for improved drainage systems, elevated latrine 
structures, and robust water purification measures to ensure the safety and sustainability of water resources during 
extreme weather events. 

5.3.2. Case Example 2: Drought and Water Scarcity 

In contrast to flooding, periods of drought have also posed significant challenges. During the dry season, the water table 
in the camps drops significantly, leading to water scarcity. In 2020, a prolonged dry spell resulted in the depletion of 
groundwater resources, causing severe water shortages for the camp residents (IOM, 2020). The lack of water not only 
affected daily living but also hindered hygiene practices, increasing the vulnerability to diseases. 

Analysis: Drought conditions highlight the importance of implementing water-saving technologies and practices, such 
as rainwater harvesting and the construction of deep tube wells. Additionally, there is a need for comprehensive water 
management strategies that include both supply augmentation and demand management to ensure a reliable water 
supply throughout the year. 

5.3.3. Case Example 3: Cyclones and Infrastructure Damage 

Cyclones have periodically impacted the Rohingya camps, causing widespread damage to water infrastructure. For 
example, Cyclone Amphan in May 2020 caused significant damage to water and sanitation facilities, leaving thousands 
without access to clean water (ReliefWeb, 2020). The strong winds and heavy rains not only destroyed water storage 
tanks and pipelines but also disrupted the distribution of emergency water supplies. 

Analysis: The destruction caused by cyclones highlights the vulnerability of water infrastructure to extreme weather 
events. There is a critical need to invest in resilient infrastructure that can withstand such events. This includes the 
construction of cyclone-resistant water storage systems and the reinforcement of existing water distribution networks 
to ensure they remain functional during and after cyclonic events. 

The case examples of flooding, drought, and cyclones in the Rohingya refugee camps illustrate the multifaceted impact 
of climate-related water issues. These challenges necessitate a holistic approach to water resource planning that 
incorporates climate resilience and sustainable management practices. By addressing these issues, it is possible to 
enhance the availability and quality of water resources, thereby improving the overall health and well-being of the camp 
residents. 
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6. Sustainable Water Resource Planning 

6.1. Principles of sustainable water resource management 

Sustainable water resource management is crucial for ensuring the long-term availability and quality of water in 
environments vulnerable to the impacts of climate change, such as the Rohingya refugee camps in Bangladesh. This 
section outlines key principles of sustainable water resource management and analyzes their application in the context 
of the refugee camps. 

6.1.1. Principle 1: Integrated Water Resources Management (IWRM) 

Concept: Integrated Water Resources Management (IWRM) is a process that promotes coordinated development and 
management of water, land, and related resources to maximize economic and social welfare without compromising the 
sustainability of vital ecosystems (Global Water Partnership, 2000). 

Application and Analysis: In the context of the Rohingya refugee camps, implementing IWRM involves the coordination 
of various stakeholders, including humanitarian organizations, government agencies, and the refugee community. This 
integrated approach ensures that water resource planning considers all aspects of water usage, from drinking and 
sanitation to agriculture and ecosystem support. For example, coordination between agencies can lead to the 
construction of multi-use water infrastructure that supports both human needs and environmental conservation 
(UNHCR, 2020). 

6.1.2. Principle 2: Water Conservation and Efficiency 

Concept: Water conservation and efficiency involve minimizing water wastage and optimizing the use of available water 
resources through efficient practices and technologies. 

Application and Analysis: In refugee camps where water scarcity is a recurring issue, promoting water-saving practices 
and technologies is essential. Implementing low-flow fixtures, educating the community on water-saving practices, and 
repairing leaks promptly can significantly reduce water wastage. For instance, introducing rainwater harvesting 
systems can provide an alternative water source during the dry season, alleviating pressure on groundwater resources 
(IFRC, 2019). 

6.1.3. Principle 3: Resilience to Climate Change 

Concept: Building resilience to climate change involves developing water management strategies that can withstand 
and adapt to the changing climate conditions, such as increased frequency of extreme weather events. 

Application and Analysis: The refugee camps are highly susceptible to climate-induced disasters like flooding and 
drought. Enhancing resilience involves designing infrastructure that can endure these events, such as elevated water 
storage tanks to prevent contamination during floods and deep tube wells to access water during droughts. Additionally, 
climate forecasting and early warning systems can help anticipate and mitigate the impacts of extreme weather on water 
resources (FAO, 2020). 

6.1.4. Principle 4: Community Involvement and Education 

Concept: Engaging the community in water management practices and educating them on sustainable water use is 
critical for the long-term success of water resource management strategies. 

Application and Analysis: Involving the refugee community in the planning and implementation of water management 
initiatives ensures that the strategies are culturally appropriate and widely accepted. Education programs can teach 
residents about the importance of water conservation and hygiene practices, which is vital for preventing waterborne 
diseases. Community-led maintenance programs can also empower residents to take ownership of their water systems, 
leading to more sustainable management (UNICEF, 2018). 

6.1.5. Principle 5: Protecting Water Quality 

Concept: Ensuring the protection of water quality is essential for safeguarding public health and maintaining the 
ecological balance of water bodies. 
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Application and Analysis: Protecting water quality in the refugee camps involves regular monitoring of water sources 
and implementing measures to prevent contamination. This includes proper sanitation facilities, safe disposal of waste, 
and immediate response to contamination incidents. Water purification systems, such as chlorination and filtration, can 
ensure that the water remains safe for consumption, even during emergencies (WHO, 2017). 

Adhering to these principles of sustainable water resource management can significantly enhance the resilience and 
reliability of water resources in the Rohingya refugee camps. Integrated planning, conservation efforts, climate 
resilience, community involvement, and water quality protection are essential components of a holistic approach to 
managing water resources sustainably in the face of climate change. 

6.2. Strategies for improving water infrastructure and supply systems 

The Rohingya refugee camps in Bangladesh face significant challenges in maintaining a reliable and safe water supply 
due to the impacts of climate change. Enhancing water infrastructure and supply systems is essential to address these 
challenges. This section outlines key strategies for improving water infrastructure and supply systems and provides an 
analysis of their application and effectiveness in the context of the refugee camps. 

6.2.1. Strategy 1: Implementing Advanced Water Storage Solutions 

Concept: Advanced water storage solutions involve the use of technologies and designs that ensure the safe and efficient 
storage of water, even under adverse climatic conditions. 

Application and Analysis: Elevated water storage tanks and underground reservoirs can protect water supplies from 
contamination during floods and reduce evaporation losses during droughts. For example, the use of ferrocement tanks, 
which are durable and relatively easy to construct, can provide a reliable storage solution (WHO, 2017). Additionally, 
modular storage systems that can be expanded as needed can accommodate fluctuating population sizes in refugee 
camps. 

6.2.2. Strategy 2: Developing Robust Water Distribution Networks 

Concept: Robust water distribution networks ensure the efficient and equitable delivery of water throughout the 
refugee camps. 

Application and Analysis: Upgrading and maintaining distribution pipelines to prevent leaks and contamination is 
crucial. Installing pressure-regulating valves can help manage water pressure and reduce the risk of pipe bursts 
(UNHCR, 2020). Moreover, designing the distribution network to include multiple water sources and supply points can 
enhance the system's resilience to disruptions caused by extreme weather events. 

6.2.3. Strategy 3: Enhancing Groundwater Recharge and Management 

Concept: Enhancing groundwater recharge and management involves techniques to replenish and sustainably use 
groundwater resources. 

Application and Analysis: Constructing recharge wells and infiltration basins can help increase groundwater levels, 
ensuring a reliable water supply during dry periods. Implementing managed aquifer recharge (MAR) systems can store 
excess rainwater and surface water underground for future use (FAO, 2020). Regular monitoring of groundwater levels 
and quality is essential to prevent over-extraction and contamination. 

6.2.4. Strategy 4: Utilizing Alternative Water Sources 

Concept: Utilizing alternative water sources includes the adoption of non-traditional water sources such as rainwater, 
greywater, and desalinated water. 

Application and Analysis: Rainwater harvesting systems can capture and store rainwater for various uses, reducing 
dependence on groundwater and surface water sources. Greywater recycling systems can treat and reuse wastewater 
from non-toilet plumbing systems for irrigation and other non-potable uses (IOM, 2019). Desalination, though energy-
intensive, can provide a supplemental water source if renewable energy sources are integrated into the process. 
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6.2.5. Strategy 5: Incorporating Smart Water Management Technologies 

Concept: Smart water management technologies leverage digital tools and data analytics to optimize water resource 
management. 

Application and Analysis: Implementing real-time monitoring systems can help detect leaks, monitor water quality, and 
manage water usage efficiently. Automated control systems can optimize water distribution based on demand patterns, 
ensuring that water is delivered where and when it is needed most (GWP, 2019). Additionally, data analytics can predict 
future water needs and identify potential vulnerabilities in the water supply system. 

6.2.6. Strategy 6: Building Community Capacity and Involvement 

Concept: Building community capacity and involvement ensures that local populations are equipped to manage and 
maintain water infrastructure. 

Application and Analysis: Training community members in water management and infrastructure maintenance can 
create a sense of ownership and ensure the sustainability of water systems. Community involvement in decision-making 
processes can lead to the development of culturally appropriate and widely accepted water management practices 
(UNICEF, 2018). Establishing local water committees can facilitate ongoing maintenance and rapid response to water-
related issues. 

Implementing these strategies can significantly enhance the resilience and efficiency of water infrastructure and supply 
systems in the Rohingya refugee camps. Advanced storage solutions, robust distribution networks, groundwater 
management, alternative water sources, smart technologies, and community involvement are critical components of a 
comprehensive approach to sustainable water resource planning in the context of climate change. 

6.3. Incorporation of climate resilience into water resource planning. 

Climate change poses significant threats to water resources, particularly in vulnerable settings like the Rohingya refugee 
camps in Bangladesh. Incorporating climate resilience into water resource planning is essential to ensure the 
sustainability and reliability of water supplies in the face of increasing climate variability and extreme weather events. 
This section explores strategies for integrating climate resilience into water resource planning and provides an analysis 
of their application and effectiveness in the context of the refugee camps. 

6.3.1. Strategy 1: Climate Risk Assessment and Adaptation Planning 

Concept: Climate risk assessment involves identifying and evaluating potential climate-related risks to water resources, 
while adaptation planning focuses on developing strategies to mitigate these risks. 

Application and Analysis: Conducting comprehensive climate risk assessments in the Rohingya camps can identify 
vulnerabilities in the water supply system, such as susceptibility to flooding, drought, and contamination. Adaptation 
planning can then develop targeted strategies to address these vulnerabilities, such as reinforcing infrastructure, 
diversifying water sources, and implementing early warning systems for extreme weather events (IPCC, 2018). For 
example, the construction of flood barriers and the establishment of emergency water supply reserves can enhance the 
camps' resilience to flooding. 

6.3.2. Strategy 2: Enhancing Infrastructure Resilience 

Concept: Enhancing infrastructure resilience involves designing and upgrading water infrastructure to withstand 
extreme weather conditions and climate variability. 

Application and Analysis: Water infrastructure in the refugee camps should be designed or retrofitted to endure climate 
impacts. This includes elevating water storage tanks to prevent contamination during floods, reinforcing pipelines to 
withstand high water pressures, and constructing resilient drainage systems to manage stormwater (UNHCR, 2020). 
Additionally, incorporating flexible design principles can allow for future modifications as climate conditions evolve. 

6.3.3. Strategy 3: Diversifying Water Sources 

Concept: Diversifying water sources involves utilizing multiple water sources to reduce dependency on any single 
source and enhance the overall resilience of the water supply system. 
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Application and Analysis: Relying on a diverse array of water sources can mitigate the risk of supply disruptions due to 
climate impacts. In the Rohingya camps, this can include the implementation of rainwater harvesting systems, the use 
of groundwater recharge techniques, and the development of small-scale desalination units where feasible (FAO, 2020). 
Diversifying water sources not only ensures a more reliable supply but also spreads the risk across different types of 
water resources. 

6.3.4. Strategy 4: Integrating Climate Data and Forecasting 

Concept: Integrating climate data and forecasting involves using climate projections and real-time weather data to 
inform water resource management decisions. 

Application and Analysis: Incorporating climate data into water resource planning can help anticipate and prepare for 
climate-related impacts. For example, using seasonal climate forecasts can guide the timing of water storage and 
distribution to align with predicted weather patterns (GWP, 2019). Real-time monitoring and data analysis can also 
facilitate adaptive management, allowing for timely adjustments in response to changing conditions. 

6.3.5. Strategy 5: Building Community Awareness and Capacity 

Concept: Building community awareness and capacity involves educating and empowering the local population to 
understand and address climate risks to water resources. 

Application and Analysis: Educating the refugee community about climate change and its impact on water resources 
can foster more resilient water use practices. Training programs on water conservation, emergency preparedness, and 
infrastructure maintenance can equip residents with the skills needed to manage water resources sustainably (UNICEF, 
2018). Community involvement in climate resilience initiatives can also enhance local ownership and ensure the 
sustainability of implemented strategies. 

6.3.6. Strategy 6: Establishing Governance and Institutional Support 

Concept: Establishing robust governance structures and institutional support mechanisms is crucial for effective 
climate-resilient water resource management. 

Application and Analysis: Effective governance structures can coordinate efforts across different sectors and 
stakeholders involved in water management. This includes developing policies and regulations that promote climate 
resilience, securing funding for resilience projects, and fostering collaboration between humanitarian organizations, 
government agencies, and the refugee community (UNEP, 2019). Strong institutional support can ensure the 
implementation and sustainability of resilience strategies. 

Integrating climate resilience into water resource planning is essential for ensuring the sustainability and reliability of 
water supplies in the Rohingya refugee camps. By conducting climate risk assessments, enhancing infrastructure 
resilience, diversifying water sources, integrating climate data, building community capacity, and establishing robust 
governance structures, it is possible to create a water management system that can withstand and adapt to the 
challenges posed by climate change. 

6.4. Role of technology and innovation (e.g., rainwater harvesting, solar-powered pumps). 

Technology and innovation play pivotal roles in enhancing sustainable water resource planning, especially in vulnerable 
settings like the Rohingya refugee camps in Bangladesh. Innovative solutions such as rainwater harvesting and solar-
powered pumps can significantly improve water supply reliability and resilience in the context of climate change. This 
section explores the role of these technologies and analyzes their application and effectiveness in the refugee camps. 

6.4.1. Rainwater Harvesting Systems 

Concept: Rainwater harvesting involves collecting and storing rainwater from rooftops or other surfaces for later use. 
It is an effective method to augment water supplies and reduce reliance on traditional water sources. 

Application and Analysis: In the Rohingya camps, rainwater harvesting can provide an alternative water source during 
the rainy season, mitigating the pressure on groundwater and other sources. Implementing rooftop rainwater 
harvesting systems can capture significant amounts of water, which can be stored in tanks and used for drinking, 
cooking, and hygiene (UNHCR, 2020). This technology is particularly useful in areas with erratic rainfall patterns, as it 
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can store excess water during heavy rains for use during dry periods. The simplicity and cost-effectiveness of rainwater 
harvesting make it a viable solution for the refugee camps. 

6.4.2. Solar-Powered Water Pumps 

Concept: Solar-powered water pumps use photovoltaic panels to convert sunlight into electrical energy, which powers 
the water pumps. This technology provides a sustainable and renewable energy source for water extraction and 
distribution. 

Application and Analysis: Solar-powered pumps are particularly beneficial in the Rohingya camps due to the abundance 
of sunlight. These pumps can be used to extract groundwater or to pump water from storage tanks to distribution points. 
The use of solar energy eliminates the need for fuel and reduces operational costs, making it an environmentally friendly 
and economically viable option (FAO, 2020). Additionally, solar-powered pumps can be combined with storage systems 
to ensure a continuous water supply even during cloudy days or at night, enhancing the resilience of the water supply 
system. 

6.4.3. Water Purification Technologies 

Concept: Water purification technologies involve various methods and devices to remove contaminants from water, 
making it safe for consumption. 

Application and Analysis: In the refugee camps, the use of portable water purification units, such as chlorination systems 
and UV purification devices, can ensure the provision of safe drinking water. These technologies are essential for 
preventing waterborne diseases, which are prevalent in areas with compromised water quality (WHO, 2017). For 
instance, portable chlorination units can be deployed in emergency situations to quickly disinfect large volumes of 
water, while UV purification devices can be used at the household level for daily water treatment. 

6.4.4. Smart Water Management Systems 

Concept: Smart water management systems leverage digital technologies, such as sensors, data analytics, and remote 
monitoring, to optimize water resource management. 

Application and Analysis: Implementing smart water management systems in the Rohingya camps can enhance the 
efficiency and effectiveness of water distribution. Sensors can monitor water levels in storage tanks and wells, providing 
real-time data to optimize water use and distribution (GWP, 2019). Data analytics can predict water demand and 
identify potential leaks or inefficiencies in the system. Remote monitoring enables rapid response to issues, ensuring 
that water supplies remain uninterrupted and safe. 

6.4.5. Desalination Technologies 

Concept: Desalination technologies remove salt and other impurities from seawater or brackish water, making it 
suitable for drinking and other uses. 

Application and Analysis: While desalination is typically more energy-intensive than other water purification methods, 
advancements in technology have made it more viable for use in areas with limited freshwater resources. In coastal 
regions near the Rohingya camps, small-scale desalination units powered by renewable energy sources, such as solar 
or wind, can provide an additional water source (IOM, 2019). This can be particularly useful during dry periods when 
other water sources are scarce. 

The integration of technology and innovation is crucial for sustainable water resource planning in the Rohingya refugee 
camps. Rainwater harvesting, solar-powered pumps, water purification technologies, smart water management 
systems, and desalination technologies offer viable solutions to enhance water supply reliability and resilience. By 
leveraging these technologies, it is possible to address the challenges posed by climate change and ensure the 
sustainable management of water resources in the refugee camps. 
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7. Community-Based Approaches 

7.1. Importance of involving the refugee community in water management. 

Community-based approaches to water management involve actively engaging the local population in the planning, 
implementation, and maintenance of water resource systems. In the context of the Rohingya refugee camps in 
Bangladesh, involving the refugee community in water management is crucial for ensuring the sustainability and 
effectiveness of water resource planning. This section discusses the importance of community involvement and 
analyzes its impact on water management practices. 

7.1.1. Enhancing Ownership and Responsibility 

Concept: When the refugee community is involved in water management, they develop a sense of ownership and 
responsibility towards the water resources and infrastructure. 

Application and Analysis: In the Rohingya camps, community participation in the construction, operation, and 
maintenance of water systems ensures that the residents feel responsible for the upkeep and efficient use of these 
resources. For example, forming water management committees consisting of community members can help distribute 
responsibilities, such as monitoring water usage and reporting leaks or damages (UNHCR, 2020). This sense of 
ownership encourages the community to use water resources judiciously and maintain the infrastructure, reducing the 
likelihood of misuse and neglect. 

7.1.2. Leveraging Local Knowledge and Practices 

Concept: The refugee community possesses valuable local knowledge and traditional practices that can enhance water 
management strategies. 

Application and Analysis: Engaging the community in water management allows for the incorporation of traditional 
water conservation practices and local knowledge into the planning process. For instance, community members may 
have insights into local water sources, seasonal variations, and effective water-saving techniques (IFRC, 2019). 
Leveraging this knowledge can lead to more culturally appropriate and sustainable water management practices that 
are better suited to the specific context of the camps. 

7.1.3. Building Community Resilience 

Concept: Involving the community in water management enhances their resilience to climate-related water challenges 
by empowering them with the skills and knowledge needed to adapt and respond effectively. 

Application and Analysis: Training programs that educate the community on climate change impacts, water 
conservation, and emergency response can build their capacity to manage water resources sustainably. For example, 
training women and youth in water management practices can empower them to take active roles in maintaining water 
infrastructure and implementing conservation measures (UNICEF, 2018). This increased capacity and resilience enable 
the community to better withstand and adapt to climate-induced water challenges, such as droughts and floods. 

7.1.4. Ensuring Sustainability of Water Systems 

Concept: Community involvement in water management promotes the long-term sustainability of water systems by 
fostering local ownership and ensuring ongoing maintenance and operation. 

Application and Analysis: Community-based management ensures that water systems are maintained and operated 
effectively over the long term. For instance, involving the community in regular maintenance activities, such as cleaning 
water storage tanks and repairing pipes, helps ensure the continuous functionality of the water infrastructure (IOM, 
2019). Additionally, community-led initiatives can identify and address issues promptly, preventing small problems 
from escalating into major failures. 

7.1.5. Promoting Equity and Inclusion 

Concept: Engaging the refugee community in water management promotes equity and inclusion by ensuring that all 
segments of the population have a voice in the decision-making process. 
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Application and Analysis: Inclusive water management practices ensure that the needs and perspectives of all 
community members, including women, children, and marginalized groups, are considered. This can be achieved 
through participatory approaches, such as community meetings and focus group discussions, where diverse voices can 
be heard and integrated into water management plans (WHO, 2017). Promoting equity and inclusion helps ensure that 
water resources are distributed fairly and that the benefits of improved water management are shared by all. 

Involving the refugee community in water management is essential for the sustainability and effectiveness of water 
resource planning in the Rohingya camps. Community-based approaches enhance ownership and responsibility, 
leverage local knowledge, build resilience, ensure the sustainability of water systems, and promote equity and inclusion. 
By actively engaging the refugee community in these processes, it is possible to create more resilient, efficient, and 
sustainable water management practices that can withstand the challenges posed by climate change. 

7.2. Examples of successful community-based water initiatives. 

Community-based water initiatives have proven effective in managing water resources sustainably, particularly in 
vulnerable and resource-constrained settings. This section presents examples of successful community-based water 
initiatives and analyzes their key elements and outcomes, demonstrating their relevance to the Rohingya refugee camps 
in Bangladesh. 

7.2.1. Example 1: Water User Associations in Nepal 

Overview: In Nepal, Water User Associations (WUAs) have been established to manage irrigation systems and ensure 
equitable water distribution among farmers. These associations are community-led and involve active participation 
from all members. 

Application and Analysis: The success of WUAs in Nepal can be attributed to their inclusive and participatory approach, 
which ensures that all stakeholders have a voice in decision-making. Members of the community are responsible for the 
operation, maintenance, and management of the irrigation systems, leading to a strong sense of ownership and 
accountability (Pant & Pant, 2019). The participatory nature of WUAs has led to improved water use efficiency, reduced 
conflicts over water, and increased agricultural productivity. In the context of the Rohingya camps, establishing similar 
community-led water management groups can foster local ownership and ensure sustainable water management. 

7.2.2. Example 2: Community-Led Total Sanitation (CLTS) in Bangladesh 

Overview: Community-Led Total Sanitation (CLTS) is an approach that empowers communities to eliminate open 
defecation by raising awareness about sanitation and hygiene practices. This initiative has been widely implemented in 
Bangladesh with significant success. 

Application and Analysis: CLTS has been successful due to its focus on community mobilization and behavioral change. 
By engaging community members in discussions and activities that highlight the importance of sanitation, CLTS fosters 
a collective sense of responsibility for improving hygiene practices (Kar & Chambers, 2008). The approach has led to 
widespread adoption of latrines, improved sanitation practices, and a reduction in waterborne diseases. In the Rohingya 
camps, implementing a similar community-driven approach to water and sanitation can improve hygiene standards and 
protect water quality. 

7.2.3. Example 3: Rainwater Harvesting in Rajasthan, India 

Overview: In the arid region of Rajasthan, India, community-based rainwater harvesting initiatives have been 
implemented to address water scarcity. Villages have constructed traditional water harvesting structures, such as 
johads (small earthen check dams), with community participation. 

Application and Analysis: The success of rainwater harvesting in Rajasthan is due to the active involvement of the 
community in planning, constructing, and maintaining the structures. These initiatives have revived traditional water 
conservation practices, increased groundwater levels, and provided a reliable water source during dry periods (Agarwal 
& Narain, 2001). The participatory approach ensures that the community values and maintains the structures, leading 
to long-term sustainability. In the Rohingya camps, rainwater harvesting projects can similarly benefit from community 
participation, providing an additional water source and enhancing resilience to climate variability. 
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7.2.4. Example 4: Participatory Groundwater Management in Andhra Pradesh, India 

Overview: In Andhra Pradesh, India, participatory groundwater management projects have involved local communities 
in monitoring and managing groundwater resources. This includes measuring water levels, understanding aquifer 
dynamics, and implementing water-saving practices. 

Application and Analysis: The success of these projects is attributed to the empowerment of communities through 
capacity building and the use of simple monitoring tools. By involving the community in data collection and analysis, 
the initiatives have improved understanding of groundwater resources and promoted sustainable water use (Reddy et 
al., 2019). This approach has led to increased water availability and reduced over-extraction of groundwater. In the 
Rohingya camps, similar participatory groundwater management can enhance water security and ensure sustainable 
use of groundwater resources. 

These examples of successful community-based water initiatives highlight the importance of community involvement 
in sustainable water resource management. By fostering local ownership, leveraging traditional knowledge, and 
promoting participatory decision-making, these initiatives have achieved significant improvements in water 
management and sustainability. Applying similar community-based approaches in the Rohingya refugee camps can 
enhance the effectiveness and sustainability of water resource planning, particularly in the context of climate change. 

7.3. Training and capacity-building programs for local residents. 

Training and capacity-building programs for local residents are fundamental components of community-based 
approaches to sustainable water resource management. In the context of the Rohingya refugee camps in Bangladesh, 
these programs can empower residents with the knowledge and skills necessary to manage water resources effectively 
and sustainably. This section discusses the importance of training and capacity-building programs and analyzes their 
impact on water resource management in the refugee camps. 

7.3.1. Enhancing Technical Skills and Knowledge 

Concept: Training programs aim to enhance the technical skills and knowledge of local residents, enabling them to 
manage water infrastructure and resources efficiently. 

Application and Analysis: In the Rohingya camps, providing technical training on the operation and maintenance of 
water systems, such as pumps, filtration units, and storage tanks, can ensure that these systems function effectively and 
sustainably. For instance, training community members in basic plumbing skills can help address leaks and other issues 
promptly, preventing water wastage (IOM, 2019). Additionally, educating residents about water quality testing and 
treatment methods can help ensure the provision of safe drinking water, reducing the risk of waterborne diseases. 

7.3.2. Promoting Sustainable Water Use Practices 

Concept: Capacity-building programs promote sustainable water use practices by educating residents about the 
importance of water conservation and efficient usage. 

Application and Analysis: In the refugee camps, capacity-building programs can focus on promoting water-saving 
practices, such as using low-flow fixtures, repairing leaks, and adopting water-efficient gardening techniques. These 
programs can also raise awareness about the impacts of climate change on water resources and the need for sustainable 
water management (UNHCR, 2020). By fostering a culture of water conservation, these initiatives can reduce water 
demand and enhance the sustainability of water resources. 

7.3.3. Building Community Leadership and Involvement 

Concept: Training and capacity-building programs can develop community leadership and foster greater involvement 
in water management decision-making processes. 

Application and Analysis: Leadership training programs can empower residents to take active roles in managing water 
resources and infrastructure. For example, establishing local water committees with trained community leaders can 
facilitate participatory decision-making and ensure that the needs and concerns of all community members are 
addressed (UNICEF, 2018). This inclusive approach can enhance the effectiveness and acceptance of water management 
strategies, as decisions are made collaboratively and reflect the community's priorities. 
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7.3.4. Strengthening Emergency Preparedness and Response 

Concept: Capacity-building programs can strengthen the community's ability to prepare for and respond to water-
related emergencies, such as floods, droughts, and contamination incidents. 

Application and Analysis: Training programs that focus on emergency preparedness and response can equip residents 
with the skills and knowledge needed to manage water resources during crises. For instance, training on the 
construction and use of emergency water storage facilities, such as rainwater harvesting systems and temporary tanks, 
can ensure a reliable water supply during emergencies (WHO, 2017). Additionally, educating residents about 
emergency water treatment methods, such as chlorination and filtration, can help maintain water quality during and 
after disasters. 

7.3.5. Facilitating Continuous Learning and Adaptation 

Concept: Capacity-building programs should facilitate continuous learning and adaptation to ensure that residents can 
keep up with new technologies, practices, and challenges in water management. 

Application and Analysis: In the Rohingya camps, ongoing training and capacity-building initiatives can ensure that 
residents stay informed about the latest developments in water management and climate change adaptation. This can 
include workshops, seminars, and practical training sessions that provide opportunities for continuous learning and 
skill development (IFRC, 2019). By fostering a culture of continuous improvement and adaptation, these programs can 
enhance the resilience and sustainability of water resource management practices. 

Training and capacity-building programs for local residents are essential for the sustainable management of water 
resources in the Rohingya refugee camps. By enhancing technical skills, promoting sustainable water use practices, 
building community leadership, strengthening emergency preparedness, and facilitating continuous learning, these 
programs can empower residents to manage water resources effectively and sustainably. Incorporating these 
community-based approaches into water resource planning can enhance resilience and ensure the long-term 
sustainability of water supplies in the face of climate change. 

8. Policy and Institutional Framework 

8.1. Analysis of current policies governing water resources in refugee camps. 

Effective water resource management in refugee camps requires robust policies and institutional frameworks that 
address the unique challenges faced by these vulnerable populations. This section provides an analysis of the current 
policies governing water resources in refugee camps, with a specific focus on their application to the Rohingya refugee 
camps in Bangladesh. It highlights key policy areas, evaluates their effectiveness, and identifies gaps and opportunities 
for improvement. 

8.1.1. International Frameworks and Guidelines 

United Nations High Commissioner for Refugees (UNHCR) 

The UNHCR provides comprehensive guidelines and frameworks for water, sanitation, and hygiene (WASH) in refugee 
settings. The "UNHCR WASH Manual for Refugee Settings" outlines standards and best practices for ensuring access to 
safe and sufficient water, adequate sanitation, and hygiene promotion (UNHCR, 2020). These guidelines emphasize the 
importance of community involvement, sustainable resource management, and resilience to climate change. 

Evaluation and Analysis: While the UNHCR guidelines provide a solid foundation for water resource management, their 
implementation can be challenging due to resource constraints, logistical difficulties, and varying levels of compliance. 
In the Rohingya camps, the guidelines have been instrumental in improving water access and quality, but there are still 
significant gaps in infrastructure, maintenance, and community engagement. 

Sphere Standards 

The Sphere Standards, developed by the Sphere Project, set minimum standards for humanitarian response, including 
WASH. These standards provide benchmarks for ensuring that water supply systems are sufficient, accessible, and safe 
(Sphere Association, 2018). 
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Evaluation and Analysis: The Sphere Standards are widely recognized and adopted in humanitarian contexts, including 
the Rohingya camps. However, adherence to these standards can be inconsistent due to the complex and dynamic nature 
of refugee settings. Ensuring compliance requires continuous monitoring, capacity-building, and adaptive management. 

8.1.2. National Policies and Regulations 

Bangladesh National Strategy for Water Supply and Sanitation 

The Government of Bangladesh has established a national strategy for water supply and sanitation, which includes 
provisions for emergency response and support for refugee populations. This strategy aims to ensure universal access 
to safe drinking water and improved sanitation facilities (Government of Bangladesh, 2014). 

Evaluation and Analysis: The national strategy provides a framework for integrating refugee water management into 
broader national efforts. However, the implementation of this strategy in the Rohingya camps faces challenges due to 
limited resources, coordination issues, and the sheer scale of the refugee population. Strengthening collaboration 
between national authorities, humanitarian organizations, and the refugee community is essential for effective 
implementation. 

8.1.3. Institutional Arrangements 

Coordination Mechanisms 

Effective coordination among various stakeholders, including governmental agencies, international organizations, non-
governmental organizations (NGOs), and the refugee community, is crucial for managing water resources in refugee 
camps. Coordination mechanisms, such as the WASH sector working group, facilitate information sharing, joint 
planning, and resource mobilization. 

Evaluation and Analysis: While coordination mechanisms have improved collaboration and resource allocation, there 
are still gaps in communication, data sharing, and integrated planning. Enhancing the efficiency of these mechanisms 
requires stronger institutional support, clear roles and responsibilities, and continuous capacity-building efforts (IOM, 
2019). 

8.1.4. Community-Based Management 

Community-based water management approaches involve actively engaging the refugee community in the planning, 
implementation, and maintenance of water systems. This approach is supported by both international guidelines and 
national policies. 

Evaluation and Analysis: Community-based management has shown promise in enhancing the sustainability and 
effectiveness of water systems in the Rohingya camps. However, its success depends on the level of community 
engagement, capacity-building, and continuous support from external agencies. Ensuring the participation of 
marginalized groups, such as women and children, is also critical for the inclusiveness and equity of these initiatives 
(UNICEF, 2018). 

8.1.5. Gaps and Opportunities for Improvement 

Policy Gaps 

Despite the existence of comprehensive guidelines and policies, there are still gaps in addressing the specific needs of 
refugee camps. These include the lack of tailored strategies for climate resilience, insufficient funding for infrastructure 
development, and limited mechanisms for monitoring and enforcement. 

Opportunities for Improvement 

 Enhanced Climate Resilience: Developing and implementing climate-resilient water management strategies 
that specifically address the vulnerabilities of refugee camps. 

 Increased Funding and Resources: Mobilizing additional resources to support infrastructure development, 
maintenance, and capacity-building. 

 Strengthened Monitoring and Evaluation: Establishing robust monitoring and evaluation frameworks to ensure 
compliance with standards and continuous improvement. 
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 Inclusive Participation: Promoting the active involvement of all community members, including marginalized 
groups, in water management decision-making processes. 

The current policies governing water resources in refugee camps provide a solid foundation for sustainable water 
management. However, their effectiveness in the Rohingya camps is limited by resource constraints, coordination 
challenges, and implementation gaps. Addressing these issues through enhanced climate resilience, increased funding, 
strengthened monitoring, and inclusive participation can significantly improve water resource management and ensure 
the sustainability of water supplies in the context of climate change. 

8.2. Recommendations for policy improvements to support sustainable water management 

Effective policy and institutional frameworks are crucial for sustainable water management in refugee camps, especially 
in the context of climate change. This section provides recommendations for policy improvements to enhance water 
resource management in the Rohingya refugee camps in Bangladesh. These recommendations aim to address existing 
gaps, promote climate resilience, and ensure sustainable water management practices. 

8.2.1. Recommendation 1: Integrate Climate Resilience into Water Management Policies 

Recommendation: Policies should explicitly incorporate climate resilience strategies to address the vulnerabilities of 
water resources to climate change. 

Analysis: Integrating climate resilience into water management policies can ensure that water infrastructure and 
management practices are designed to withstand extreme weather events and long-term climate variability. This 
includes promoting the use of climate-resilient technologies, such as rainwater harvesting systems and solar-powered 
water pumps, and ensuring that water infrastructure is built to resist flooding and other climate impacts (IPCC, 2018). 
Policies should also support the development of climate risk assessments and adaptation plans specific to the needs of 
refugee camps. 

8.2.2. Recommendation 2: Enhance Funding and Resource Allocation 

Recommendation: Increase funding and resources dedicated to water infrastructure development, maintenance, and 
capacity-building in refugee camps. 

Analysis: Adequate funding is essential to develop and maintain resilient water infrastructure. Policies should prioritize 
the allocation of resources for constructing and upgrading water supply systems, such as drilling new wells, installing 
storage tanks, and developing advanced water treatment facilities (UNHCR, 2020). Additionally, funding should support 
ongoing maintenance and repair activities to ensure the longevity and functionality of water systems. Capacity-building 
programs should also be funded to train local residents and build their technical skills in water management. 

8.2.3. Recommendation 3: Strengthen Monitoring and Evaluation Frameworks 

Recommendation: Develop robust monitoring and evaluation frameworks to ensure compliance with water 
management standards and continuous improvement. 

Analysis: Effective monitoring and evaluation frameworks are crucial for tracking the performance of water 
management systems and identifying areas for improvement. Policies should establish clear guidelines for monitoring 
water quality, usage, and infrastructure conditions (WHO, 2017). Regular assessments and audits can help ensure that 
water systems meet established standards and provide reliable data for informed decision-making. Additionally, 
policies should support the use of digital technologies, such as remote sensing and real-time monitoring, to enhance the 
accuracy and efficiency of data collection and analysis. 

8.2.4. Recommendation 4: Promote Inclusive and Participatory Decision-Making 

Recommendation: Ensure that all community members, including women, children, and marginalized groups, are 
actively involved in water management decision-making processes. 

Analysis: Inclusive and participatory decision-making is essential for the success and sustainability of water 
management initiatives. Policies should mandate the establishment of community-based water management 
committees that include representatives from all segments of the population (UNICEF, 2018). These committees should 
be empowered to participate in planning, implementing, and monitoring water projects. By fostering a sense of 
ownership and responsibility, inclusive participation can lead to more effective and equitable water management 
practices. 
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8.2.5. Recommendation 5: Foster Coordination and Collaboration Among Stakeholders 

Recommendation: Strengthen coordination and collaboration among governmental agencies, international 
organizations, non-governmental organizations (NGOs), and the refugee community. 

Analysis: Effective coordination among stakeholders is critical for efficient water resource management. Policies should 
establish formal coordination mechanisms, such as inter-agency working groups and joint task forces, to facilitate 
information sharing, joint planning, and resource mobilization (IOM, 2019). These mechanisms should ensure that all 
stakeholders are aligned in their efforts to manage water resources and that their activities are complementary. 
Enhanced collaboration can lead to more integrated and holistic approaches to water management. 

8.2.6. Recommendation 6: Implement Sustainable Water Use Practices 

Recommendation: Promote sustainable water use practices through education, awareness campaigns, and incentives. 

Analysis: Encouraging sustainable water use practices can reduce water demand and enhance the sustainability of 
water resources. Policies should support education and awareness campaigns that inform the community about water 
conservation techniques, such as fixing leaks, using low-flow fixtures, and practicing water-efficient gardening (Sphere 
Association, 2018). Additionally, policies can provide incentives for households and businesses that adopt sustainable 
water practices, such as subsidies for installing rainwater harvesting systems or water-efficient appliances. 

Improving policies to support sustainable water management in the Rohingya refugee camps requires a multifaceted 
approach that integrates climate resilience, enhances funding and resources, strengthens monitoring and evaluation, 
promotes inclusive decision-making, fosters coordination among stakeholders, and encourages sustainable water use 
practices. By implementing these recommendations, policymakers can ensure the long-term sustainability and 
resilience of water resources in the face of climate change. 

8.3. Role of international organizations, NGOs, and the government. 

Effective water resource management in the Rohingya refugee camps requires coordinated efforts from various 
stakeholders, including international organizations, non-governmental organizations (NGOs), and the government. 
Each of these actors plays a critical role in ensuring the sustainability and resilience of water resources in the context 
of climate change. This section discusses the specific roles and contributions of these stakeholders, highlighting their 
importance in the policy and institutional framework for sustainable water management. 

8.3.1. Role of International Organizations 

United Nations High Commissioner for Refugees (UNHCR) 

The UNHCR is the leading international agency responsible for coordinating humanitarian response in refugee settings, 
including water, sanitation, and hygiene (WASH) services. UNHCR provides technical guidance, funding, and logistical 
support to ensure refugees have access to safe and sufficient water. 

Analysis: UNHCR’s role is crucial in setting standards and ensuring compliance with international guidelines. Their 
involvement in the Rohingya camps includes the development and implementation of WASH programs, capacity-
building initiatives, and monitoring and evaluation of water systems (UNHCR, 2020). UNHCR’s expertise and resources 
help bridge gaps in local capacity and ensure a coordinated response to water-related challenges. 

United Nations Children's Fund (UNICEF) 

UNICEF focuses on the health and well-being of children and mothers, including providing clean water and sanitation. 
In refugee settings, UNICEF works to ensure that children have access to safe drinking water and hygiene facilities, 
which are essential for their health and development. 

Analysis: UNICEF’s programs in the Rohingya camps include the construction of water infrastructure, hygiene 
promotion campaigns, and training for local residents on water management practices (UNICEF, 2018). Their efforts 
help reduce the risk of waterborne diseases and improve overall community health, particularly among vulnerable 
populations. 
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World Health Organization (WHO) 

WHO sets global health standards and provides technical support to improve water quality and sanitation. In refugee 
camps, WHO collaborates with other agencies to monitor water quality and respond to public health emergencies. 

Analysis: WHO’s role in the Rohingya camps involves conducting water quality assessments, providing guidelines for 
safe water practices, and supporting disease surveillance systems (WHO, 2017). Their expertise ensures that water 
management practices meet health standards and protect public health. 

8.3.2. Role of Non-Governmental Organizations (NGOs) 

International Federation of Red Cross and Red Crescent Societies (IFRC) 

The IFRC provides humanitarian assistance, including WASH services, in disaster and refugee settings. Their work 
involves the provision of emergency water supplies, construction of water and sanitation infrastructure, and community 
education programs. 

Analysis: The IFRC’s initiatives in the Rohingya camps focus on both immediate relief and long-term sustainability. They 
implement community-based water management programs that empower refugees to manage and maintain their water 
systems (IFRC, 2019). The IFRC’s involvement enhances community resilience and ensures the sustainability of water 
resources. 

Médecins Sans Frontières (MSF) 

MSF, also known as Doctors Without Borders, provides medical assistance and essential services, including water and 
sanitation, in crisis situations. In refugee camps, MSF ensures access to clean water and sanitation facilities to prevent 
disease outbreaks. 

Analysis: MSF’s work in the Rohingya camps includes the installation of water supply systems, latrines, and hygiene 
promotion activities (MSF, 2018). Their medical expertise and focus on public health complement the broader efforts 
of other organizations in ensuring safe and sufficient water access. 

8.3.3. Role of the Government 

Government of Bangladesh 

The Government of Bangladesh plays a key role in coordinating the national response to the refugee crisis, including 
water resource management. The government works with international organizations and NGOs to implement water 
and sanitation projects and ensure compliance with national policies and regulations. 

Analysis: The government’s involvement includes providing land and infrastructure for water projects, facilitating 
access to resources, and ensuring that water management practices align with national standards (Government of 
Bangladesh, 2014). The government’s regulatory role ensures that water resources are managed sustainably and that 
the needs of both refugees and host communities are met. 

8.3.4. Local Authorities 

Local authorities are responsible for the day-to-day management of water resources and services in the refugee camps. 
They coordinate with international organizations, NGOs, and community leaders to implement water management 
plans and address challenges as they arise. 

Analysis: Local authorities in the Rohingya camps play a crucial role in monitoring water systems, responding to 
emergencies, and facilitating community engagement in water management (IOM, 2019). Their proximity to the refugee 
population allows for timely and effective interventions. 

The roles of international organizations, NGOs, and the government are critical in ensuring the sustainable management 
of water resources in the Rohingya refugee camps. Each stakeholder contributes unique expertise, resources, and 
capacities that are essential for addressing the complex challenges of water management in this context. By working 
together, these actors can ensure that water resource planning is resilient, inclusive, and sustainable, thereby enhancing 
the overall well-being of the refugee population. 
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9. Case Studies and Best Practices 

9.1. Detailed examination of successful sustainable water resource projects in other refugee settings. 

Examining successful sustainable water resource projects in other refugee settings provides valuable insights and 
lessons that can be applied to the Rohingya refugee camps in Bangladesh. This section presents detailed case studies of 
successful projects, highlighting best practices and their impact on water resource management in challenging 
environments. 

9.1.1. Case Study 1: Zaatari Refugee Camp, Jordan 

Project Overview 

The Zaatari Refugee Camp in Jordan, one of the largest refugee camps in the world, has implemented several innovative 
water resource management projects to ensure sustainable water supply and sanitation for its residents. The camp, 
which hosts over 76,000 Syrian refugees, has faced significant challenges related to water scarcity and quality (UNICEF, 
2017). 

Best Practices and Impact 

 Water Network Rehabilitation: A comprehensive rehabilitation of the camp's water network was undertaken, 
including the installation of new pipelines, water tanks, and distribution points. This project reduced water 
losses, improved water quality, and ensured a more reliable water supply for all residents (UNHCR, 2020). 

 Solar-Powered Water Pumps: The installation of solar-powered water pumps has been a game-changer in 
Zaatari. These pumps utilize renewable energy to extract and distribute water, reducing operational costs and 
environmental impact. The use of solar energy also ensures a continuous water supply, even during power 
outages (IOM, 2018). 

 Community Engagement: The project emphasized the involvement of the refugee community in water 
management. Training programs were conducted to educate residents on water conservation practices and the 
maintenance of water infrastructure. Community-based water committees were established to oversee water 
distribution and address issues promptly (UNICEF, 2017). 

Analysis: The success of water resource management in Zaatari can be attributed to the integration of advanced 
technologies, such as solar-powered pumps, and strong community engagement. These practices have enhanced water 
availability, reduced operational costs, and promoted sustainable water use. 

9.1.2. Case Study 2: Dadaab Refugee Complex, Kenya 

Project Overview 

The Dadaab Refugee Complex in Kenya, home to over 200,000 refugees mainly from Somalia, has faced persistent water 
shortages and sanitation challenges. To address these issues, several sustainable water resource projects have been 
implemented, focusing on both immediate relief and long-term sustainability (Oxfam, 2016). 

Best Practices and Impact 

 Groundwater Exploration and Management: Extensive groundwater exploration was conducted to identify and 
develop new water sources. This included drilling new boreholes and equipping them with submersible pumps. 
Regular monitoring and management of groundwater levels ensured sustainable extraction rates (UNHCR, 
2018). 

 Rainwater Harvesting: Rainwater harvesting systems were installed to capture and store rainwater during the 
rainy season. These systems provided an additional water source, reducing dependency on groundwater and 
improving water availability during dry periods (Oxfam, 2016). 

 Water, Sanitation, and Hygiene (WASH) Training: Comprehensive WASH training programs were conducted to 
educate refugees on water conservation, hygiene practices, and the maintenance of water infrastructure. These 
programs included community-led initiatives to promote behavioral change and ensure the proper use of water 
facilities (IFRC, 2017). 

Analysis: The combination of groundwater management, rainwater harvesting, and extensive WASH training has 
significantly improved water security in the Dadaab complex. These initiatives have ensured a more sustainable water 
supply and enhanced the health and well-being of the refugee population. 
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9.1.3. Case Study 3: Bidibidi Refugee Settlement, Uganda 

Project Overview 

Bidibidi Refugee Settlement in Uganda is one of the largest refugee settlements in the world, hosting over 230,000 South 
Sudanese refugees. The settlement has implemented several sustainable water resource projects to address water 
scarcity and improve sanitation (United Nations Development Programme [UNDP], 2019). 

Best Practices and Impact 

 Integrated Water Resource Management (IWRM): An IWRM approach was adopted to manage water resources 
holistically. This included the development of water catchment areas, the construction of water storage 
facilities, and the implementation of water conservation practices. The approach ensured the sustainable use 
of water resources and improved coordination among stakeholders (UNDP, 2019). 

 Borehole Rehabilitation and Solarization: Existing boreholes were rehabilitated and equipped with solar-
powered pumps. This not only increased water extraction capacity but also reduced operational costs and 
environmental impact. The use of solar energy ensured a reliable water supply, even during power shortages 
(IOM, 2019). 

 Community-Based Water Committees: Community-based water committees were established to manage water 
distribution and infrastructure maintenance. These committees received training on water management 
practices, conflict resolution, and the importance of water conservation. Their involvement enhanced the 
sustainability of water systems and ensured equitable water distribution (UNHCR, 2019). 

Analysis: The successful implementation of IWRM, borehole rehabilitation with solarization, and community-based 
management has significantly improved water resource management in Bidibidi. These best practices have ensured a 
sustainable and reliable water supply, improved community health, and promoted environmental conservation. 

The case studies of Zaatari Refugee Camp, Dadaab Refugee Complex, and Bidibidi Refugee Settlement highlight 
successful sustainable water resource projects in refugee settings. Key best practices include the use of advanced 
technologies, such as solar-powered pumps, comprehensive WASH training, integrated water resource management, 
and strong community engagement. These examples provide valuable lessons for improving water resource 
management in the Rohingya refugee camps, ensuring sustainability, resilience, and improved quality of life for the 
refugee population. 

9.2. Lessons learned and applicability to the Rohingya context. 

Drawing lessons from successful water resource management projects in other refugee settings can provide valuable 
insights for improving water management in the Rohingya refugee camps. This section synthesizes key lessons learned 
from the case studies of Zaatari Refugee Camp in Jordan, Dadaab Refugee Complex in Kenya, and Bidibidi Refugee 
Settlement in Uganda, and discusses their applicability to the Rohingya context. 

9.2.1. Lesson 1: Integration of Advanced Technologies 

Lesson Learned: The use of advanced technologies, such as solar-powered water pumps and real-time monitoring 
systems, significantly enhances the reliability and sustainability of water supply systems. 

Applicability to Rohingya Context: The Rohingya camps can benefit from the integration of solar-powered water pumps 
to reduce reliance on fossil fuels and ensure a continuous water supply, even during power outages. Real-time 
monitoring systems can help detect leaks, optimize water distribution, and manage water resources more efficiently 
(IOM, 2018). 

Implementation Example: Installing solar-powered pumps in strategic locations within the camps can harness the 
abundant solar energy available in the region, reducing operational costs and environmental impact. Additionally, 
deploying remote sensing technologies can enhance the monitoring of water quality and usage, ensuring timely 
interventions and maintenance (UNHCR, 2020). 

9.2.2. Lesson 2: Emphasis on Community Engagement 

Lesson Learned: Strong community engagement and participation in water management foster a sense of ownership 
and responsibility among refugees, leading to better maintenance and sustainability of water systems. 
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Applicability to Rohingya Context: Establishing community-based water management committees in the Rohingya 
camps can empower residents to take active roles in managing water resources. Training programs that educate 
community members on water conservation, hygiene practices, and infrastructure maintenance can enhance local 
capacity and resilience (UNICEF, 2017). 

Implementation Example: Forming water committees that include representatives from all segments of the community, 
including women and marginalized groups, can ensure inclusive and participatory decision-making. These committees 
can oversee the operation and maintenance of water infrastructure, organize community clean-up campaigns, and 
promote water-saving practices (Oxfam, 2016). 

9.2.3. Lesson 3: Holistic Water Resource Management 

Lesson Learned: Adopting an integrated water resource management (IWRM) approach that considers all aspects of 
water use, including supply, demand, and environmental impacts, ensures the sustainable management of water 
resources. 

Applicability to Rohingya Context: Implementing an IWRM approach in the Rohingya camps can help balance the needs 
of the refugee population with the protection of local water resources. This includes developing water catchment areas, 
enhancing groundwater recharge, and promoting sustainable water use practices (United Nations Development 
Programme [UNDP], 2019). 

Implementation Example: Conducting comprehensive water resource assessments to identify potential water sources 
and their capacities can inform the development of sustainable extraction and usage plans. Integrating rainwater 
harvesting systems can provide an additional water source, reducing pressure on groundwater resources and 
enhancing overall water security (UNHCR, 2018). 

9.2.4. Lesson 4: Focus on Capacity Building 

Lesson Learned: Capacity-building programs that equip refugees with the knowledge and skills needed for effective 
water management are crucial for the long-term sustainability of water systems. 

Applicability to Rohingya Context: Developing tailored capacity-building programs for the Rohingya refugees can 
improve their ability to manage and maintain water infrastructure. These programs should cover technical skills, such 
as plumbing and water quality testing, as well as soft skills, such as leadership and conflict resolution (IFRC, 2017). 

Implementation Example: Organizing regular training workshops and on-the-job training opportunities for refugees 
can build a skilled workforce capable of maintaining water infrastructure. Collaborating with local and international 
experts can enhance the quality and relevance of the training programs (UNHCR, 2019). 

9.2.5. Lesson 5: Building Climate Resilience 

Lesson Learned: Projects that incorporate climate resilience strategies, such as the use of resilient infrastructure and 
adaptation planning, can better withstand the impacts of climate change. 

Applicability to Rohingya Context: Enhancing the climate resilience of water infrastructure in the Rohingya camps is 
essential to cope with the increasing frequency of extreme weather events. This includes constructing flood-resistant 
water storage facilities, developing early warning systems, and implementing climate-resilient agricultural practices 
(IPCC, 2018). 

Implementation Example: Elevating water storage tanks and constructing robust drainage systems can protect water 
supplies from contamination during floods. Integrating climate data into water management plans can help anticipate 
and mitigate the impacts of climate variability, ensuring a reliable water supply even during extreme weather events 
(UNDP, 2019). 

The lessons learned from successful water resource management projects in other refugee settings provide a roadmap 
for improving water management in the Rohingya refugee camps. By integrating advanced technologies, emphasizing 
community engagement, adopting holistic water resource management, focusing on capacity building, and building 
climate resilience, it is possible to develop sustainable and resilient water systems that meet the needs of the refugee 
population in the context of climate change. 
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10. Recommendations 

10.1. Short-term and long-term strategies for sustainable water resource planning. 

Sustainable water resource planning in the Rohingya refugee camps is crucial to address the immediate needs of the 
population while ensuring long-term water security in the face of climate change. This section outlines short-term and 
long-term strategies to enhance water resource management, drawing on best practices and lessons learned from other 
refugee settings. 

10.1.1. Short-term Strategies 

Immediate Infrastructure Improvements 

 Recommendation: Repair and upgrade existing water infrastructure to ensure reliable and safe water supply. 
 Analysis: Immediate repairs to leaking pipelines, malfunctioning pumps, and damaged storage tanks can 

significantly improve water availability and quality. Upgrading infrastructure to be more resilient to extreme 
weather events, such as floods and storms, can prevent disruptions in water supply (UNHCR, 2020). 

 Implementation Example: Conduct a rapid assessment of existing water infrastructure to identify and prioritize 
areas requiring urgent repairs and upgrades. Mobilize resources and technical expertise to carry out these 
improvements swiftly. 

Emergency Water Supply Systems 

 Recommendation: Establish emergency water supply systems to ensure access to clean water during crises. 
 Analysis: Setting up temporary water storage tanks and mobile water treatment units can provide immediate 

relief during emergencies. These systems can be deployed quickly to areas with disrupted water supply, 
ensuring that refugees have continuous access to safe drinking water (IOM, 2019). 

 Implementation Example: Pre-position emergency water supply equipment, such as portable water tanks and 
purification units, at strategic locations within the camps. Train local response teams to deploy and operate 
these systems effectively during emergencies. 

Community Awareness and Education Campaigns 

 Recommendation: Implement community education campaigns to promote water conservation and hygiene 
practices. 

 Analysis: Raising awareness about the importance of water conservation and proper hygiene can reduce water 
demand and improve public health. Educational programs can inform residents about simple water-saving 
techniques and the benefits of using safe water practices (UNICEF, 2018). 

 Implementation Example: Launch awareness campaigns using various communication channels, such as 
community meetings, posters, and radio broadcasts. Collaborate with local leaders and community-based 
organizations to disseminate key messages and encourage behavior change. 

10.1.2. Long-term Strategies 

Integrated Water Resource Management (IWRM) 

 Recommendation: Develop and implement an integrated water resource management (IWRM) plan that 
considers all aspects of water use and environmental sustainability. 

 Analysis: An IWRM approach ensures the sustainable management of water resources by balancing the needs 
of different users and protecting the environment. This involves coordinated planning and management of 
water, land, and related resources (Global Water Partnership [GWP], 2000). 

 Implementation Example: Establish a multi-stakeholder working group to develop an IWRM plan for the 
Rohingya camps. The plan should include strategies for water conservation, pollution control, and the 
protection of natural water sources. Regularly review and update the plan to adapt to changing conditions. 

Climate Resilient Infrastructure Development 

 Recommendation: Invest in the construction of climate-resilient water infrastructure to ensure long-term water 
security. 
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 Analysis: Building infrastructure that can withstand extreme weather events and climate variability is essential 
for maintaining a reliable water supply. This includes constructing elevated water storage tanks, reinforced 
pipelines, and flood-resistant sanitation facilities (IPCC, 2018). 

 Implementation Example: Secure funding from international donors and development agencies to finance the 
construction of climate-resilient water infrastructure. Collaborate with engineering experts to design and 
implement these projects. 

Capacity Building and Training Programs 

 Recommendation: Develop comprehensive capacity building and training programs for local residents and 
water management staff. 

 Analysis: Enhancing the skills and knowledge of the local population and water management personnel is 
crucial for the sustainability of water systems. Training programs should cover technical aspects of water 
management, as well as leadership and conflict resolution skills (UNHCR, 2020). 

 Implementation Example: Partner with educational institutions and professional trainers to design and deliver 
training programs. Focus on hands-on training and practical exercises to build confidence and competence 
among participants. 

Diversification of Water Sources 

 Recommendation: Diversify water sources to reduce dependency on any single source and enhance overall 
water security. 

 Analysis: Utilizing multiple water sources, such as rainwater harvesting, groundwater recharge, and surface 
water, can mitigate the risks associated with reliance on a single water source. Diversification enhances 
resilience to droughts and other climatic events (FAO, 2020). 

 Implementation Example: Implement rainwater harvesting systems on community buildings and households 
to capture and store rainwater. Develop groundwater recharge projects to replenish aquifers and explore the 
use of treated surface water for non-potable uses. 

Strengthening Policy and Institutional Frameworks 

 Recommendation: Strengthen policy and institutional frameworks to support sustainable water management 
practices. 

 Analysis: Robust policies and institutions are essential for effective water resource management. This includes 
establishing clear regulations, promoting inter-agency collaboration, and ensuring adequate funding and 
oversight (WHO, 2017). 

 Implementation Example: Work with government agencies and international organizations to develop and 
enforce policies that promote sustainable water use. Establish a central coordinating body to oversee water 
management efforts and ensure alignment with national and international standards. 

Implementing these short-term and long-term strategies can significantly enhance the sustainability and resilience of 
water resource management in the Rohingya refugee camps. By addressing immediate needs and planning for future 
challenges, these strategies can ensure a reliable and safe water supply for the refugee population in the context of 
climate change. 

10.2. Specific actions for different stakeholders (government, NGOs, community leaders). 

The successful implementation of sustainable water resource planning in the Rohingya refugee camps requires 
coordinated actions from various stakeholders, including the government, non-governmental organizations (NGOs), 
and community leaders. This section outlines specific actions for each stakeholder group to enhance the sustainability 
and resilience of water resources in the context of climate change. 

10.2.1. Government 

Develop and Enforce Regulatory Frameworks 

 Action: Establish clear regulations and standards for water management in refugee camps, including water 
quality standards, extraction limits, and infrastructure requirements. 

 Analysis: A robust regulatory framework ensures that water management practices align with national and 
international standards, protecting both the refugees and the environment (WHO, 2017). 
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 Implementation Example: Collaborate with international bodies to draft comprehensive water management 
policies and ensure their enforcement through regular inspections and penalties for non-compliance. 

Facilitate Funding and Resource Allocation 

 Action: Allocate sufficient funding for water infrastructure projects and provide financial support to NGOs and 
community initiatives. 

 Analysis: Adequate funding is essential for the construction, maintenance, and upgrade of water infrastructure, 
as well as for capacity-building programs (IPCC, 2018). 

 Implementation Example: Establish a dedicated fund for water resource management in refugee camps and 
streamline the funding application process for NGOs and community projects. 

Promote Inter-Agency Collaboration 

 Action: Establish a central coordinating body to oversee water management efforts and facilitate collaboration 
among different agencies and stakeholders. 

 Analysis: Effective coordination ensures that all efforts are aligned and resources are utilized efficiently, 
avoiding duplication and gaps in service delivery (IOM, 2019). 

 Implementation Example: Create a task force comprising representatives from various government 
departments, NGOs, and international organizations to coordinate water management activities and share best 
practices. 

10.2.2. NGOs 

Implement Sustainable Water Projects 

 Action: Design and implement projects that incorporate sustainable water management practices, such as 
rainwater harvesting, solar-powered water pumps, and community-led water management. 

 Analysis: Sustainable projects not only address immediate water needs but also build resilience against climate 
change impacts (UNHCR, 2020). 

 Implementation Example: Partner with local communities to install rainwater harvesting systems and train 
residents on their maintenance and use. 

Provide Technical and Capacity-Building Support 

 Action: Offer training programs and technical assistance to enhance the skills and knowledge of local residents 
and water management personnel. 

 Analysis: Capacity-building programs empower communities to manage water resources effectively and ensure 
the sustainability of water systems (UNICEF, 2018). 

 Implementation Example: Develop training modules on water conservation, hygiene practices, and 
infrastructure maintenance, and conduct workshops for community members. 

Conduct Monitoring and Evaluation 

 Action: Establish monitoring and evaluation frameworks to assess the impact of water projects and ensure 
continuous improvement. 

 Analysis: Regular monitoring helps identify issues early and allows for timely interventions to maintain the 
effectiveness of water management practices (Sphere Association, 2018). 

 Implementation Example: Use digital tools and community feedback mechanisms to monitor water usage and 
quality, and publish regular reports on project outcomes. 

10.2.3. Community Leaders 

Mobilize Community Participation 

 Action: Encourage active participation of community members in water management activities, including 
planning, implementation, and monitoring. 

 Analysis: Community involvement fosters a sense of ownership and responsibility, leading to better 
maintenance and sustainability of water systems (IFRC, 2019). 

 Implementation Example: Organize community meetings to discuss water issues and solutions, and form water 
management committees that include representatives from all segments of the community. 
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Advocate for Sustainable Practices 

 Action: Promote sustainable water use practices and raise awareness about the importance of water 
conservation and hygiene. 

 Analysis: Educating the community on sustainable practices helps reduce water demand and improve public 
health (UNHCR, 2020). 

 Implementation Example: Lead by example by adopting water-saving techniques in households and community 
facilities, and conduct awareness campaigns through local media and community events. 

Facilitate Conflict Resolution 

 Action: Address conflicts related to water access and usage through mediation and collaborative problem-
solving. 

 Analysis: Effective conflict resolution ensures equitable water distribution and prevents disputes from 
disrupting water management efforts (Oxfam, 2016). 

 Implementation Example: Train community leaders in conflict resolution techniques and establish a forum 
where residents can voice their concerns and work together to find solutions. 

The coordinated efforts of the government, NGOs, and community leaders are essential for sustainable water resource 
management in the Rohingya refugee camps. By developing robust policies, providing technical support, and fostering 
community engagement, these stakeholders can ensure the resilience and sustainability of water resources in the face 
of climate change. 

11. Conclusion 

11.1. Recap of key findings and the importance of sustainable water resource planning 

This paper has examined the critical aspects of sustainable water resource planning for the Rohingya refugee camps in 
Bangladesh, emphasizing the context of climate change. The analysis covered several important themes: 

 Current Climate-Related Water Issues: The camps face severe challenges such as flooding, drought, and 
contamination, which compromise water quality and availability. These issues underscore the need for robust 
water management strategies. 

 Principles of Sustainable Water Resource Management: Key principles include Integrated Water Resources 
Management (IWRM), water conservation, community involvement, and resilience to climate change. These 
principles provide a framework for developing effective water management practices. 

 Strategies for Improving Water Infrastructure and Supply Systems: Recommendations include implementing 
advanced water storage solutions, developing robust distribution networks, enhancing groundwater recharge, 
and utilizing alternative water sources. 

 Community-Based Approaches: The importance of involving the refugee community in water management was 
highlighted through examples of successful community-led initiatives and capacity-building programs. 
Community engagement fosters ownership, enhances sustainability, and improves the effectiveness of water 
management. 

 Policy and Institutional Frameworks: Analysis of current policies revealed gaps and opportunities for 
improvement. Recommendations include integrating climate resilience, enhancing funding, strengthening 
monitoring, and promoting inclusive participation and coordination among stakeholders. 

 Case Studies and Best Practices: Successful water projects in other refugee settings, such as Zaatari in Jordan, 
Dadaab in Kenya, and Bidibidi in Uganda, provided valuable lessons. These included the use of advanced 
technologies, community engagement, holistic water management, and capacity building. 

 Recommendations for Different Stakeholders: Specific actions for the government, NGOs, and community 
leaders were identified to enhance sustainable water management. These actions include developing regulatory 
frameworks, implementing sustainable projects, and mobilizing community participation. 

11.1.1. Importance of Sustainable Water Resource Planning 

Sustainable water resource planning is crucial for ensuring the long-term availability and quality of water in the 
Rohingya refugee camps. This planning is essential for several reasons: 
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 Climate Resilience: Effective water resource planning helps build resilience against the adverse impacts of 
climate change, such as extreme weather events and prolonged dry periods. By adopting climate-resilient 
strategies, the camps can secure a reliable water supply despite changing climatic conditions (IPCC, 2018). 

 Health and Well-being: Access to clean and safe water is vital for the health and well-being of the refugee 
population. Proper water management reduces the risk of waterborne diseases and ensures that basic hygiene 
needs are met, contributing to overall public health. 

 Community Empowerment: Involving the refugee community in water management empowers residents, 
fosters a sense of ownership, and ensures that water resources are managed sustainably. Community-led 
initiatives are often more effective and sustainable in the long run . 

 Economic Efficiency: Sustainable water resource planning helps optimize the use of available resources, 
reducing wastage and operational costs. This efficiency is particularly important in resource-constrained 
settings like refugee camps. 

 Environmental Protection: Sustainable practices ensure that water extraction and use do not degrade the 
environment, preserving water sources for future generations. This is critical for maintaining the ecological 
balance and preventing resource depletion. 

Sustainable water resource planning is essential for addressing the immediate and long-term water needs of the 
Rohingya refugee camps in Bangladesh. By implementing the recommended strategies and involving all stakeholders, 
it is possible to build a resilient and sustainable water management system. This approach not only ensures the health 
and well-being of the refugee population but also protects the environment and enhances the overall resilience of the 
camps to climate change. 

11.2. Final thoughts on ensuring water security in the face of climate change for Rohingya refugees. 

Ensuring water security for the Rohingya refugees in Bangladesh amid the challenges posed by climate change is a 
complex but critical task. The findings and recommendations discussed in this paper highlight the importance of a 
multifaceted and integrated approach to water resource planning. The following final thoughts encapsulate the key 
elements necessary for achieving sustainable water security in the Rohingya refugee camps. 

11.2.1. Adopting a Comprehensive Approach 

Integrated Water Resource Management (IWRM): Implementing IWRM is essential to balance the various demands on 
water resources, ensuring that both the immediate and long-term needs of the refugee population are met. This 
approach promotes coordinated development and management of water, land, and related resources, maximizing 
economic and social welfare without compromising the sustainability of ecosystems. 

Climate Resilience: Building resilience to climate change involves enhancing the robustness of water infrastructure and 
adopting adaptive management practices. This includes the construction of flood-resistant and drought-resilient water 
systems, integration of climate data into water planning, and the development of early warning systems for extreme 
weather events. 

11.2.2. Empowering the Community 

Community Engagement and Capacity Building: Engaging the refugee community in water management decisions and 
operations ensures that solutions are culturally appropriate and sustainable. Capacity-building programs that provide 
technical training and education on water conservation and hygiene practices can empower the community to take 
ownership of water resources, leading to better maintenance and more sustainable usage. 

Inclusive Participation: Ensuring that all community members, including women, children, and marginalized groups, 
are involved in water management processes is crucial. Inclusive participation fosters a sense of ownership and 
responsibility, which is vital for the success and sustainability of water management initiatives. 

11.2.3. Strengthening Institutional and Policy Frameworks 

Robust Policies and Regulations: Developing and enforcing comprehensive water management policies and regulations 
can guide sustainable practices and ensure compliance with national and international standards. These policies should 
incorporate climate resilience, sustainable use of resources, and the protection of water quality. 

Effective Coordination and Collaboration: Strengthening coordination among various stakeholders, including 
government agencies, international organizations, NGOs, and the refugee community, is essential for efficient water 
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resource management. Collaborative efforts ensure that resources are utilized effectively and that initiatives are aligned 
and mutually reinforcing. 

11.2.4. Leveraging Technology and Innovation 

Advanced Technologies: Utilizing advanced technologies, such as solar-powered water pumps, real-time monitoring 
systems, and rainwater harvesting, can significantly enhance water resource management. These technologies improve 
efficiency, reduce environmental impact, and ensure a more reliable water supply. 

Sustainable Practices: Promoting and implementing sustainable water use practices, such as water-saving fixtures, 
efficient irrigation techniques, and wastewater recycling, can help conserve water resources and reduce overall 
demand. 

11.2.5. Ensuring Continuous Improvement 

Monitoring and Evaluation: Establishing robust monitoring and evaluation frameworks is crucial for tracking the 
performance of water management systems and identifying areas for improvement. Continuous assessment and 
adaptive management can ensure that water systems remain resilient and effective in the face of changing conditions. 

Research and Innovation: Investing in research and innovation to develop new technologies and practices for water 
management can provide long-term solutions to emerging challenges. Collaborative research involving academic 
institutions, government agencies, and NGOs can drive innovation and ensure the adoption of best practices. 

12. Conclusion 

Ensuring water security for the Rohingya refugees in the face of climate change requires a holistic and integrated 
approach that combines technical, social, and institutional strategies. By adopting comprehensive water resource 
management practices, empowering the community, strengthening policy frameworks, leveraging technology, and 
ensuring continuous improvement, it is possible to create a sustainable and resilient water management system. This 
will not only meet the current needs of the refugee population but also protect and sustain water resources for future 
generations. 
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