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Abstract 
 

Rainwater harvesting is a sustainable way to address the growing problem of groundwater shortage in crowded 

cities like Dhaka. The city relies heavily on groundwater whereas natural refilling is limited. With excessive 

dependence on groundwater and limited natural recharge, the city faces critical challenges in sustaining its aquifer 

systems. To resolve this problem, we study synthesizes key findings from successful implementations of various 

innovative Rainwater Harvesting techniques including recharge wells, rooftop harvesting, and GIS-based site 

assessment methods. Based on a wide range of regional and global case studies, this review will help to investigates 

the potential of rainwater harvesting (RWH) as a sustainable solution for groundwater recharge in Dhaka. Through 

comparative analysis, this paper identifies best practices, design considerations and barriers to effective 

implementation in urban contexts. Special attention is given to aligning RWH initiatives with Sustainable 

Development Goals and to their role in enhancing urban flood resilience, water quality and community awareness. 

The review aims to provide a consolidated knowledge base for urban planners, environmental engineers and 

policymakers offering practical guidance and policy insights for integrating Rainwater Harvesting systems into 

Dhaka’s water management framework. Ultimately, the study advocates for a strategic and inclusive approach to 

harnessing rainwater as a critical resource for the sustainable future of groundwater in urban Bangladesh.  
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1 Introduction 

 

Groundwater constitutes more than 98% of Earth's available freshwater resources, supplying over 70% of global 

irrigation water and 90% of consumptive water supply  and urban regions globally need it for industrial, irrigation, 

and drinking purpose (Sadeak et al., 2023). However, overuse of groundwater resources has resulted in significant 

depletion, threatening sustainability and water security in many areas. Due to population development, 

urbanization, and poor water management infrastructure; people of Dhaka city face serious groundwater problems. 

To reduce groundwater depletion, rainwater harvesting is must needed solution. By lowering stormwater runoff 

and related pollution, it lessens reliance on traditional water supply systems, especially in places with restricted 

access to municipal sources (Gould and Nissen-Petersen, 1999). Additionally, rainwater harvesting minimizes the 

need for water pumping and treatment which lowers energy consumption, and promotes groundwater recharge in 

over-exploited basins (Ward et al., 2012). It demonstrates promise for reducing water scarcity and pressure on 

traditional water reservoirs and with the right treatment it can even be used for drinking (Fewkes, 2000). 

Furthermore, the collected rainwater is typically clean and soft which makes it appropriate for non-potable 

applications like cleansing and irrigation.  In this context, RWH not only enhances water availability but also 

contributes to energy efficiency by lowering the demand for water pumping and treatment.  Despite its potential, 

the integration of RWH for urban groundwater recharge in cities like Dhaka remains limited due to a lack of 

coordinated design frameworks, spatial planning strategies, and performance evaluation. Existing studies often 

examine isolated aspects such as filtration media or water quality but few propose a structured methodology and 

to address this gap, the present study synthesizes existing research on RWH system performance, focusing on 

water quality parameters, filtration media effectiveness, and recharge potential. Therefore, to guide systematic 

planning and implementation of RWH systems for groundwater recharge in urban environments it proposes a 

conceptual GIS-based flowchart building on these insights. Although the study does not involve primary field 

investigation, it consolidates secondary data and established methods to develop a replicable framework that future 

researchers and practitioners can adapt for local application. The following flowchart shows the demarcation of 

the GIS analysis that how it can be used to study groundwater levels locate recharge and discharge zones, analyze 

land use and soil types, and visualize changes over time in a particular area. Since no experimental work has been 

conducted in this study yet, no specific study area map is included here. However, the flowchart below has been 

developed to represent the general workflow of applying GIS for groundwater analysis which can be applied in 

Dhaka city for a particular area. 
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Figure 1. Flowchart illustrating the structured approach for GIS-based planning of RHS (Singh et al., 2017) 

2. Methodology  

 

A comprehensive literature search was performed utilizing various databases, case studies and technical reports to 

analyze and propose a flowchart for the design and implementation of rainwater harvesting systems which included 

a quality analysis based on data from reviewed studies, an evaluation of filtration efficiency and filter media 

performance, alignment with SDGs and the integration of GIS for site suitability assessment. The design and 

implementation of RWH systems for groundwater recharge in Dhaka require a structured approach and below is a 

proposed flowchart outlining the key steps: 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 2. Proposed flowchart of steps for rainwater harvesting in Dhaka City 

This flowchart can be effectively applied to Dhaka city to mitigate issues like urban flooding and ground water 

depletion. To find suitable areas for rainwater harvesting and groundwater recharge in an organized way this step- 

by- step approach can be really helpful as it combines field surveys, mapping, and simple technical assessments to 

design practical solutions that fit the city’s conditions. Dhaka can reduce flooding, improve groundwater storage, 

and move toward a more sustainable urban water management system by following this process.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Agricultural Water 

Demand 

Livestock Water Demand 

Domestic Water Demand 

Interpolation of Water Table 

Fluctuation Data by Kriging 

using ArcGIS Software 
Interpolation of Post-monsoon 

Water 

Table Data by Kriging 

using ArcGIS Software 

Groundwater Fluctuation Map Post-monsoon 

Groundwater Map 
Water Demand Map 

Weight Assignment to Each Thematic Layer and Its Features 

Development of Pairwise Comparison Matrix and 

Normalization of Weights by AHP Technique 

Integration of Thematic Layers in GIS 

and Computation of RWHDI 

Identification of Rainwater Harvesting Demand Zones 

and Generation of Rainwater Harvesting Demand Map 

Identify Urban Water Issues 

   - Urban flooding, Groundwater depletion 

 

Select Study Area 

   - Assess rainfall and urban infrastructure, 

Review municipal data and reports 

Identify Flood-Prone or Ponding Locations 

   - Field surveys 

   - GIS/elevation mapping and community feedback 

 

Estimate Rainwater Harvesting Potential 

   - Map ponding areas, Measure ponding depth, 

Calculate potential runoff volume 

 

Analyze Groundwater Balance 

   - Determine recharge vs. extraction rates 

   - Identify aquifer depletion trends 

 

Select Pilot Location for Recharge System 

   - Based on severity, accessibility, and feasibility 

Conduct Pre-Implementation Assessments 

   - Test existing groundwater and rainwater quality 

   - describe catchment area, estimate runoff using 
SCS-CN method 

 

Design and Install Recharge Structures 

   - Install silt trapper, filter media, recharge wells 

   - Ensure spacing and safety protocols 

 

Monitor Post-Implementation Performance 

 - Measure recharge rate, assess ponding clearance 

time and evaluate water quality after infiltration 

 

Recommendations and Scaling Up 

   - Suggest city-wide policy 

   - Integrate into urban planning frameworks 
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2.1 Perception of RWH system 

Rooftop Rainwater Harvesting (RWH) is rapidly emerging as a vital water management strategy across both arid 

and humid regions, not only for significantly cutting water costs but also for effectively mitigating urban flooding. 

Awareness of RWH, however, varies widely ranging from 30–62% across age groups, with the lowest awareness 

among individuals aged 21–40 (Huq et al., 2024). Rooftop rainwater collecting, which was once Jordan's main 

source of water, decreased since 97% of households had water supplied by pipes by 1991. However, there is an 

increase in interest in this sustainable technique due to limited water infrastructure and increasing climate 

variability (Abu-Zreig et al., 2019). Dhaka has spatially extended with an area of 1528 km2 as per DAP (2022) to 

meet the dwelling needs of middle-and high-income house-holds. BNBC (2020) enunciates the legal compliance 

and generalized details of urban rainwater management for both domestic use and GW recharge and the 

management of wastewater from urban structures and buildings in a city framework. However, every 

building/house to be constructed on land-use/plots having an extent of 300 m2 or above should have the facilities 

for conserving and harvesting rainwater 

 

 

2.2 Regulatory aspects of Rainwater Management 

Dhaka’s urban area now spans 1,528 km² as per DAP (2022) to meet the dwelling needs of middle-and high-

income house-holds. The Bangladesh National Building Code (BNBC, 2020) mandates that buildings on plots 

≥300 m² must include provisions for rainwater harvesting and conservation for both domestic use and GW recharge 

in a city framework aligning with national objectives for groundwater recharge and sustainable urban water 

management (Huq et al., 2024).  

 

3.  Result and Analysis 

 

The result of this study shows a comprehensive evaluation of rainwater quality, filtration capacity, and the 

synthesized findings reveal that the adoption of rainwater harvesting (RWH) systems for urban groundwater 

recharge in Dhaka has significant potential to mitigate water scarcity while reducing pressure on existing aquifers.  

 

3.1.  Rainwater Quality Analysis 

Recent study reveals that rainwater quality in urban areas often meets non-potable standards for domestic reuse 

but requires disinfection or secondary treatment to comply with WHO potable water guidelines. For instance, 

(Hussain et al., 2019) evaluated rainwater quality from a sample collected near the Gaddafi Stadium catchment 

area, demonstrating that key parameters such as pH, turbidity, and total dissolved solids were within acceptable 

limits for recharge and non-potable applications, though microbial concentrations exceeded WHO thresholds for 

direct consumption shown in table 1. Similar outcomes correspond closely with the social perspectives reported 

by (Huq et al., 2024), where 88% of respondents expressed support for utilizing harvested rainwater in non-potable 

household applications such as toilet flushing, gardening, and cleaning due to its perceived safety and practicality. 

The parallel between laboratory result’s of  (Hussain et al., 2019) and (Huq et al., 2024)’s social survey findings 

underscores the feasibility of integrating RWH systems into urban water management frameworks.  

 

Table 1. Rain Water Quality Test 

 

  

 

 

 

 

 

 

 

 

 

 

 

3.2 Rainwater Filtration Efficiency 

A study in the Ganga basin estimated monsoonal recharge of ~246 mm per monsoon season (≈32% of seasonal 

rainfall) in beneficial flood-plain settings, illustrating the potential magnitude of rainfall-derived recharge in high-

rainfall plains which also indicates that potentiality of annual recharge depending on rainfall intensity and soil 

permeability (Mondal and Ajaykumar, 2022). 

Parameter Result WHO Standard Within Limit 

pH 6.9 6.5–8.5  Yes 

TDS (mg/L) 58 < 1000  Yes 

Chloride (mg/L) 9 < 250 Yes 

Calcium (mg/L) 5 < 75  Yes 

Magnesium (mg/L) 1.6 < 50  Yes 

Hardness (mg/L) 20 < 500 Yes 

Nitrate (mg/L) 0.9 < 50  Yes 

Coliform Present Nil No 
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In Dhaka’s context, where annual rainfall exceeds 2000 mm and over 78% of water demand depends on 

groundwater extraction (DWASA, 2020), RWH could offset approximately 5–8% of total extraction if 

implemented at a community or institutional scale. However, challenges such as siltation, clogging, and 

inconsistent maintenance remain significant operational barriers. The study refers to the experimental findings of  

Parameter  (Hussain et al., 2019), who analyzed rainwater collected near the Gaddafi Stadium catchment area to 

evaluate the treatment and filtration performance essential for sustaining recharge quality . Their results, 

summarized in Table 2, illustrate the filtration efficiency of key parameters demonstrating the technical viability 

of rainwater pre-treatment prior to recharge applications. 

 

Table 2. Rainwater Filtration Efficiency by Parameter  (Hussain et al., 2019) 

 

Parameter Before Filter After Filter % Removal 

Total Suspended Solids (TSS) High Very Low     90–95% 

Total Hardness 20 mg/L  ~11 mg/L     45% 

Calcium 5 mg/L ~2.75 mg/L     45% 

Magnesium 1.6 mg/L ~0.88 mg/L     45% 

Coliform Bacteria Present Not Detected     100% removal 

 

3.3 Filters and Contamination Types 

Filtration efficiency largely determines harvested rainwater quality. First-flush diverters remove initial debris-

laden runoff, lowering turbidity and organic load. Screen filters eliminate coarse particles (>1 mm) with over 90 % 

efficiency. Sand–gravel filters, typical in recharge wells, reduce turbidity by 80–95 % and partially remove 

microbes, while activated-carbon filters remove organic matter and odor (70–85 %). Chlorination units 

ensure >99 % microbial removal but require careful dosing. Comparative results (Tables 3a–3c) show that mesh + 

first-flush systems (Abdulla and Al-Shareef, 2009) met WHO limits for most parameters; first-flush only setups 

(Farreny et al., 2011)offered moderate physical but limited microbial control; and no-filter systems (Handia et al., 

2003) failed to meet standards. Overall, combined filtration stages ensure water quality suitable for non-potable 

use or controlled recharge. 

 

Table 3(a). Checking the Water Quality parameters meet WHO standard using Cloth or mesh screen, first-flush 

system (Abdulla and Al-Shareef, 2009) 

 

Parameter WHO Standard Observed Range Average Meets Standard 

pH 6.5–8.5 7.1 – 8.6 7.4 Yes 

TDS (mg/L) < 500 76 – 681 270 Yes 

Hardness (mg/L) < 500 50 – 270 140 Yes 

Electrical Conductivity (µS/cm) < 1000 114 – 1017 403 Yes 

Fecal/Total Coliform (per 100 ml) 0 3 – 56 33 No 

 

Table 3(b). Checking the Water Quality parameters meet WHO standard using Only First flash (Farreny et al., 

2011) 

 

Parameter Mean ± S.E. WHO / EU Standard Meets Standard 

pH 7.59 ± 0.07 6.5 – 8.5  Yes 

Electrical Conductivity (EC) 85.0 ± 10.0 µS/cm < 2500 µS/cm (EU)  Yes 

Total Suspended Solids (TSS) 5.98 ± 0.95 mg/L No formal standard (guideline: <25)  Yes 

Total Organic Carbon (TOC) 11.6 ± 1.7 mg/L Not regulated (guideline <20)  Yes 

Ammonium (NH₄⁺) 0.50 ± 0.07 mg/L 0.5 mg/L  Borderline (24% 

exceeded) 

Nitrate (NO₃⁻) 1.75 ± 0.26 mg/L 50 mg/L  Yes 

Nitrite (NO₂⁻) 0.13 ± 0.05 mg/L 0.1 mg/L  No (18% exceeded) 

Phosphate (PO₄³⁻) 0.32 ± 0.14 mg/L Not regulated  Acceptable 

Sulfate (SO₄²⁻) 3.54 ± 0.39 mg/L 250 mg/L  Yes 

Chloride (Cl⁻) 8.86 ± 2.38 mg/L 250 mg/L  Yes 

Total Carbonates 0.63 ± 0.06 mmol/L Not regulated  Acceptable 
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Table 3(c). Checking the Water Quality parameters meet WHO standard using no filter media (Handia et al., 

2003) 

 

Parameter Tank A (Concrete) Tank B (Brick) WHO Guideline Meets WHO 

pH 7.3 7.0 6.5–8.5 Yes 

Total Dissolved Solids (mg/L) 12.6 8.50 1000 Yes 

Sulphates (mg/L) 1.66 1.69 250 Yes 

Turbidity (NTU) 0.42 0.56 5 Yes 

Lead (mg/L) <0.01 <0.01 0.01 Yes 

Zinc (mg/L) 0.62 0.67 3.0 Yes 

Chlorides (mg/L) 6.0 5.0 250 Yes 

Nitrates (mg/L) 5.11 4.15 10 Yes 

Total Coliform (#/100ml) 8 0 0 Tank A: No 

 Tank B: Yes 

Fecal Coliform (#/100ml) 7 0 0 Tank A: No 

 Tank B: Yes 

 

 

3.4 Alignment with Sustainable Development Goals (SDGs) 

  

(Huq et al., 2024) observed, public willingness to adopt RWH increases substantially when economic incentives, 

regulatory enforcement, and awareness programs are integrated. Therefore, the present review identifies specific 

SDG targets directly influenced by RWH implementation, linking each goal to reinforce the contribution of RWH 

to achieving Sustainable Development Goals (SDGs), particularly SDG 6 (Clean Water and Sanitation) and SDG 

11 (Sustainable Cities and Communities). Beyond water savings, RWH supports SDG 13 (Climate Action) through 

reduced energy consumption and adaptation to rainfall variability.  These interconnections summarized in Table 4 

demonstrate how properly managed RWH initiatives contribute to global sustainability agendas while addressing 

local water-security challenges. 

 

Table 4: Achieved Sustainable Development Goals (SDGs) Identified in This Study 

 

SDG Goal Goal Title How this Review supports 
SDG 6 

 

Clean Water and Sanitation - Enhances water availability through alternative 

supply. - Supports groundwater recharge. - 

Improves urban water quality and sanitation 

planning. 

SDG 11 

 

Sustainable Cities and Communities - Addresses urban water stress. - Promotes flood 

resilience via RWH. - Integrates RWH in city 

planning. 

SDG 13 

  

Climate Action - Supports adaptation strategies for climate-induced 

water scarcity. - Promotes nature-based solutions 

for water management. 

SDG 9 

 

Industry, Innovation and Infrastructure - Encourages innovative urban infrastructure like 

recharge wells and GIS-based RWH planning. 

SDG 12 

 

Responsible Consumption and Production - Promotes efficient use of water resources. - 

Encourages sustainable water consumption 

practices. 

 

 

4. Conclusion and Recommendation 

This study synthesizes existing research on rainwater harvesting (RWH) as a sustainable approach and consolidates 

global and local insights to demonstrate that rainwater harvesting is a practical and way to addressing groundwater 

depletion and urban water scarcity. Although this study is conceptual and based on secondary sources, but it 

integrates findings on water quality, filtration performance, and recharge feasibility, and proposes a GIS-based 

methodological framework that can guide empirical research and pilot implementations in Dhaka and other 

megacities with similar hydroclimatic conditions. The synthesized data reveal that RWH can effectively supply 
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non-potable water, enhance recharge, and reduce stormwater runoff. Although this study is conceptual and based 

on secondary sources, it presents a replicable GIS-based  

Nevertheless, several limitations remain as lack of standardized data on infiltration performance under local soil 

and roof conditions and absence of long-term monitoring of recharge systems. For future work, field-based 

validation of the proposed framework is essential. This should include pilot-scale recharge monitoring, GIS 

suitability mapping with high-resolution rainfall and soil datasets, socio-economic surveys on adoption potential, 

and development of municipal incentive policies for RWH compliance. 
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