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Abstract: The southwest coastal region of Bangladesh has experienced 

severe scarcity of freshwater caused by the salinity intrusion in aquifers and 

freshwater bodies as well as the reduced freshwater flows from upstream. In 

order to tackle this problem, rainwater harvesting system (RWHS) has been 

introduced in that part of Bangladesh as a supplementary source over 

existing water sources because it can be utilized as a potable water source. 

Therefore, the objective of this study is to assess the rainwater harvesting 

potential in the southwest coastal region of Bangladesh based on a simulation 

model and analyze its reliability throughout the year for drinking and other 

purposes among the inhabitants of the coastal areas. In the current study, 

Khulna and Satkhira districts in the southwest coastal region of Bangladesh 

have been selected. By analyzing the water balance model, it is found that a 

5kL tank is adequate for these two coastal districts investigated in the current 

study to meet the demand of 0.06kL/day. This tank size is capable of 

providing drinking water to a single household on almost 20% of the days of 

the year. This amount of harvested rainwater can reduce the dependence on 

the groundwater source by a reasonable amount. Furthermore, the cost 

analysis has been performed and it demonstrates the benefits of RWHS 

considering sustainability, cost, time and acceptance of people. It is expected 

that the outcomes of this study would be supportive for the adaptive water 

resources management in the southwest coastal region of Bangladesh.  

 

1. Introduction 

Bangladesh, being a country of South Asia, is bounded by the Bay of Bengal along the south 

boundary of the country. It is a tropical monsoon based country that receives high rainfall 

during the monsoon season all over the country. The country has three distinct seasons, namely 

the cool dry season lasting from November to February, the pre-monsoon hot season lasting 

from March to May, and the rainy monsoon season, which lasts from June to October. 

Rainwater harvesting (RWH) is a potential alternative water supply option in the country due to 

this seasonal high rainfall and suitable roof catchments in rural areas. In the low-lying coastal 
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areas around the world, saltwater intrusion is expected to worsen due to the ongoing climate 

change and its associated adverse impacts. In the southwest coastal region of Bangladesh, safe 

water supply is one of the most important environmental challenges for maintaining human 

health and achieving sustainable development. People rely on groundwater and/or surface water 

sources to meet their water demand in most parts of the country. However, in the coastal areas 

of Bangladesh, there is an increasing problem with shallow aquifers with excessive turbidity 

and salinity (Ahmed, 1999; Kamruzzaman and Ahmed, 2006). Thus, rainwater harvesting is 

being one of the feasible options for freshwater sources in the coastal areas of the country as 

rainfall in the coastal areas are much higher than the average rainfall. Hence, numerous 

initiatives and programs have been launched recently to promote and install rainwater 

harvesting system (RWHS) in both coastal and arsenic-affected areas of Bangladesh (Karim et 

al., 2015). RWH provides an independent and additional supply of freshwater during regional 

water restrictions and water scare areas. It is also frequently used to supplement the main supply 

in many developed countries. In Australia, New Zealand, and other water stressed countries, 

roof-collected tank rainwater is the primary source of untreated drinking and domestic water 

(Simmons et al., 2001; Imteaz et al., 2012; Karim et al., 2015). 

Population in Bangladesh has been dealing with many short-term and long-term water-borne 

diseases as arsenic and other microorganism related contamination of shallow aquifer water 

exceeds the acceptable limits in most areas. In the coastal areas, there is an increasing problem 

with shallow aquifers with higher turbidity and salinity. Arsenic contamination has reduced 

people's access to safe drinking water from 97% to 74%. (Ahmed and Ahmed, 2002) and 

arsenic levels in approximately 30 million people exceeded the Bangladesh standard of 50mg/L 

(Ahmed et al., 2005). People in the coastal region of Bangladesh began to use rainwater feed 

ponds and rainwater after facing these challenges, but not in a systematic manner. Rainwater 

collection can provide enough water to drink and daily household uses in the water scarce areas 

in Bangladesh (Karim, 2010; Imteaz et al., 2012). 

RWH has numerous benefits as a water resource development option, which gradually improves 

water quality available to households. RWH relies on and expands on local construction, water 

consumption, and rainfall patterns. RWH planning and construction, in conjunction with 

sanitation, can serve as a focal point for community-organized efforts. Reducing the scarcity of 

safe water in coastal areas of Bangladesh has recently been undertaken by several government 

and non-government initiatives (Ahmed et al., 2005; Karim, 2010). However, much works are 

yet to be done. Only a few studies on RWH have been conducted in the southwest coastal 

region of Bangladesh. This study is an attempt to fill this knowledge gap. Therefore, the main 

goal of the current study is to use rainwater to solve the problem of drinking water scarcity in 

the southwest coastal region of Bangladesh, taking into account rainfall intensity, community 

demand, and the viability of the proposed model. The other incorporated objectives of this study 

are the planning and designing of RWHS considering reliability and water savings obtained 

from a simulated model, and the evaluation of the financial viability of the RWHS in the 

southwest coastal region of Bangladesh.   

 

2. Materials and Methods 

2.1 Data collection and processing 

In the current study, two meteorological stations located in the southwest coastal region of 

Bangladesh, namely Khulna and Satkhira stations are selected to carry out the analysis and 

assessment of RWH potentials. The necessary rainfall data has been collected from the 
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Bangladesh Meteorological Department (BMD) for a period from 1948 to 2014. Based on the 

analysis of the collected rainfall data of selected stations, it is found that 80 days of total annual 

rainy days are present with an annual average rainfall of 1725.2mm in Khulna station whereas 

in Satkhira station, a total of 72 days of annual rainy days are available with an annual average 

rainfall of 1683.7mm.  

 

2.2 Water balance simulation model 

Catchment area, tank size, household size and water usage are the main resource properties that 

have been used to develop a simulation model in the current study to calculate the RWH 

potentials, reliability of the RWHS and water saving potentials. The value range of catchment 

area, being computed from the roof area, is kept within 50m
2
, 100m

2
 and 150m

2
, respectively. 

This is justified by the fact that the average roof size varies between them in the southwest 

coastal regions of Bangladesh (Karim, 2010). Four storage tank sizes are considered in this 

study, which area 3kL, 5kL, 10kL, 20kL, respectively. The family size has been taken as 6 

members per household and the average daily water consumption for each individual is taken as 

10 liters or 0.01kL, resulting in a household demand of 60 liters per day or 0.06kL per day. The 

water balance simulation model is developed as the spreadsheet application in the Microsoft 

Excel platform. 

 

2.3 Analysis of simulation results 

The spreadsheet based water balance simulation model is implemented in the Microsoft Excel 

platform for different values of catchment areas and tank sizes. Then water savings and 

reliability for each of the tank sizes and catchment areas for both stations in the study area are 

calculated. Finally, based on the reliability percentage, the more preferable catchment area (or 

roof area) and storage tank sizes for RWH are identified.  

In the current study, several spreadsheets have been prepared for different sets of selected 

variables. After completing input data sheet, the calculation sheet has been used to determine 

the total water spills, total water savings, total no. of days, and total tank filled days. Some 

important formulations and logic have been used to determine the aforementioned attributes. At 

first, runoff is calculated by the rationale formula, Q = CIA, where Q is the peak runoff, C is the 

runoff coefficient based on the material used in the catchment area, I is the rainfall intensity and 

A is the area of the roof catchment. Runoff coefficient is taken 0.8 and first flush has been 

considered as 40L or 0.04kL (Karim et al., 2015). Total runoff is then calculated by considering 

runoff, runoff coefficient, and first flushes using the formulation: total runoff = (runoff x runoff 

coefficient) – first flush). The value of total runoff will be expressed in kL but the value will be 

0, if the result of the logic is less than 0. Next spill will be calculated by setting the logic 

expressed in Eq. (1). 

 

Spill = total runoff + storage level before usage – release – tank size    (1) 

 

Next, water savings, tank filled days are determined sequentially by using the corresponding 

conditions. Based on these calculated values, another sheet has been prepared to estimate the 

values of water savings and reliability of the RWHS. The reliability of RWHS (Basinger et al., 

2010; Karim et al., 2015) is obtained by Eq. (2). 
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After obtaining the necessary values, the outline of the RWHS model can be done as well as 

materials can be selected. Then cost of construction can be estimated for the RWHS in the study 

area. In Bangladesh, the municipality mainly has the conventional water supply system and 

thus, there is a big difference between the costs of these two types of systems. In the current 

study, a cost comparison of the two systems is undertaken to check the economical viability of 

the RWHS in the study area. For the municipality, the whole process consists of surveying, 

planning phase, design phase, pre-construction phase, construction phase and monitoring phase. 

For the RWHS, involvement of costs includes site selection, material costs (i.e., cost of tanks, 

piping, reservoir base, filters, and leaf trap), installation and maintenance. 

 

3. Results and Discussion 

The water reliability obtained by the RWHS in Khulna and Satkhira for different tank sizes and 

catchment areas is shown in Figure 1. As can be seen from the figure, the reliability of the 

RWHS increases significantly with the increase of catchment (or roof) areas. On the other hand, 

the reliability increases reasonably with the increment of tank size for a specific catchment area. 

It is found from the analysis that the 5kL tank is the most suitable for 150m
2
 catchment area for 

the two stations in terms of water savings and reliability test. This set of tank size and roof area 

produces value of reliability varying from 12.66% to 14.41% and water savings ranging from 

25.60kL to 28.12kL in the study area. The value of reliability and water savings mainly depends 

on the nature and amount of annual rainfall. The more a station receives rainfall, the more it will 

produce reliability of utilizing rain water on a daily basis. 

 

Figure 1: Water reliability obtained by RWHS in (a) Khulna and (b) Satkhira 

 

The water savings obtained for Khulna and Satkhira stations are analysis and shown in Figure 2. 

It can be seen from the figure that the increment of tank size cannot provide enough water 

savings for a RWHS when a specific catchment area is considered. For example, there is a very 

little difference between the values of water savings and reliability of 5kL and 10kL tank sizes 

as well as between 5kL and 20kL tank sizes. Therefore, estimation of an optimum tank size is 

indispensable for the best output. On the other hand, it is obvious form the figures that for a 

specific tank size, water savings increases substantially with the increment of the catchment (or 

roof) areas. Based on the reliability analysis and water saving obtained by RWHS, it can be 

concluded that with the increased amount of tank size, there is a very little improvement of 

water savings and percentage of reliability above 5kL tank size. This justifies the fact that the 
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5kL tank size is the most suitable for 150m
2
 catchment area for the two stations in terms of 

water savings and reliability test. 

 

Figure 2: Water savings obtained by RWHS in (a) Khulna and (b) Satkhira 

The lifetime of conventional water supply system may be at last for 100 years. However, it is 

not safe and reliable option particularly in the southwest coastal region of Bangladesh as the 

groundwater has already been affected by high intrusion of salinity in this area of the country. 

Furthermore, building a water supply system requires enough time especially in the coastal 

areas due to numerous difficulties. On the contrary, the proposed RWHS can rely on local 

construction and it can be maintained by the community organized efforts. The cost of 

conventional water supply system and RWHS is presented in Table 1. As can be seen from the 

table, there remains a remarkable difference in the cost of construction of these two water 

supply systems. It is also evidenced from the table that among all the RWHS tanks, 5kL tank 

size seems more suitable than others considering its low cost of construction as well as it is the 

optimum tank size from the previous findings. This estimation reflects that the construction cost 

of 5kL tank size is almost 99% lower than the conventional water systems. Hence, it can be 

concluded from the analysis that the RHWS is a viable option in the southwest coastal region of 

Bangladesh considering the cost factor. 

Table 1: Cost comparison between RWHS and conventional water supply system 

Description Estimated Cost (BDT) 

(a) Cost of RWHS  

Tank size = 3 kL  44,000 

Tank size = 5 kL 60,000 

Tank size = 10 kL 100,000 

Tank size = 20 kL 200,000 

(b) Cost of conventional water supply system 31,600,000 

 

4. Conclusions 

Based on the results obtained in the current study, the following conclusions can be drawn.  

 It appears from the obtained results that 5kL tank is the most suitable size for 150m
2
 

catchment area for the southwest coastal region of Bangladesh for providing drinking 

water overall 20% of the days in a year.  

 The reliability and water savings increases reasonably with the increment of tank size 

for a specific catchment area. However, the increment of tank size cannot provide 

enough water savings for a RWHS when a specific catchment area is considered and 

thus, estimation of an optimum tank size is indispensable for the best output. 
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 This study demonstrates that RWHS is a sustainable option for the southwest coastal 

region of Bangladesh considering reliability, water saving potential as well as cost 

involvement for construction.  
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