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Summary  

In coastal Bangladesh, safe water supply sources are varied including a small pond, 

river water, community pond that dig by the local administration, bottled water, rainwater, 

and river water. In comparison with those alternatives, rainwater is one of the most popular 

and applied sources of water in coastal communities.  In addition, centralized or municipal 

water supply systems do not reach the hard-to-reach, most remote, and poorest communities 

like coastal areas in a low-income country. It is one of the major factors for applying and 

popularity of decentralized water supply systems like rainwater harvesting. However, the 

coastal area of Bangladesh is more vulnerable to climate-induced extreme events due to their 

socioeconomic position and geographic location. It is assumed that the intensity and 

frequency of climate-induced extreme events such as floods, cyclones, storm surges, sea-level 

rise, tidal movement, and salinity intrusion will increase. This extension will facilitate the 

water shortage problem in coastal/rural communities. The water shortage and lack of water 

access inhibit their socioeconomic development especially women since water access 

connects to employment, health, and economic stability.  

 

However, climate change effects are one major reason for livelihood vulnerabilities 

for the marginalized groups of people in the coastal area in Bangladesh. They encounter 

major livelihood challenges for drinking water, domestic cleaning and bathing, and irrigation 

water supply due to multiple climatic concerns like salinity intrusion, sea-level rise, cyclones, 

drought, water pollution, and flooding. One major marginalized group, women, is the major 

victim of these complex problems as they are responsible for domestic water supply. They 

encounter further marginalization due to patriarchal domination, social inequality, and 

exploitation. In this context, proper water availability can help to fight against the climate 

change effects and social problems. Given the geographic context and environmental aspect 
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of the coastal area in Bangladesh, rainwater harvesting can be a viable option as the country 

receive around 2400mm of rainfall per year.  

 

Marginalized people like women encounter survival challenges due to climate change 

effect. Their life is directly and indirectly affected by climate change impacts, and they are 

trapped in the cycle of poverty and vulnerability, especially in developing country like 

Bangladesh. Water shortage is one of the major responsible factors that arise from climate 

change and anthropogenic factors for this condition. The reason behind this is women are 

water manager for the household, especially in coastal communities where municipal or 

centralized water supply system is not well structured. However, rainwater harvesting is one 

of the most suitable water supply systems in coastal Bangladesh so this system can contribute 

to the socio-economic development of marginalized people. From this perspective, it needs 

further investigation to deepen our understanding of what factors influence the economic 

benefit of rainwater use, and how water security through rainwater collection and use can 

contribute to empowering women and fighting climate change, and reducing their 

vulnerability to climate change and patriarchal domination. It can also contribute to end the 

poverty trap.   

 

This study report on the result of interdisciplinary research regarding fighting climate 

change and women empowerment through rainwater harvesting in coastal Bangladesh.  

Several studies have been conducted on water security, climate change impacts on water 

sources, and women empowerment in Bangladesh which do not reflect a locally accepted 

mechanism for water security, or local context, and do not connect to locally accepted water 

supply mechanism (e.g., rainwater harvesting) to socioeconomic development and women 

empowerment. Moreover, most of the existing literature focuses on whether rainwater 
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harvesting can supply enough water, rainwater quality, and water-saving, leaving the direct 

economic benefit of rainwater harvesting that can contribute to women empowerment and 

overall socio-economic development. Although the concept has been used in different 

academic fields there is a gap to link water security through decentralized water supply 

systems (e.g., rainwater harvesting) and women empowerment, quantify the intensity of 

extreme events that affect water supply systems and sources by using national-level data and 

the factors that influence the direct economic benefit of rainwater harvesting. This Doctoral 

Thesis aims to fill this gap and enrich existing knowledge of how rainwater harvesting can 

contribute to water security that indirectly and directly leads to economic benefit and women 

empowerment. 

 
 

This study is important from a different perspective. Firstly, this study tries to make a 

connection between water and climate change, how climate-induced extreme events affect 

water supply sources, factors that are responsible for rising water demand, find out the factors 

that influence economic benefits to arise from using local traditional knowledge (e.g., 

rainwater harvesting), and how this traditional knowledge can contribute to women 

empowerment and fight climate change. There is no interdisciplinary study that connects 

these issues.  

 
Secondly, the findings of this study can contribute to the knowledge of climate change 

adaptation, women empowerment, water governance, and traditional knowledge to mitigate 

and adapt to climate change. Thirdly, it will help decision-makers, especially in a rain-

intensive country in considering promoting rainwater harvesting as a mechanism for ensuring 

water security, poverty reduction, and the socio-economic development of marginalized 

people since the result indicate that rainwater harvesting can contribute to water security and 

bring direct economic benefit to the household. For example, a household with a higher 
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storage capacity for rainwater harvesting has higher economic benefits from rainwater 

harvesting. This economic benefit can contribute to the end of the poverty cycle.   

 
Fourth, this study contributes to improving the health and wellbeing of marginalized 

people (e.g., women) and the community as this investigation finds out how rainwater 

harvesting can contribute to reducing freshwater crises for cooking, bathing, and drinking 

arising from climate change effects. Moreover, a household with a sufficient supply of water 

within the household can end women’s water collection responsibility. This reduction can 

open door for employment or involvement in other income-generating opportunities. For 

example, a household that has higher water security through rainwater harvesting has a higher 

possibility of income-generating activities.     

 
Fifth, this study can contribute to attracting research and development investment in 

(rain)water management, and a new program for promoting rainwater collection and use 

especially in rain-intensive and water crisis countries. Sixth, this study promotes women's 

empowerment through rainwater harvesting. There is no such type of study that connects 

rainwater harvesting and women empowerment. Finally, the investigation will be used by 

different government and non-government organizations, and other stakeholders to 

understand the reasons for water security problems, the potential solution by considering the 

local context, the economic benefit of the potential solution (e.g., rainwater harvesting), and 

the possibility of women empowerment with the potential solution. Broadly, this study will 

help in developing strategies, programs, and policies to ensure water security with better 

rainwater management in coastal Bangladesh and other rain-intensive and water-scarce 

countries (e.g., India, Colombia, Indonesia, Peru, Thailand, Chile, Venezuela, Nepal, Brazil, 

Albania, etc.). 
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In recent years a boost study in rainwater use indicates that the concept has become 

one of the most significant and influential in sustainability, development studies, water 

management, and development economics. This wide applicability of the concept has 

provided a large volume of studies published, acknowledged, and used where the concept is 

used. This study contributes to those studies. For example, Bitterman et al. (2016) link water 

security and rainwater harvesting from a conceptual framework perspective while the present 

study links water security through rainwater harvesting and women empowerment empirical 

perspective. Moreover, Ostrom et al. (1999) emphasized local lessons for addressing global 

challenges that are directly connected to this study since this study uses locally used 

technology and idea (rainwater harvesting) for addressing one of the stressing global issues 

(water security).   

 

Moreover, other studies conducted from a different perspective include the economic 

feasibility of rainwater harvesting (Amos et al. 2016; Ferrany et al. 2011; Karim et al. 2015; 

Liang and van Dijk, 2010; Matos et al. 2015; Yuan et al. 2002) but this study find out 

demographic, and socioeconomic factors that affect the economic benefit of rainwater 

harvesting. This economic benefit can help to reduce poverty which is a critical global issue 

that needs to address for sustainable socio-economic development. The second aspect is law 

and policy (Holland-Stergar, 2015; Meehan and Moore, 2014; Ostrom, 2005; Pacheco et al. 

2017; Temesgen et al. 2016) which is very important for common-pool resources (rainwater) 

management (Dietz et al. 2013; Ostrom, 2009). This study urges policymakers and other 

stakeholders especially in rain-intensive and water stress countries for a rainwater harvesting 

policy which will help for better common pool resource management. This better 

management will reduce climate change impacts (Abdullah and Rahman, 2015; Li et al. 

2019; Ostrom, 2007; Pandey et al. 2003).  
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Water security is a prerequisite for sustainable socio-economic development, but it is 

more important for women and girls and achieving sustainable development goals 5 ‘achieve 

gender equality and empower all women and girls’ (Dickin et al. 2020). This study 

contributes to deepening our understanding interlink between women empowerment, water 

security, and harvesting rainwater as an instrument of water supply. For example, having a 

water supply system within the household can improve water security which is critical for 

income-generating activity.  

Many poor and marginalized people encounter challenges regarding water insecurity 

and water-connected risks while few wealthy people experience water-associated challenges 

(Grey et al. 2013). This contradictory connection promotes division that leads to inequality 

(Grey et al. 2013).  On the basis of the concept of ‘agency’ Sen (1985) different academic 

and non-academic researchers have investigated to characterize and estimate agency as an 

instrument to empower women (Alkire et a. 2013; Kabeer, 2011; Kabeer et al. 2013) where 

they attributed the agency concerning self-reported behavior and observed attitudes in a 

particular domain of life (Hanmer and Klugman, 2016). This study tries to find out the 

connection between water security through rainwater harvesting as an agency to empower 

women (as an outcome). The observed and reported behavior at the household level indicates 

higher the water security the higher the possibility of women empowerment. Rainwater 

harvesting can directly contribute to this water security which is a major responsible factor 

for empowerment. This empowerment contributes to reducing inequality, especially for 

women.   
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Introduction  
 
 

This study aims to promote a deeper understanding of the link between climate-

induced extreme events that affect demand and supply of water, factors that influence the 

economic benefit of rainwater harvesting, and rainwater harvesting as a tool to empower 

women. Climate change effects are one major reason for livelihood vulnerabilities of 

marginalized people and water access problems. Due to multiple climatic concerns like 

salinity intrusion, drought, water pollution, and flooding, they encounter major livelihood 

challenges for drinking water, domestic cleaning and bathing, and irrigation water supply.  

 
There is a growing literature that exposes climate change's effects on water resources, 

people, and the economy. For example, if the sea level rises to one meter by this century, 

Bangladesh could lose about 15% of its landmass, displace up to 30 million Bangladeshis 

(Harasawa, 2006) and reduce GDP growth between 27 and 57 percent (Agrawala et al., 

2003). However, the different marginalized groups like women encounter the worst 

sufferings from climate change effects (Adebo and Sekumade 2013, Adeniyi et al., 2013; 

Bhuiyan and Khan 2011; Davies et al., 2009; Devkota et al., 2014; Furberg et al., 2011; 

Guha-Sapir et al., 2006; Kendrovski and Spasenovska 2011). Women and girls’ “lives are 

directly affected by the changes brought about by climate change” (Skinner, 2011:2), and 

they encounter the cycle of poverty and vulnerability (Alam et al., 2015) due to their 
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socioeconomic marginalization (Alam et al., 2015; Neumayer and Plumper, 2007). The water 

crisis is one major indicator of this condition, and rainwater harvesting with proper 

technologies like pond sand filters and desalination devices can reduce their livelihood 

sufferings.   

 
Rainwater harvesting (RH) is a system of inducing, collecting, storing, using, and 

conserving local rainwater from the rooftop or open space for agricultural, domestic, or 

industrial purposes (Hatibu and Mahoo, 1999; Sutherland and Fenn, 2000). Pachpute et al. 

(2009:2816) classified the rainwater collection system as rooftop catchment system, in-situ 

catchment system and run-off catchment system. The components of any water harvesting 

system include (a) catchment area, (b) storage facility, and (c) target area (Oweis and 

Hachum, 2006). Individual households collect this rainwater for reducing water crises 

(Abdullah and Rahman, 2015; Ghosh et al., 2015; Islam, 2017; Islam et al., 2014; Rahman 

and Jahra, 2006). 

  
Rainwater harvesting has gained major importance as an alternative water source 

when conventional water sources get affected due to climate change. A recent study focused 

on the economic feasibility, economic benefit, and feasibility to increase water access. 

Kahinda et al. (2007) found that domestic rainwater harvesting has good potential to supply 

quality water at household and community level (Iqbal and Hassan, 2014) and has advantages 

like small scale operation and low cost. In addition, this rainwater can enhance the income of 

marginalized women through income-generating activities such as poultry farming, vegetable 

gardening, and vendors. Worm and Hattum (2006) illustrated that the most effective 

“approach for introducing gender equality and empowering women may be one where all 

partners (men and women) communicate, organize, operate, maintain, and monitor a RWH 
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[Rain Water Harvesting] system”. Therefore, it ideally suits the socioeconomic and 

biophysical condition (Deng et al., 2004; He et al., 2007; Li et al., 1999; Zhao et al., 1995).  

 

The first chapter provides insight to understand further the link between factors for 

rising water demand, water supply sources, and extreme events that limit water supply in 

Bangladesh. The main objective of this chapter is to advance the literature on factors 

responsible for rising water demand, quantify water sources' response to this, and quantify the 

intensity of extreme events that affect water resources by analyzing national-level data. This 

study employs a central tendency and measure of variability to analyze data and a mixed-

method approach to interpret the result. For this chapter, data collect from Flood Forecasting 

and Warning Centre, World Bank Group Climate Change Portal, Commonwealth Scientific, 

and Industrial Research Organization, Water Resources and Planning Organization, 

Bangladesh Water Development Board, and Institute of Water Modelling. The finding of this 

chapter will help the national and global community to advance water resources management 

for climate change adaptation and sustainable economic development.  

 

Throughout 1999-2019, the growth rate of population, gross domestic product (GDP), 

and urban population is 1.354%, 6.084%, and 3.70% correspondingly, contributing to 

increased water demand. Chapter one finds that GDP (Gross Domestic Product) has been 

growing by over six percent since 2010. This high growth intensifies the pressure on water 

resources to maintain the growth.  However, the urban population has been increasing by 

around 3.78% since 1999. These two leads to an increase in water-intensive food such as 

meat, milk, egg, pulse, cereals, and nuts can facilitate water demand. Moreover, population 

growth increases water demand in two different ways including domestic water demand and 

water for food production for the extra population. The results are similar with Ahmed et al. 
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(2015), Asaduzzaman et al. (2010), Chowdhury (2010), World Bank (2005), who found that 

water resources in Bangladesh have been facing some challenges that include but are not 

limited to (a) rise in pollution due to unplanned urbanization and industrial growth; (b) 

adverse impact of climate change that roughly affects 160 million people directly and 

indirectly; (c) growing demand of water that creates pressure on groundwater.  

The finding is similar to UN Water (2018), who argued that rising water demand 

follows economic and population growth. The finding is enriches the argument of Liu et al. 

(2017). They mentioned “population growth, economic development, and dietary shift 

(toward more animal products) have resulted in ever increasing water demand, and 

consequently pressures on water resources” (Liu et al. 2017:545). The extension of water 

demand put immense pressure on water sources while the supply from water sources is highly 

variable and unstable. It is assumed that this variability will increase due to climate change.   

Groundwater is one of the most suitable sources of water in Bangladesh. To meet the 

demand, the groundwater has been overexploited since its depletion almost doubled (99.66%) 

throughout 1989-1990 to 2008-2009 in Bangladesh. This depletion intensifies the pressure on 

aquifers and ultimately provides less time to reduce the gap between withdrawal and 

recharge, limiting this source's water supply. It indicates that water supply from this source is 

not stable. This result is similar to Collins (2008), Hidalgo et al. (2009) and Piao et al. (2010), 

who investigated the adverse impact on aquifer recharge in the Karst region and found that 

the groundwater level has been going down.  

 

Concerning the water supply from rainfall, the result indicates that rainfall has been 

more uneven distributed in recent years than in the past. For example, the range1 of rainfall in 

                                                      
1
 Difference between maximum and minimum  
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the JJA2 and DJF3 season increased by 102.706% and shrank by 55.66% in 2011-2015 

compared to 1991-1995. It indicates that rainwater is more available in the monsoon season 

than in the dry season. However, mean rainfall went down by 1044.15mm (June July August)  

and 242.79mm (September October November) in 2011-2015 compared to 2006-2010. The 

result attributes that rainfall is more uneven distributed over the year as well as intrannually 

in recent past. This extension of uneven distribution is widening gap between mosoon and 

dry season. The result advances literature such as Goswami et al. (2006), Lau and Wu (2007), 

Rajeevan et al. (2008), who found a pattern of change in rainfall that includes an increase in 

heavy precipitation and a decrease in moderate rainfall.  Moreover, this finding also enriches 

the literature by Lu and Fu (2010) and Chen et al. (2012), where they found a significant rise 

in interannual rainfall variability and precipitation will be more extremes.  

 

The central tendency and variability of transboundary river water in figure A in the 

appendix and figure 4 show that the water flow is not stable from this source. For example, 

total, mean, and range water flow in the Ganges basin was changed by 288.61m, 3.74m, and 

39.86m respectively in 2018 compared to 2012. At the same time, total, mean, and range 

water flow changed by 141.48m, -1.2m, and 8.26m correspondingly in 2018 with respect to 

2012 in the Meghna basin. The present finding concerning transboundary water flow is 

contrary to Collins et al. (2013) since mean water flows decreased by 1.212%, 7.329%, and 

7.056% in 2018 compared to 2012 Brahmaputra, Meghna, and Southeastern Basin, 

respectively. For the transboundary river water flow, climate change is a concern for 

transboundary rivers (Milman et al., 2013) water flow and has a significant impact on the 

water supply from those rivers. Moreover, Čerkasova et al. (2018) conducted a study on the 

Vilija River basin using climate scenarios based on IPCC AR5 RCP4.5 model (Collins et al. 

                                                      
2 Considers as monsoon/rainy season 
3 Considers as dry season 
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2013). They found that yearly transboundary river water discharge increased to 53.7%, where 

expected rise to 47.6%. However, the gap between water demand and supply is widening 

since water supply from existing water sources is not stable and climate-induced extreme 

events adversely affect water supply from existing sources.   

 

The extreme events inhibit water supply in two different ways. Firstly, it damages 

water management and supplies infrastructure that constrains physical water supply. 

Secondly, it pollutes water (e.g., facilitating saltwater intrusion). For example, flood damages 

water supply networks as well as contaminate freshwater sources with salinity in coastal 

Bangladesh. The mean and the range of temperature increased by 0.91 and 0.163 degrees 

Celcius respectively in 2006-2010 compared to 1991-1995. Moreover, the median level of 

temperature increases from 26.90 (1991-1995) to 27.86 (2006-2010) while the standard 

deviation also augments from 3.77 (1991-1995) to 3.90 (2011-2015). This result is consistent 

with Frich et al. (2002), where they observed that every decade has been hotter than the 

previous decade since the later part of the 20th century. In addition, the result is also similar 

to IPCC (2013), where they found that average global air temperature surged by 0.850 C 

(0.65o C – 1.06o C) over the period 1880-2012. This rising temperature affects water sources 

through decreased water quality, raises water demand since people need more water to drink 

and maintain health, increases industrial water usage, reduction in the runoff, shrinks light 

rainfall, more severe drought between rainfall, and rises in water uses by plants, and increase 

evaporation (USGCRP, 2009).    

In terms of the salinity problem in coastal Bangladesh, salt-affected areas enhanced 

by 26.733% throughout 1973-2009. This result is consistent as well as contrary in terms of 

intensity to Shrivastava and Kumar (2015), who argued that salinized areas are increasing at 

the rate of 10% per year due to low precipitation, poor cultural practices, high surface 
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evaporation, and irrigation with saline water. If the rate4 of salt-affected areas remain the 

same in Bangladesh, it will rise to 13,38,598.298 ha in 2045. This is 17.222% of total arable 

land5 in Bangladesh. At the same time, salt-affected areas of S3 and S4 incremented by 

329.05% and 170.532% in 2009 compared to 1973, respectively. The result is consistent with 

Jamil et al. (2011) where they predcited that more than 50% of arable land will be salinized 

by 2050. The result indicates that salt-affected areas will not be limited to coastal areas. 

Moreover, the intensity of growth will not same due to climate change impact and 

geographical boundary.  

The average and intensity of flood increases since mean and maximum flood-affected 

areas increased by 93.357% and 107.98% in 2014-2018 compared to 2009-2013. This 

extreme event limits water supply by destroying water supply infrastructure and polluting 

water soures. If flood-affected areas cross 30,000km2 then we can consider as an extreme 

flood. With this attribute, figure 7 presents that extreme flood takes place every period except 

1999-2003 and 2009-2013 since 1986. This is in line with the previous finding Tabari (2020) 

found that flood intensity enhances in all climate regimes.  

 

In recent years, cyclone is more intense and frequent than in the past that directly and 

indirectly affected water sources in Bangladesh. This chapter finds that the intensity of 

cyclone facilitates since maximum wind speed facilitates by 19.17% in 2015-2020 contrasted 

to 1988-1995 while range positively adjusted with 21.03%. Moreover, if we consider a 

maximum wind speed of 200km per hour as a severe cyclone then the country faced four 

from 2000 to 2020 while three from 1988-2004. This result postulates that cyclone affects the 

water supply system and resources more frequently and extremely. The output (figure 7) is in 

                                                      
4 salt-affected areas in 2009 compared to 1973  
5 As per World Bank data, total arable land was 7772300 hectares in 
2018. https://data.worldbank.org/indicator/AG.LND.ARBL.HA?locations=BD   
 

https://data.worldbank.org/indicator/AG.LND.ARBL.HA?locations=BD
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agreement with previous studies by Kossin et al. (2020), Emanuel (2000) Kossin et al. 

(2013).  

 

 

Nevertheless, the sea level has risen with different intensities in Bangladesh. 

Sequentially, the mean sea level increased by 8.02cm and 0.795cm per year for 1979-2000 

in Char Changa and Cox’s Bazar. Moreover, the rate is more intense 

in Khepupara (16.3624cm) and Hiron Point (3.667cm). In addition, the maximum sea level 

changes by 139 cm in 1999-2003 compared to 1983-1986 in Hiron Point while 302cm in 

1994-1999 concerning 1979-1983 in Khepupara. This intensity provides a more destructive 

impact on water resources while sea-level rise facilitates floods, storm surges, river bank 

erosion, tidal movement, and salinity intrusion that lead to damage to water supply 

infrastructure and contaminate freshwater sources. The result is consistent with Douglas 

(1991), Cazenave and Lilovel (2010), Golledge (2019), and Rahmstorf (2007) but indicates 

different intensities. Moreover, this result reinforces the finding of Glennon (2017), were 

estimated that three feet sea level will rise by 2050 but with a different magnitude.  

 

Tidal movement is another climate-induced extreme event that affects water sources 

by facilitating salinity intrusion and floods. This chapter finds that 42.85% and 31.29% of 

subdistricts in coastal Bangladesh are in the range of very high (>2m) and high tidal (1-2m) 

movement categories respectively. The former category is more responsible for affecting 

water sources than the latter but global warming can turn the scenery and transform the ‘high 

tidal’ into a ‘very high tidal’ movement area type.    

 

The result of this chapter will help decision-makers to take actions for climate change 

adaptation, displacement, water crisis, and economic stability. Furthermore, it can be an ideal 
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study to anticipate the future scenario for other climate-vulnerable countries (e.g., 

Philippines, Myanmar, Vietnam, India, Indonesia, Pakistan) concerning the linkage between 

climatic extreme events and water. For instance, the salinity level, and intensity of the 

cyclone are not only increasing in coastal Bangladesh but also possible to extend in the 

Indian coastal region. It will help them prepare for adaptation since they understand the 

intensity of extremes and the interlinking sectors. It also urges to find out alternative sources 

of water, efficient and effective use of limited water resources. Finally, it will draw the 

attention of policymakers, water managers, and academics for further investigation in coping 

with extreme climate events that affect water sources, displaced people, and damage 

economic and environmental resources.    

In the second chapter, this study employs household survey data to investigate the 

factors that influence the economic benefit of rainwater harvesting. This chapter employs 

survey data from 1040 households collected during July and August 2020. This study applies 

the Cochran equation (1977) to determine the sample size for collecting data and Ordinary 

Least Square to analyze the collected data. In this study, we estimate what factors influence 

the economic benefit of rainwater harvesting positively and negatively. The empirical result 

shows that economic benefit of rainwater harvesting has a positive and statistically significant 

relationship with the total cost for rainwater harvesting, age of rainwater harvesting 

infrastructure, storage capacity, income, and price while negative with the number of 

children.  

To test the robustness, we estimate the model by differentiating the economic benefit 

group, the total cost of rainwater harvesting, storage capacity, the life span of rainwater 

harvesting, and income. This estimate does not bring change in sign and magnitude but 

exciting results. For example, the result (table 15) implies that people with less income are 
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more efficient in gaining an economic advantage over rainwater use. It implies that their 

economic vulnerability urges them to solve their problem and gain economic advantage out 

of it. However, it can be assumed that their willingness to improve their socioeconomic 

position could also motivate them. This chapter follows Hanjra and Gichuki (2008) where 

they revealed that invest US$1 in water supply bring economic gain between US$5 and US$ 

45.  Moreover, the outcome enriches Cook et al (2013) who found that rainwater could fulfill 

domestic water demand from 50% to 90% in Australia with a storage capacity 5m3 and 76m3. 

But this study indicates maximum storage capacity is 7m3 and they fulfilled their domestic 

water demand for whole year. Moreover, this study reinforces Rahman et al. (2010), and 

Farreny et al. (2011) where they argued a positive relation between price and benefit but 

contrary to Grafton et al. (2020). This study also contributes to the literature on the economic 

feasibility of rainwater harvesting, water-related investment can increase economic growth 

and productivity, policy for rainwater harvesting (Bichai et al. 2015; Carter and Bevan 2008; 

Farreny et al. 2011; Matos et al. 2015; Sadoff et al. 2015). In addition, this economic benefit 

arising from rainwater harvesting can contribute to women empowerment.   

Gender equality and water access are crucial parts of sustainable development goals. 

Water supply infrastructure (e.g., rainwater harvesting) can improve water access that can 

empower women inside and outside of the household. However, there is a lack of evidence 

regarding the direct link between water access and women empowerment. Chapter three is to 

find out whether women in the household can make a purposeful decision concerning their 

economic, social, and political life. It is assumed that the higher the water security by 

rainwater harvesting, the better they can make decisions regarding their economic, social, and 

political life. This agency’s role is determined by decision-making concerning their social, 

economic, and political life. Water access and women empowerment nexus can include goals 

of women empowerment in terms of employment, decision-making capability, political 
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participation, and social dignity. Availability of water positively impacts local economies 

since local economies rely on agriculture and industry.  

 

The economic empowerment indicators (e.g., engage income-generating activities, 

spend money without asking, buy productive and non-productive assets, etc.) reflect that 

economic empowerment translates in greater agency and control over decision-making within 

the household. For example, women have the freedom to spend their own money without 

asking. Moreover, they can also keep money away from her income. These two indicators are 

a good example of control over resources and power that plays an important role in 

translating agency into a greater dimension. They do not need to beg their husband or mother-

in-law, or son-in-law for money to buy basic items from local shops. It also exposes the 

household attributes that are supportive of economic empowerment. For example, 

encouragement for involving income-generating activities. Interaction between different 

empowerment dimensions can influence each other. For example, if one financially 

contributes to the household income, one has more bargaining power. This bargaining power 

can be connected to children's education, especially female children's education, the purpose 

of spending earned money, distribution of responsibility in the household task, and engaging 

in community meetings. It implies that this economic empowerment can influence social 

empowerment and vice versa.  

 

The main result shows that water security has a positive and statistically significant 

relationship with empowerment (e.g., economic, social, and political). Adding control 

variables and robustness check do not change the magnitude and sign that indicates the 

consistency and well-specified the model. However, the result exhibits a positive and 

significant relation between water security and income for low and medium-income 
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households but contrary to high-income households. However, income has a negative relation 

with economic empowerment (-66.242*), social (-5.845), and political (-24.917***) 

empowerment for high, middle, and low-income households.  The low-income women do not 

have time for political participation or program since they struggle with their economic life. 

This finding enriches Abu et al. (2019), who described that women do not attend WASH 

decision-making programs and meetings due to their household chores and income-

generating activities.  

   

This chapter extends the understanding and creates a new dimension of women 

empowerment tools. It makes a direct and quantifiable connection between women's 

empowerment and water security provided by rainwater harvesting. This study contributes to 

Dery et al. (2020), urging quantifiable measurement of women empowerment in the WASH 

sector. Quantifiable measurement of empowerment can be a critical tool to set down theory 

on a verifiable, effective, and rigid foundation to develop policy. This study contributes to 

Kabeer (1999), who observed that women empowerment theory is a good illustration for 

developing policy. This study quantifies women empowerment through water security 

ensured by rainwater harvesting. For example, table 3 (baseline result) indicate social 

(0.35***), economic (0.268***), and political (0.278***) empowerment due to change in 

water security. It also enriches the literature on agency, water security and WASH decision, 

water access and socioeconomic problems, water supply infrastructure and women 

empowerment, inequality and wealth, and empowerment and safe water practices (Fisher et 

al. 2017; Grey et al. 2013; Goodmann et al. 201; Islam, 2020; Kabeer, 1999; Kayser et al. 

2019).  
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This study urges to boost water use efficiency not only in Bangladesh but also in other 

countries. This can be done by promoting less water-intensive foods and diversifying crop 

production that requires less water to produce. For example, meat (beef) and rice are two of 

the most water-intensive foods and crops. Both of these agricultural products are popular. 

Since there is a  demand-supply gap for water and climate extreme will facilitate it, there is 

no time to waste to bring efficiency in water use.  

 

The groundwater is depleting fast, rainfall is more erratic 6, and water supply from the 

riverine system is not stable almost every part of the globe. To address these issues, it could 

be better to use rainwater for domestic, industrial, and agricultural purposes through 

rainwater harvesting since the country (Bangladesh) is one of the most rain-intensive 

countries (average rainfall 2400mm per year). Rainwater harvesting can be promoted and on 

the priority list to address the water demand-supply gap particularly in rain-inetensive 

country. Previous studies found that rainwater harvesting is a sustainable approach to govern 

rainwater and address economic poverty and water crisis in the southern part of Bangladesh 

(Islam, 2018, 2019). 

 

In the coming future, rainwater will be more critical to address the water insecurity 

problem and mitigate floods due to climate uncertainty. In addition, it will use more to gain 

economic advantage, climate change adaptation, and build an inclusive society. This study 

connects four SDGs such as alleviating poverty (SDG One) through increasing economic 

advantage by rainwater harvesting,  gender equality (SDG Five), ensuring water access (SDG 

Six), and reduced inequality (SDG Ten).   

 

                                                      
6 The MK test statistics indicate that rainfall decreases in DJF, MAM, and SON while the surge in JJA. 
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This study urges the government, especially Bangladesh, to consider policy 

formulation. In this context, we bring an example of India. Although their average rainfall is 

far less than in Bangladesh, they have already formulated and implemented a rainwater 

harvesting policy. The policy must integrate economic growth, poverty alleviation, climate 

change adaptation, gender equality, and water security. Moreover, the global community also 

needs to exploit the rainfall. The more time to delay taking action against extreme climatic 

events that affect water resources and exploit resources (rainfall) available, the more loss will 

be in terms of economy, environment, and people. For example, only some coastal people in 

Bangladesh collect and use rainwater, but millions of liter rainfall runoff to the polluted canal 

and river in the capital city. If the government provides incentives or formulate policies 

regarding this, people and industry will follow.           

 

 

 

 

 

 

 

 

 

Chapter One  

 

The Impact of Climate-Induced Extreme Events and Demand-Supply Gap on Water 

Resources in Bangladesh 

 

 

Abstract 

 
Agriculture, domestic, and industry rely on water resources systems for fulfilling water 

demand while water resources systems face both climate-induced extreme events and 
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management and governance problems. These constraints lead to a mismatch between 

demand and supply of water for those sectors. This study applies central tendency and 

variability to analyze data and mixed methods approach to interpret the result. Throughout 

1999-2019, the growth rate of population, gross domestic product, and urban population is 

1.354%, 6.084%, and 3.70% correspondingly, contributing to increased water demand. 

However, average groundwater depletion increased from 2.455km3 (1989-1990) to 

4.9016km3 while average flood-affected areas enhanced by 8,644km2 in 2014-2018 compared 

to 1988-1993. Furthermore, salt-affected areas incremented by 2,22,810ha in 2009 contrasted 

to 1973, whereas the mean wind speed of cyclones increased by 30.02km in 2015-2020 

compared to 1988-1995. The mean sea-level rise increased by 16.8cm and 169.2cm in 1995-

2000 compared to 1979-1983 in Cox’s Bazar and Char Changa station, respectively. The 

current approach to address the mismatch may not be effective as a long-term solution due to 

climate change and geographical context so that this study urges policy makers to shift their 

focus on water sources for addressing the gap between water demand and supply in 

Bangladesh. This study will create attention of policymakers, water managers, water experts, 

and academics for further study in adaptation with climate extreme events which impact on 

water resources, damage social economic and enviornmnetal assets, and displaced people. It 

also urges finding and accommodating a sustainable approach to reducing the water demand-

supply gap. This study is relevant for various government organizations dealing with water 

resources management,7 policymakers, and professionals in water resources management and 

governance.  

 

 

Keyword: Bangladesh; climate-induced extreme events; demand supply gap; groundwater 

depletion; salt affected areas; sea level rise; water resources  

                                                      
7 Ministry of water resources, water development board, institute of water modeling, water resource planning, and 
organization 
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1.1 Introduction 
 

Water is a vital component of the planet and water resources are intricately connected 

to climate change dynamics (Bates et al. 2008; IPCC, 2014). Water systems are vulnerable to 

man-made, natural, and climate extreme events such as floods, cyclones, drought, heatwaves, 

rainfall, storm surges, and sea-level rise. However, over the past 100 years, global water 

consumption altogether in household, industry, and agriculture has increased by a factor of 

six and continue to increase steadily at a rate of 1% per year due to population growth, 

change in consumption patterns, and economic advancement (UN-Water, 2020; Wada and 

Bierkens, 2014). However, the supply of water is more erratic and uncertain (UN Water, 

2013; FAO, 2017; IPCC, 2018) due to climate change that directly and indirectly changes the 

hydrological systems that are disturbing water quality, volume, and change in demand of 

water (Timmerman et al. 2020). This mistmatch between demand and supply of water leads 

to the water crisis that is more severe in Bangladesh. 

 

The water crisis is a key challenge in Bangladesh due to: (a) growing demand 

throughout the country that creates immense pressure on groundwater sources (Chowdhury, 

2010); (b) a scary increase in water pollution due to unplanned industrialization and bad 

sanitation circumstances (World Bank, 2005); (c) adverse impacts of climate change8 

(Asaduzzaman et al., 2010); (d) water resource management is the sole responsibility of a few 

organizations9 and they do not have good coordination between them (Chan et al., 2016); (e) 

upstream water diversion through different dam and barrages10 in the transboundary rivers11 

                                                      
8
 Drought, heatwave, floods, sea level rise, and other extreme events.  

9
 Bangladesh Water Development Board, Ministry of Agriculture, Ministry of Environment and Forest  

10
 Farrakka Barrage, National River Linking Project of India. 

11
 Ganges, Brahmaputra, Meghna 
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inhibits the ability to mitigate water crisis (Chan et al. 2016). Furthermore, exclusion of 

marginalized people and shortage of integration of major water users in planning and 

implementation of water projects, absence of political intention to construct a good 

environment for efficient and successful water governance that can address water crisis 

problem, and communication gap between stakeholders and policymakers (Benson et al. 

2015; Dewan et al. 2015; Gain and Schwab, 2012; Kolås et al. 2013; Rouillard et al. 2014; 

UNEP, 2012) are also major responsible factors in causing and facilitating water scarcity in 

Bangladesh. In this context, it is time to get a better understanding of how climate-induced 

disasters directly and indirectly influence the supply and demand of water that creates a water 

crisis12 through affecting water resources systems.  

In Bangladesh, there is a lack of investigation by analyzing the national-level data. An 

analysis of the whole country is necessary for better understanding the factors responsible for 

rising water demand and response of supply side. Moreover, this study helps to identify the 

intensity and growth of extreme events. It also urges to find and accommodate a sustainable 

and resilient approach to mitigate the problem. This is relevant for various government 

organizations dealing with water resources management,13 policymakers, and professionals in 

water resources management and governance.  

Therefore, this study is not intended to give a detailed review of the potential impacts 

of climate change on water shortage all over the world but seeks to provide the foundation for 

exploring the alternatives to reduce the mismatch between demand and supply of water in a 

water-stressed country like Bangladesh. It also informs the climate change community about 

the intensity of impact on water resources by climate induced-extreme events, and water 

                                                      
12

 In this research, water crisis indicates mismatch between demand and supply of water while mismatch implies water crisis 
13

 Ministry of water resources, water development board, institute of water modeling, water resource planning and 
organization 
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management community that can decide to improve water management and governance to 

address the problem.  

The chapter is organized as follows. An extensive literature review attributing climate 

change impacts on water resources, and different approaches for managing water resources 

that influence the supply and demand of water were conducted in section 2.  Section 3 is 

about the methodology that includes an analytical framework, sources of data, brief 

introduction of the study site, a short overview of water resources in the country, summary of 

water management and governance mechanisms in Bangladesh, methods, and analytical tools 

used to analyze the data. Section 4 interprets the result of this study about demand increases 

while supply is unstable. This section also explores concerning intensity and growth of 

climate extreme events that are connected and influencing the water resource systems of the 

country. Section 5 concludes the study with an indication of further research. 

 
 

1.2 Literature Review  

Water supply systems are generally considered to be vulnerable to climatic extreme 

events.14 There is a growing acknowledgment that climate change can adversely affect the 

water supply system (Clark, 2014) that could lead to a water crisis in different parts of the 

world. For example, the cyclone Amphan 2020 in Bangladesh and India damaged thousands 

of households and disrupted the water supply systems in the affected region (IFRC, 2020; 

Rafa et al. 2021). It affects economic and environmental resources in Bangladesh. The loss is 

estimated as much as around US$ 130 million in Bangladesh (Roy et al. 2020). The cyclone 

caused a 2.7-meter height storm surge that damaged 150 km embankments that led to 

submerging all freshwater ponds in the Sundarbans with saltwater as well as uprooted 

millions of trees (Roy et al. 2020; The Daily Star, 2020). At the same time, 176,000 hectares 

                                                      
14

 Drought, flood, sea-level rise, rising temperature, cyclone, arsenic contamination, and saltwater intrusion. 
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of farmland, 1100 km of roads, around 25 mobile network tower, and more than 200 bridges 

were damaged (Ahmed, 2020; IANS, 2020; Parvez, 2020).   

 

Moreover, Wada and Bierkens (2014) analyzed the data throughout 1960-2010 as 

well as projected the future scenario (2011-2099) regarding water use. They used the blue 

water sustainability index and found that surface and groundwater resources consumption 

followed an increasing trend (30%) over the historical periods and it will continue over the 

next century (40%). A number of studies found the overuse of surface and groundwater 

resources over the globe (Doll et al. 2009; Gleeson et al. 2012; Gleeson and Wada, 2013; 

Kummu et al. 2014; MacDonald, 2010; Rodell et al., 2009; Schewe et al. 2013; Vorosmarty 

et al., 2010; Voss et al., 2013; Wada et al., 2010) that lead to water crisis every part of the 

world with different intensity.  

 
 1.2.1 Climate Change and Groundwater  

 

Groundwater-dependent ecosystems are facing enormous pressure from irrigation, 

climate change, and increased water consummation in different sectors (e.g., households, 

industry, and agriculture) while these pressures force to change the level and pattern of 

groundwater (Kløve et al., 2014). Due to the climate change effect, this pressure will grow up 

by increasing evapotranspiration, reducing precipitation as well as erratic rainfall, in turn, it 

will lower recharge rate and rise the groundwater abstraction (Treidel et al. 2012) as the 

demand for water increases due to population growth, urbanization, and economic 

development. Increased groundwater withdrawal intensifies the pressure on aquifers and 

ultimately provides less time to reduce the gap between withdrawal and recharge that limits 

water supply from this source.    
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Climate change can influence the quality and quantity of groundwater in different 

ways that include recharge rate that affects the depth and volume of groundwater, timing and 

magnitude of aquifer recharge that depend on the change in frequency, intensity, and 

distribution of rainfall; change in land cover; and snowmelt measures (Kløve et al., 2014; 

Earman and Dettinger, 2011; Green et al., 2011; Treidel et al., 2012). Collins (2008), Hidalgo 

et al. (2009) and Piao et al. (2010) investigated the adverse impact on aquifer recharge in the 

Karst region and found that the groundwater level has been going down. Furthermore, Nistor 

et al. (2019) found that the water table in the aquifer is expected to decrease due to a shift in 

the base level of regional flow conglomeration or to the contraction of facet water in the 

watershed in many places all over the world.  

Changes in seasonal mean and yearly groundwater levels rely on a change in the 

distribution and pattern of rainfall (Hiscock et al. 2012; Jyrkama and Sykes, 2007; Okkonen 

and Kløve, 2010). For instance, only extreme precipitation can recharge the groundwater in 

semi-arid regions while an enhancement in extreme precipitation events can reduce the 

recharge rate due to the loss of a large volume of water through runoff in humid regions 

(Bates et al. 2008). Jyrkama and Sykes (2007) found that the recharge rate can rise by around 

100 mm/year over 40 years in Canada due to warmer winter whereas Dams et al. (2011) 

revealed that in Belgium groundwater level can reduce under predicted climate change 

scenario especially in early autumn and late summer. Climate change not only negatively 

influences the volume but also the quality of groundwater. 

The quality of groundwater is detrimental in arid areas due to positive changes in 

groundwater temperature and chemical reactions in the aquifer and soils (Figura et al. 2011; 

Haldorsen et al. 2012; Kløve et al. 2014). Rainfall reduction leads to a lower groundwater 

level that increases the probability of groundwater contamination through saltwater intrusion 
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particularly in the coastal aquifers (Werner et al. 2013). However, arsenic contamination in 

groundwater is another major quality problem particularly in Southeast Asia include 

Bangladesh, Pakistan, and India. There are approximately 50-60 million people are drinking 

arsenic-contaminated water in Pakistan while about 57 million people drank arsenic-

contaminated water in 2008 in Bangladesh (Guglielmi, 2017; Susan, 2008).  

  

1.2.2 Climate Change and Surface Water 
 

Climate change can change the water cycle, which in turn changes the volume and 

distribution of water supply. Rainfall is an important component of surface water as well as 

water cycle. Changes in rainfall in terms of volume, frequency, intensity, and distribution 

adversely affect the availability of water resources. Several studies found that changes in the 

precipitation pattern in the changing climate over the globe (Donat et al., 2016; Lehmann et 

al., 2015; Trenberth et al., 2003), surrounding the region of India (Goswami et al., 2006; 

Mishra and Liu, 2014; Rajeevan et al., 2008) includes Bangladesh. They have found a pattern 

of change in rainfall that includes an increase in heavy precipitation and a decrease in 

moderate rainfall (Goswami et al., 2006; Lau and Wu, 2007; Rajeevan et al., 2008). 

Therefore, an increase in heavy rainfall could lead to floods while an extended decrease in 

moderate rain can cause droughts (Mishra et al., 2019).  

 

Dey et al. (2019) comprehensively reviewed the present published literature about the 

trend in Australia’s rainfall and found that mean rainfall decreased in southwest and southeast 

while increased in northeast Australia since 1950. They also projected that average rainfall 

will continually decrease in southwest Australia under the warming climate but are uncertain 

about the changes in northern and eastern Australia. Nistor et al. (2019) observed that 

precipitation increased in the last century over Central and Northern Asia while decreased 
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over Southern Asia. Goswami et al. (2006) revealed that heavy rainfall phenomena ( 

100mm day-1) increased by 50% over the central part of India that is connected to the 

availability of moisture due to a rise in sea surface temperature.    

 

Since the later part of the 20th century, every decade has been warmer than the 

previous one (Frich et al. 2002; Quirk, 2012). This warming climate is leading to reduced 

mean rainfall and a rise in mean temperature (Nistor et al., 2019). The escalation in 

temperature can cause to evapotranspiration hike that leads to reduce in run-off (Cao et al., 

2011).  Moreover, Nistor et al. (2019) have investigated the water availability based on yearly 

precipitation and annual Actual Evapotranspiration during the 1950s and 1980s over Varanasi 

district. They revealed that water availability ranged from 81mm to 718mm during the 1950s 

in the southern and 62mm to 636mm during the 1980s in the central, north, west, and east 

part of the district. It indicated a positive correlation between water availability and 

precipitation over the district. This study also disclosed that the areas were extended with 

lower availability of water (100mm) during the 1980s from the 1950s which is the adverse 

consequence that comes from climate change on the availability of water. However, climate 

change is a concern for transboundary rivers (Milman et al. 2013) water flow and has a 

significant impact on the water supply from those rivers. Khedum et al. (2009) claimed that 

shared basins hold 43.5% of the Earth, and composed 60% of surface water flows that 

indicates it is an important source of water.  

 

Water variability in transboundary river flow is a common attribute (Dinar et al., 

2019) but different studies found that climate change will intensify such variability and affect 

the hydrological cycle (Dinar et al., 2019; Jury and Vaux, 2005; Khedum et al., 2009). This 

variability influences the availability, sharing, and allocation of transboundary river water 

(Khdeum et al., 2009; Milly et al., 2008) that not only affects within their boundaries but also 
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extends to co-riparians (Milman et al., 2013). The effects of these changes will not limit to 

water resources management. Dinar et al. (2019) claimed that unexpected high or low water 

flow in rivers may cause water conflicts, floods, loss of life, infrastructural damage, and 

drought. Wolf (2009) stated that if the climate change rate is beyond institutional capacity to 

address there is a potential threat of instability and conflicts between states.  However 

substantial change has taken place in global mean temperature and sea level in the last 

century (Nistor et al. 2019).  

 

1.2.3 Climate Change and Sea Level Rise  

Golledge (2019) observed that global mean sea level rise (SLR) will continue under 

future climate change projections while Levermann et al. (2013) argued that one-degree 

(Celsius) of ocean warming leads to near around 0.4m (0.20-0.63 m) SLR over 

multimillennial time scales. Levitus et al. (2012) observed that per degree ocean warming is 

responsible for 0.1-0.3m sea level rise since 1955.  Due to the enhancement of upper-ocean 

warming (Cheng et al. 2019; Glecker et al., 2016), the rate of SLR has increased over the 

recent past (Cheng et al. 2017; Dieng et al. 2017). Nerem et al. (2018) analyzed the data with 

GMSL (Global Mean Sea Level) and found that the SLR has been increasing 3 mm/year from 

1993 to 2017. It has been creating different types of problems such as increasing the 

possibility of floods that facilitates saltwater intrusion in the ground and surface water 

through the penetration of soil and water that affect water resources.  

 

 

1.3 Methodology  

1.3.1 Study Site (Bangladesh)  

Bangladesh is not a large country in terms of area (1,47,570 km2) but ranked 8th and 

5th in the World and Asia respectively in terms of population size (163 million). The area 
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attributes to 18,290 km (water) and 1,30,170 km (land). Figure 1 shows that it locates on the 

Bay of Bengal in South Asia surrounded by India (west, north, and east) and Myanmar 

(south-east). The Bay of Bengal is on the south side that covers 580 km, and its territorial 

water right extends to 22 km and 370 km as an exclusive economic zone. A major part of this 

country (80%) consists of the floodplain of Ganges, Brahmaputra, and Meghna (GBM), and 

some other rivers (Brouwer et al. 2007). These three rivers cover a catchment area of around 

1.72 million km2 in China, Bhutan, India, and Bangladesh (Ahmed and Roy, 2007). The 

confluence of these rivers makes the country a deltaic plain (Tomas et al., 2013) 

 
Although the state is not big it has a wide range of topography. This topography 

characterizes by a broad alluvial plain (southern and rises toward the north), hilly region 

(northeastern and southeastern), and terrace land (central and northwestern) (Shahid, 2010). 

The author also states that land elevation varies from 1 to 60 m (from south to north) above 

sea level in the plain. The topography and geographical locations make the country more 

susceptible to climate-induced hazards (Bhowmik et al., 2021).  
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Figure 1: Geographical map of Bangladesh  
 

Even though it is one of the most climate-vulnerable countries its economy is growing 

fast. The country has a market-based mixed economy driven by domestic demand. It is one of 

the Next Eleven Emerging Markets and has the highest foreign exchange reserves after India 

in South Asia. Therefore, biophysical factors such as flat, low-lying land, climatic 

components variations, and socio-economic factors such as high dependence on natural 

resources, poverty, population density, population growth, education, and poor health 

conditions make those disasters more impactful (Ayers et al., 2014; Bhowmik et al., 2021; 

Thomas et al., 2013).  

 
Since the country standing on the Northern Tropic its climate is tropically 

characterized by high temperature, heavy seasonal rainfall, high humidity, and distinguished 

seasonal variations (Thomas et al. 2013). It enjoys hot and humid dry from October to June 

and mild wet from July to October. Rainfall varies from 1400 mm (west) to 4300+ mm (east) 
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side of the country (Shahid, 2010). According to Shahid (2010) seasons can be divided into 

four categories such as pre-monsoon and hot summer (March to May); rainy or monsoon 

season (June to September); dry winter (December to February); and post-monsoon and 

autumn season (October to November).   

 
1.3.2 Water Resources in Bangladesh   
 

Water resources in Bangladesh can be categorized into two groups namely surface 

and groundwater. The surface water attributes to transboundary Waterflow, rainwater, water 

on seasonal wetlands, and water on standing water bodies (Ahmed and Roy, 2007). Water 

flows from these sources substantially varied between monsoon and dry seasons. This flow 

varies from about 140,000 m3/s in August to 7000 m3/s in February (Banglapedia, 2015). 

Major responsible factors for these differences are water flow in GBM, and rainfall patterns. 

For instance, more than 75% of annual rainfall takes place in Monsoon and water 

management practices of upstream countries (e.g., planned interventions, and anthropogenic 

actions) (Kolås et al. 2013; Shahid, 2010). However, table 1 presents the volume of 

water15 received from different sources:  

Table 1: Volume of water receives from different sources (Source: FAO, 2017)  

Long term average precipitation (10^9m3/year) 394.5 

Surface water produced internally (10^9m3/year) 83.91 

Groundwater produced internally (10^9m3/year) 21.09 

Total renewable internal water resources (10^9m3/year) 105 

Total internal renewable water resources per capita (m3/inhab/year) 657.5 

Surface water entering into the country (10^9m3/year) 1122 

Groundwater entering the country (10^9m3/year) 0.032 

Total renewable water resources per capita (m3/inha/year) 7684 

Interannual variability  0.7 

Seasonal variability  3.61 

 
 

                                                      
15

 This volume is an average figure from the year between 2013 and 2017 
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Water tables are varied in different regions within the country, but possible to reach at 

around 1-10m below the surface (BGS and WaterAid, 2001). The total freshwater withdrawal 

was 35.87km3 where 79.40% from ground sources in 2008.16 The country is over-reliant on 

groundwater to meet up the demand (Jahan et al. 2010; Shahid, 2011; Shahid et al. 2015). 

Moreover, 30.21 billion cubic meter groundwater abstracted as of 2010 annually where 79% 

for irrigation (Margat and Van der Gun, 2013; Mukherjee et al. 2015) while 87.82% was in 

2008. The major portion of these water withdrawals was done by Shallow Tube Well (STW) 

and Deep Tube Well (DTW). There is no exact data on the number of wells in Bangladesh 

but estimated around 10 million hand-pumped installed over the country (Cheng et al. 2004; 

van Geen et al. 2003). It attributes that irrigation for agricultural production is a major 

responsible factor for water use and groundwater is the main source of water. However, the 

different author provides a different classification of aquifer system of Bangladesh. 

 
To differentiate aquifers in Bangladesh, Acharyya et al. (2000), Uddin and Abdullah 

(2003), and UNDP (1982) have been proposed different classifications. As per UNDP (1982), 

the aquifer system’s depth is approximately up to 140 meters which are divided into three 

categories namely deep aquifer, upper or composite aquifer, and main aquifer. In addition, 

Uddin and Abdullah (2003) proposed a new classification as Late Pleistocene-Early 

Holocene, Upper Holocene, Plio-Pleistocene, and Middle Holocene aquifers.     

 
Therefore, water resources in Bangladesh have been facing some challenges that 

include but not limited to (a) rise in pollution due to unplanned urbanization and industrial 

growth; (b) adverse impact of climate change that roughly affects 160 million people directly 

and indirectly; (c) growing demand of water that creates pressure on groundwater (Ahmed et 

al. 2015; Asaduzzaman et al. 2010; Chowdhury et al. 2010; World Bank, 2005). Besides this 

                                                      
16

 http://www.fao.org/nr/aquastat/ 
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mismanagement, expansion of agriculture and industry, and upstream diversion also make it 

more difficult to manage water resources in Bangladesh (Chan et al. 2016). Figure 2 provides 

a summary of water governance and management mechanisms in 

Bangladesh.

Figure 2: History of Water Resources Management Mechanism in Bangladesh (Source: 

Ministry of Water Resources17).  

 

                                                      
17

 https://mowr.gov.bd/. Accessed on July 05, 07, and 11, 2021 

https://mowr.gov.bd/
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 1.3.3 Research question  

Climate-induced extreme events occur almost every year in the country. For this 

reason, the country is recognized as one of the most climate-vulnerable countries (Climate 

Central 2019; Kulp and Strauss 2019). It has been estimated that three feet rise in sea level by 

2050 will submerge 20% of the land and displaced more than 30 million people (Glennon 

2017), particularly from the coastal settings. Therefore, there is a mismatch between demand 

and supply of water since climate change restricts supply-side and economic development, 

population growth, urbanization, and industrialization facilitate the water demand. This 

mismatch is more severe in developing and climate-vulnerable countries like Bangladesh. In 

this context, the research questions of this study are:  what factors are responsible for the 

rising water demand? How supply-side respond to fulfill the water demand? How are 

climate-induced extreme events18 affecting water resources in Bangladesh? 

 

1.3.4 Data sources 

The extreme events inhibit water supply in two different ways such as creating 

physical water scarcity and contaminating water. For instance, arsenic contamination creates 

quality problems while lack of rainfall creates physical scarcity. To understand the supply of 

water to meet up demand, it needs to collect, and sort out data from different reliable sources. 

In this study, data collected from Flood Forecasting and Warning Centre, World Bank, World 

Bank Group Climate Change Knowledge Portal, Soil Resource Development Institute, 

Program Development Office-Integrated Coastal Zone Management Plan, Commonwealth 

Scientific and Industrial Research Organization, Water Resource and Planning Organization, 

Institute of Water Modeling, Bangladesh Institute of Development Studies, Centre for 

                                                      
18

 Rainfall, flood, sea-level rise, cyclone, temperature, and arsenic contamination. Here, climate-induced extreme events to 
imply rainfall, sea-level rise, cyclone, flood, and arsenic contamination that affect water resources in Bangladesh.   
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Environmental and Geographical Information System, Ministry of Water Resources, and 

Bangladesh Water Development Board.  

 

 

1.3.5 Methods  

This study follows a mixed-method approach to analyze the data. This study employs 

central tendency and a measure of variability to analyze data. Measures of central tendency 

include mean, and median while variability attributes to standard deviation, minimum, and 

maximum. These components help to understand the intensity, frequency, and average 

change in climate-induced extreme events that affect water resources. It also helps to identify 

the change in the pattern of demand and supply of water. For example, concerning rainfall, 

the mean indicates the average rainfall every year. Through mean this study identifies 

whether water supply from this source increasing or decreasing or stagnant. At the same time, 

the standard deviation will measure the amount of variation of rainfall from the mean. High 

standard deviation implies that value spread out over the range. It stipulates that the 

distribution of rainfall over the year is not well dispensed.  

 

1.3.6 Analytical Framework 

Water goes beyond water resource management and services since it considers the 

foundation for the entire life system on Earth. It can transform useless property into valuable 

asset for the entire human society or a crisis can shift the mechanism from rich to acute 

poverty in terms of social, economic, and environmental. This element is going scarce day by 

day all over the world due to the demand and supply gap caused by climate change extreme 

events.  
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Climate change exposes itself as enhancing the frequency and intensity of extreme 

events that influence the quality and quantity of water in multiple ways (Bates et al. 2008). 

For example, water quality is degraded through higher water temperature, reduced dissolved 

oxygen, rising pollutant concentration during drought, water pollution, deterioration of 

groundwater quality due to saltwater intrusion in coastal settings, disruption of water 

treatment facilities during floods (IPCC, 2014; UNEP, 2016), pathogen contamination by 

floods, and thus a reduced self-purifying capacity of freshwater bodies (Smakhtin et al. 

2020), arsenic contamination in groundwater19 while erratic rainfall affects the availability of 

water. These impacts add challenges to the sustainable management of water resources 

(WWAP/UN-Water, 2012) that threatening the enjoyment of human rights to water and 

sanitation for potentially billions of people (UN Water, 2020) particularly in developing 

countries like Bangladesh.  

 

Different studies have shown the adverse impact of climate change on water resources 

in Bangladesh (CCC, 2009; Chan et al. 2016; IPCC, 2007; Sharma and Sharma, 2008; 

Abedin et al. 2014; Rabbani et al. 2012; WHO 2008) that lead to the deficiency of water. The 

water resources system of the country is exposed to vulnerability of different types of 

regional climate variability such as rising temperature, the erratic behavior of rainfall, 

droughts, floods, the rise of sea level, cyclone and storm surge, saltwater intrusion in the 

ground, and surface water in the coast (Khan et al. 2011; Rabbani et al. 2012), arsenic 

contamination (Chan et al. 2016) that adversely affect the supply of water.  

 

Therefore, rapid economic and population growth, and urbanization in Bangladesh 

causes the immense increase in water withdrawals from the three main rivers (e.g. Ganges, 

Brahmaputra, and Meghna), groundwater, and other local and regional water bodies but the 

                                                      
19

 Particularly in Bangladesh and India.  
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availability of water in these rivers and water bodies reduced significantly. Water demand in 

households, industry and agriculture has been increasing since the continuous growth of 

population, economy, and urbanization but supply is deterring by different climate extreme 

factors. This mismatch between demand and supply of water leads to severe water scarcity in 

Bangladesh. Figure 2 explores the connection between climate extreme events, mismatch 

between demand and supply, and water resources systems in Bangladesh.  

   

Figure 2: Analytical framework of connection between climate change, and demand-supply 

gap of water that led to water crisis (Developed by the author)  

 

1.4 Results  

1.4.1 Demand Side of Water 

Climate Change Effect   

Water Resource Systems    

Supply Side 
  

A. Ground Water  
B. Surface Water (e.g. 

River, Sea, Wetland, 

Rainfall, Others)   

Demand Side  
 

A. Agriculture  
B. Household  

C. Industry  

Mismatch between supply and demand side of Water Resource Systems  

Water Crises 
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The current population of Bangladesh is about 160 million and Population Reference 

Bureau (PRB) estimates 250 million by 2050 based on the natural growth rate is 1.90% per 

annum (Streatfield and Karar, 2008). This growth rate is based on Crude Death Rate (CDR) 

8/1000 and Crude Birth Rate (CBR) 27/1000 which is more realistic (Streatfield and Karar, 

2008). Figure 3 presents that the total population increases each year that commenced at 

2.02% in 1999 and shrunk to 1.04% in 2019. It grows on an average of 1.3544% per year. 

This growing population is taking a toll on water demand in two different ways. Firstly, 

household water demand where they need water for their use that includes washing, drinking, 

bathing, and so on. Secondly, the extra population needs extra food and other products and 

services that also require water to produce. Figure 3 shows growth in total population, GDP, 

urban population, and irrigated areas that increase the demand for water in Bangladesh.  
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Figure 3: Growth in total population, GDP, urban population, and irrigated areas in 
Bangladesh (Data Source: World Bank20) 
  

Figure 3 shows that the urban population increases on an average of 3.708% over the 

last twenty-one years. At the same time, GDP (Gross Domestic Product) grew on an average 

of 6.0846% per annum that was 4.67% in 1999, and rise to 8.15% in 2019. The GDP goes up 

more than 6% every year after 2010. This high growth of the economy intensifies the 

pressure on water resources to supply more water to maintain the growth. However, the 

growth of the urban population along with economic wealth can raise the demand for water-

intensive food such as meat, milk, egg, pulse, nuts, and cereals that ultimately lead to 

increased water demand. However, the country uses 51.346% of the total land in 2004 for 

agricultural production and it rises to 59.711% in 2016 to ensure food security. This growth 

reveals that water demand also increases in the agriculture sector to fulfill the demand for 

food for the extra population. To fulfill the demand for water for the growing population, 

economy, and industry it needs to ensure a stable water supply from different sources. 

Otherwise, it will create a water crisis and constraint economic development.  

1.4.2 Supply Side of Water  

1.4.2.1 Transboundary River Waterflow 
 

The Ganges, Brahmaputra, Meghna (GBM), and Southeastern Basin (SEB) drain 

large volumes of rainwater that occurred within and outside of the country. During this 

passage, it creates and records the peak level of water in each basin every year. This peak 

level data use and analyze to interpret the stability of the water supply from this source. To 

measure the stability of water supply in these river basins, central tendency, and variability 

are used.  

 

                                                      
20 https://databank.worldbank.org/home.aspx. Accessed on March 15, 2020  

https://databank.worldbank.org/home.aspx
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Figure 4 shows the central tendency and variability of peak water flow for the 

Brahmaputra River Basins (BB) from 2012 to 2018.  It shows that mean peak water level 

19.37m (2012), 18.85m (2013), 19.26m (2014), 19.24m (2015), 19.41m (2016), 20.46m 

(2017), and 19.14m (2018) while the sum (Figure A in Appendix) of water flow was 310.03m 

in 2012 that rise to 429.86 in 2017 and 401.98m in 2018. Moreover, minimum, and maximum 

water flow demonstrates the water flow during the dry season and monsoon season 

respectively which reveals that water flow during the dry season is very low and monsoon is 

very high. This high difference between maximum points out unstable water supply and 

makes it difficult to fulfill water demand through this source. Another attribute is the standard 

deviation that points out that water flow is not stable. This high standard deviation means that 

the actual flow is far away (-/+) from the mean.   

 
Figure 4 shows some indicators that measure unstable water supply in the Ganges 

River Basin (GB) in terms of peak water flow. The first one is mean that began at 13.007m in 

2012 and reached 17.758m in 2017 and 16.7472m in 2018. It is a big difference between 

2018 and 2017 contrasted to 2012. The following indicator is the standard deviation, and its 

increasing trend indicates that river water flow is going more abnormal per year particularly 

in recent years (2017 and 2018) with respect to 2012. The third indicator is the sum (Figure A 

in Appendix) that commenced by 130.07m in 2012 and reached the highest 443.95m in 2017 

and the second highest 418.68m in 2018. However, the gap between maximum and minimum 

was 29.14m in 2012 and reached 69.95m in 2018 that more than double compared to 2012. 

This large extension of the gap is not a good sign for a stable supply of water for the basin 

people, aquatic, marine communities, and the economy.  
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Figure 4: Central Tendency and Variability for Observed Peak Waterflows in Brahmaputra, 

Ganges, Meghna, and Southeastern Basin during the period of 2012-2018 (Data Source: 

Flood Forecasting and Warning Centre, Bangladesh Water Development Board21)  

 

The water flow in the Meghna Basin (MB) is more stable than other basins in terms of 

standard deviation, range, and mean but big change shows in sum. The first measure average 

peak water flows less than 12m but more than 11m except 2012 while standard deviation 

ranges from 3m to 6m. However, the sum (Figure A in Appendix) of peak water flow 

increases significantly from 147.86m in 2012 to 310.45m in 2017 and 289.34m in 2018. 

Another significant change is in the difference between maximum and minimum indicates 

that widen the gap between monsoon and dry season water flow. For instance, it started with 

12.24m in 2012 and reached 20.5m in 2018. This extension of the gap is not a good sign for 

                                                      
21 http://ffwc.gov.bd/. Accessed on May 15, 2020  
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water supply from this river because it suggests increasing water supply during monsoon and 

a decrease in the dry season.                                                                                                                                                      

The central tendency and variability of the Southeastern Basin (SEB) in figure 4 show 

that no big change has been taking place regarding standard deviation while it takes place big 

in sum (Figure A in Appendix), the difference between the maximum and minimum peak 

water flow. The mean peak level of water flow was reduced by 7.07% in 2018 compared to 

2012. The volume of peak water flow ranges from 87.43m to 106.22m which is not a good 

sign. The range is started at 9.45m in 2012 and reached 18.36m in 2018 that is increased by 

94.29% compared to 2012. This high variability in peak water flow in the river basin along 

with erratic rainfall increases the probability of more reliance on groundwater that also 

responsible for causing a mismatch between demand and supply of water.   

 

1.4.2.2 Groundwater  

Groundwater is another main source of water. The use of this source is more intense 

during the dry season for fulfilling the demand than during the monsoon season. Easier 

accessibility and less expensive make this source more production and use than other sources. 

Due to these advantages, people are more reliant and overexploiting this source. This 

overexploitation makes this source no more reliable, and the groundwater table goes down by 

the time. Figure 5 presents the central tendency and depletion variability of groundwater in 

km3 in the whole country.  
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Figure 5: Central tendency and variability in groundwater depletion (Data Source: CSIRO, 

WARPO, BWDB, IWM, BIDS, CEGIS. 2014) 

 

Figure 5 shows the historical depletion of groundwater at different time intervals. The 

intensity of depletion of the country is very high and it is growing. The mean and median 

level of depletion enlarges by 100% and 132% in 2008-09 respectively compared to 1989-90. 

At the same time, total depletion (Figure C in Appendix) increased by 99.66% along with the 

range positively adjusted with 41.49% in 2008-09. All of these attributes indicate the 

intensity of growth in groundwater exhaustion. This depletion reduces the availability of 

water for different sectors and makes it more challenging to meet up the demand.   

1.4.2.3 Rainfall  

Rainfall is one of the main weather factors that indicate climate change and also one 

of the main sources of water. A deeper understanding of rainfall variability in Bangladesh can 
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help to address the demand and supply gap of water in different periods over the year. Figure 

6 points out that a major portion of rainfall takes place in JJA (June July and August) and 

SON (September October and November) period and remaining in DJF (December January 

February) and MAM (March April May) period. It is assumed that JJA and SON are called 

“wet” whereas DJF and MAM are “dry” seasons. Figure 6 postulates that the wet and dry 

seasons is getting more and less rainfall since mean rainfall in wet and dry season increases 

and decreases by 119.94mm and 84.13mm respectively in 2011-2015 compared to 1991-

1995.  

 

Figure 6 presents the central tendency and variability of rainfall over the period. The 

mean rainfall in 1996-2000 period changed by 43.71mm (DJF), 278.06mm (MAM), 

804.40mm (JJA), 340.25mm (SON) compared to 1991-1995 while it negatively changed by 

23.89mm (DJF), 219.09mm (MAM), 1044.15mm (JJA), 242.79 mm (SON) in 2011-2015 

compared to 2006-2010.  
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Figure 6: Observed central tendency and variability of rainfall (mm) in 1991-1995, 1996-

2000, 2001-2005, 2006-2010, and 2011-2015 (Data Source: World Bank Group Climate 

Change Knowledge Portal22)  

 

The gap between minimum and maximum rainfall in each season is extending over 

the period that indicates a rise in intensity. It also demonstrates that precipitation is going less 

evenly distributed over the season and more erratic day by day. Moreover, between 1996 and 

2000, the standard deviation changed by 8.31mm (DJF), 125.50mm (MAM), 151.69mm 

(JJA), 178.67mm (SON) compare to 1991-1995. At the same time, it negatively changed by 

4.71mm (DJF), 52.31mm MAM), 263.50mm (JJA), 2.87mm (SON) in 2011-2015 compared 

to 2006-2010. In addition, the sum (Figure D in Appendix) of rainfall in 1991-1995 is 

285.64mm (DJF), 2222.85mm (MAM), 6288.35mm (JJA), and 2591.01mm (SON) but 

changes by 125.69mm (-), 294.95mm (-), 1092.05mm (+), 492.06mm (-) in 2011-2015 

                                                      
22 https://climateknowledgeportal.worldbank.org/download-data. Accessed on April 21, 2020  
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respectively. This high level of rainfall variability (annually and interannually) in terms of the 

gap between the maximum and minimum volume, intensity, standard deviation, and total 

volume affects the stable supply of water.   

 

1.5 The climate-induced extreme events on water supply and resources 

1.5.1 Flood    

Flood is a rainfall-driven climate-induced problem in Bangladesh. The probability of 

occurrence of rainfall driven climate hazards (e.g., flood) is getting higher and higher due to 

change in the pattern of rainfall that adversely affects the hydrological process. To determine 

the impact of floods and to address it needs to understand the pattern and intensity of flood. 

Figure 7 shows the flood-affected areas (in km2) in five years time span from 1987 to 2018. It 

points out that flood is more intense than the past. It can be assumed that if flood-affected 

areas crossed 30,000 km2 or 20% of total areas of the country it can be considered extreme 

floods. With this indication, figure 7 shows that the country faces extreme floods in every 

period except 1999-2003 and 2009-2013 after 1986. Moreover, if we consider maximum 

value as an extreme flood indicator with the assumption, it attributes that country faces 

extreme flood in every period at least once in the entire period. 

 

Figure 7 presents the central tendency and variability of flood-affected areas.  The 

mean and median flood-affected areas in the 1994-1998 period changed by 2664.4km2 and 

3400km2 compared to 1987-1991 while 13341.4km2 and 7125 negatively change in 2009-

2013 contrast to 2004-2008. Moreover, the mean and median levels of flood positively adjust 

with 22083.4km2 and 20670km2 in 2014-2018 compared to 2009-2013 respectively. The 

difference between minimum and maximum indicates the scale of the flood. It began with 

86470km in the first period and change by 11780km2 in the second period. In addition, it 

negatively moves by 66550km2 and 31975km2 in 1999-2003 and 2009-2013 respectively 
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related to the respective previous period. This high level of floods severely affects the water 

supply through contaminating water sources and damaging water supply infrastructure.   

 

 Figure 7: Central tendency and variability of flood-affected areas (km2) during the period 
between 1987 and 2018 (Data Sources: Flood Forecasting and Warning Centre, Bangladesh 
Water Development Board23).  

 

1.5.2 Salinity Intrusion  

Different levels of salinity in soil, surface water, and groundwater are tolerable for 

vegetation, crops, and aquatic communities. For instance, soil salinity level 4 dS/m24 is 

within the range of tolerance for crops and vegetation (SRDI, 2001). For surface water, an 

electric conductivity of 5 dS/m considers as bearable for freshwater vegetation and aquatic 

communities as per the national standard of Bangladesh. However, the salinity level in 

groundwater is 600mg Chloride is acceptable but ESCAP/UN (1987) recommended 

1000mg/l of Chloride equal to a threshold level of 2 dS/m. Table 2 shows the central 

tendency and variability of the salinity level in soil, surface, and groundwater in coastal 

Bangladesh.  

                                                      
23

  http://ffwc.gov.bd/. No data for 1994. Accessed on May 15, 2020 
24
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Table 2: Central tendency and variability of Salinity Level in Soil, Surface, and Groundwater 

in Coastal Bangladesh (Data Source: PDO-ICZMP, 2003) 

Salinity Level (dS/m)  

 
Soil  Surface Water Ground Water  

Mean 8.65598 4.65265 2.78414 

Median  6 3 1.33 

Standard Deviation 5.16367 3.65507 3.03973 

Minimum 1.33 1.33 1.33 

Maximum 20 13.3 13.3 

Sum  1272.43 683.94 409.27 

 
 

Table 2 shows the mean and median soil salinity level is 8.656 and 6 dS/m 

respectively. These values indicate that soil is not suitable for crops and vegetation. In a large 

part of the region, people cannot cultivate their land due to salinity. The difference between 

the maximum and minimum soil salinity levels (18.67 dS/m) points out that a major part of 

land shifted into barren and will add more in the coming future. However, the mean surface 

water salinity level (4.65 dS/m) is within the tolerant level (5 dS/m) for freshwater vegetation 

and marine communities. If we add the standard deviation (3.65 dS/m) with this mean value 

that crosses the limit that indicates that some places where surface water is not safe for 

freshwater vegetation, and maritime society.   

 

However, the value of mean groundwater salinity level (2.78 dS/m) beyond the 

tolerant level (2 dS/m) for vegetation and aquatic communities. The gap between the highest 

and lowest level (11.97 dS7m) demonstrates that the salinity level in groundwater is high in 

some places that severely damage the quality of groundwater and makes it unusable. This 

high level of salinity penetrates to a lower level or no salinity and converts the lower level 

into a high level and no salinity to lower-level salinity. In this way, it is possible to facilitate 

the salinity problem and it will go beyond the coastal region of the country. In this context, 

analysis by the different periods in terms of areas and class of salinity will give a clearer 
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picture and provide evidence about the overall situation of salinity regarding the conversion 

of low salinity area into high salinity area, and growth of salt-affected areas in coastal 

Bangladesh.   

  

Figure 8: Central tendency and variability of salinity affected areas (000’ha) in Bangladesh 
(Data Source: Soil Resource Development Institute25)   
 

Figure 8 shows the central tendency and variability of salt-affected areas in the coastal 

belt of Bangladesh. The total (Figure E in Appendix) areas of salinity increased from 

8,33,450ha in 1973 to 1,020,750ha in 2000 and 1,05,6,260ha in 2009. It demonstrates that 

salt-affected areas increase by 22.47% in 2000 and 26.73% in 2009 compare to 1973.  In 

1973, there were some districts where there are no salinity problems but in 2000 and 2009 it 

increased to 1.19ha and 0.72ha respectively. Furthermore, mean salt-affected areas increased 

by 10.400ha in 2000 compared to 1973 while 1.972ha in 2009 connected to 2000. The 

                                                      
25

http://srdi.portal.gov.bd/sites/default/files/files/srdi.portal.gov.bd/publications/bc598e7a_df21_49ee_882e_0302
c974015f/Soil%20salinity%20report-Nov%202010.pdf. Accessed on June 15, 2020 
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standard deviation and maximum salinity areas grew up by 5.900ha and 8.830 in 2009 

respectively related to 1973. With this salt-affected area, the division of areas as per the class 

of salinity can give more understanding regarding the salinity areas in the coastal Bangladesh.   

 

Figure 9 points out the salinity areas in terms of salinity classes in the coastal setting 

of Bangladesh. The first issue is that the salinity area is increasing. For instance, the mean 

area of salinity was 15.965 in 1973 and reached 18.25 in 2009 while the sum (Figure F in 

Appendix) increased from 287.37 to 328.43 in the same period for Salinity Class (S1). On the 

other hand, the mean level of S2 reduced from 23.69 to 15.23 in 2009. It can reasonably 

assume that S1 salinity areas converting into S2. To get a more specific understanding, we 

want to see two more Salinity Classes S3 and S4.   

 

 
Figure 9: Observed central tendency and variability of Salinity Class S1, S2, S3, and S4 in 
three periods 1973, 2000, and 2009 (Data Source: Soil Resource Development Institute26)  
 

Figure 9 shows that the mean level of S3 increased from 4.35 to 19.59 while the 

range27 of salinity affected areas increased from 34.5 in 1973 to 69.72 in 2009. More 

importantly, the areas of S3 increased by more than four times in 2009 compared to 1973. 

                                                      
26

 
http://srdi.portal.gov.bd/sites/default/files/files/srdi.portal.gov.bd/publications/bc598e7a_df21_49ee_882e_0302c9
74015f/Soil%20salinity%20report-Nov%202010.pdf. Accessed on June 15, 2020 
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Both indicators in S3 demonstrate that salinity-affected areas are converting from lower 

levels to higher levels of salinity. However, mean, and total areas (Figure F in Appendix) 

were 2.21 and 39.9 but rise to 4.84 and 87.14 in 2000 respectively for S4. In the next nine 

years, the mean level and total areas increased by 1.15 and 14.78 respectively in 2009 that 

highlights the high intensity. Moreover, maximum areas of S3 and S4 rise from 34.5 and 14 

to 69.72 and 30.57 in 2009 compared to 1973. It indicates that areas of these salinity levels 

more than doubled during that period. Therefore, some factors are responsible for increasing 

this salt-affected area with this high intensity. Tidal fluctuation is one of them.  

 
1.5.2.1 Tidal Movement  

 
Tidal movement is the fluctuation between high and low levels of water in the coastal 

region. To analyze data regarding the tidal movement in coastal settings it can be categorized 

as regular tidal movement (between 0.3m-1m), high tidal movement (1-2m), and very high 

tidal movement (2m). The latter two are most responsible for causing saltwater intrusion 

and floods that deter water supply. To calculate the tidal movement in coastal Bangladesh 

0.3m considers as the threshold value. There are 63 subdistricts out of 147 falls in the range 

between 2.38-3.07m tidal movement. Figure 10 presents a histogram of tidal movement in 

coastal Bangladesh. It demonstrates that the major part (42.85%) of coastal Bangladesh is in 

the very high tidal movement category. However, 46 and 38 out of 147 subdistricts fall in the 

high tidal and regular tidal movement category respectively. The latter is a less responsible 

factor for water crisis than the former, but climate change can change the equation and turn 

the regular tidal movement into high and high can shift to a very high tidal movement area 

category. 
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Figure 10: Observed Tidal Movement in Coastal Bangladesh (Data Source: Soil Resource 
Development Institute28)  
  

 

1.5.3 Temperature   
 

To analyze historical data regarding temperature in Bangladesh, this study uses 

central tendency and variability that give a better understanding regarding monthly 

temperature over the year. It also gives a clear picture concerning the distribution of 

temperature over the period. To compare the monthly temperature over the year, data divide 

into five periods that is the first (1991-1995), second (1996-2000), third (2001-2005), fourth 

(2006-2010), and fifth (2011-2015) period.  

 

Figure 11 reveals that temperature is not in a similar pattern during the period (1991-

2015). The mean and median temperature escalates by 0.91 and 0.9536 degrees Celsius in 

2006-2010 compared to 1991-1995 respectively. At the same time, mean and median 

temperature levels decline by 0.88 and 1.08 in 2011-2015 connected to 2006-2010. The 

temperature variation is increasing since the difference between the minimum and maximum 

increases by 1.5427 and 0.1676 in 2011-2015 compared to 2006-2010 and 1991-1995 

                                                      
28

http://srdi.portal.gov.bd/sites/default/files/files/srdi.portal.gov.bd/publications/bc598e7a_df21_49ee_882e_0302
c974015f/Soil%20salinity%20report-Nov%202010.pdf. Accessed on June 21, 2020 

http://srdi.portal.gov.bd/sites/default/files/files/srdi.portal.gov.bd/publications/bc598e7a_df21_49ee_882e_0302c974015f/Soil%20salinity%20report-Nov%202010.pdf
http://srdi.portal.gov.bd/sites/default/files/files/srdi.portal.gov.bd/publications/bc598e7a_df21_49ee_882e_0302c974015f/Soil%20salinity%20report-Nov%202010.pdf
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respectively. The water demand facilitates since temperature variation and average 

temperature increase.  The standard deviation also augments from 3.77 (1991-1995) to 3.90 

(2011-2015). Mean and median indicates the rising temperature while standard deviation and 

difference between highest and lowest imply high variation in temperature in month over the 

year.  

 

Figure 11: Central tendency and variability of temperature during 1991-2015 period  
(Data Source: World Bank Group Climate Change Knowledge Portal29)  
 
  
1.5.4 Cyclone  

 
Due to global warming, cyclones are more intense and frequent that directly and 

indirectly responsible for the water crisis. Firstly, it damages the water management and 

supplies infrastructure that constraint the water supply. Secondly, it pollutes water (e.g., 

facilitating saltwater intrusion through flooding and storm surges). Figure 12 presents the 

central tendency and variability of maximum wind speed of cyclone that attributes to 

intensity of cyclone. This intensity of cyclones is held responsible for damaging water 

supply, management infrastructure, and pollutes water that causes scarcity of water.  

                                                      
29

 https://climateknowledgeportal.worldbank.org/download-data. Accessed on March 15, 2020  
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Figure 12: Observed central tendency and variability in maximum wind speed of Cyclone 

throughout 1988-2020 (Data Source: World Bank30) 

 

The result in figure 12 shows that the mean and median wind speed rises by 22.16% 

and 21.21% in 2015-2020 compared to 1988-1995. Maximum wind speed also facilitates by 

19.17% in 2015-2020 connected to 1988-1995 while range positively adjusted with 21.03% 

in the same period. Moreover, minimum wind speed also rises from 64.75 to 74 in 2015-

2020. It is reasonably assumed that when maximum wind speed above 150km/h it considers 

as an extreme level cyclone. With this assumption, we can observe that during the first 14 

years five extreme level tropical cyclones take place where the average speed is 192.03km/h. 

During the last 14 years, five cyclones hit the country where the average wind speed is 

223.1km/h. It implies that the intensity of cyclones increased significantly in the latter 

compared to the earlier. The mean, median, standard deviation, maximum, and minimum 

wind speed of extreme level cyclone imply the rise of intensity.  

                                                      
30

  https://datacatalog.worldbank.org/dataset/cyclone-dataset. Accessed on May 27, 2020 

 

0

50

100

150

200

250

300

Mean Median Stan. Dev. Minimum Maximum

1988-1995 1997-2002 2007-2013 2015-2020

https://datacatalog.worldbank.org/dataset/cyclone-dataset


 

 60 

 

1.5.5 Sea Level Rise  

Several contributing factors are responsible for changes in sea level that include the 

expansion of seawater by melting glaciers and ice sheets due to global warming. This study 

includes four stations such as Hiron Point, Khepupara, Cox’s Bazar, and Char Changa to 

measure sea level. Figure 13 shows that mean and median sea level rises by 73.55cm and 

80cm in 1999-2003 compared to 1983-1986 respectively at Hiron Point. At the same time, 

the difference between the maximum and minimum sea-level goes up by 112cm in 1999-

2003 in contrast to 19983-1986. This difference is continuously increasing except 1987-1990 

at this station. In addition, the standard deviation increased by 42.556cm in 1999-2003 related 

to 1983-1986.   

 

Figure 13: Observed Sea level (cm) at Hiron Point Station (Data Source: Permanent Service 
for Mean Sea Level31) 

  

Figure 14 displays the central tendency and variability of ocean levels in Khepupapra 

station. The result shows that sea level heightens following the preceding period. For 

                                                      
31

 https://www.psmsl.org/data/obtaining/. Accessed on July 25, 2020  
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instance, mean sea level increased by 58.2cm, and 70cm, 90.05cm in 1984-1988, 1989-1994, 

and 1994-1999 respectively connected to 1979-1983. Moreover, the median sea level goes up 

by 298cm in 1994-1999 compared to 1979-1983 while the maximum level goes up in the 

same way by 302cm. On the contrary, standard deviation goes down by 53.696cm in 1994-

1999 compared to 1979-1983. It implies that sea level rises more steadily in recent times in 

this station. It attributes that sea level is continuously and steadily goes up in this station.   

 

Figure 14: Observed Sea level (cm) at Khepupara station (Source: Permanent Service for 

Mean Sea Level) 

 

Figure 15 exposes that the average sea level increased by 16.8cm in 1995-2000 

respect to 1979-1983 while the median sea level adjusted by 17cm at Cox’s Bazar station. 

This station is steadier than the other station concerning the mean, median, and standard 

deviation of sea-level rise. At the same station and time, the maximum water level in the 

ocean enhances by 17cm in 1995-2000 related to 1979-1983 while standard deviation 

positively evolves by 0.34.  
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Figure 15: Observed Sea level (cm) at Cox’s Bazar Station (Source: Permanent Service for 

Mean Sea Level) 

 

Figure 16 presents the central tendency and variability of sea level at Char Changa 

station for the period between 1979 and 2000. It reveals that mean and median sea level goes 

up by 169.2cm and 103cm in 1995-2000 compared to 1979-1983 accordingly. Standard 

deviation and range also positively adjust with 35.16cm and 130cm in 1995-2000 connected 

to 1979-1983. This central tendency and variability of sea-level rise in this station attribute 

that it rises more intensely. This rise is not stable and climate change will make it more 

unstable in the coming future. The overall scenario of sea-level rise is that sea level rising 

continuously and intensely. This rise will facilitate by climate change and create a more 

complicated situation for water resources in Bangladesh. It is high time to take steps to 

address and act to mitigate the impact that arises from it.  
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Figure 16: Observed Sea level (cm) at Char Changa Station (Source: Permanent Service for 

Mean Sea Level)  

 

1.6 Concluding remarks  

This study and its underlying research objective are to find out factors that contribute 

to rising water demand, the response of water sources to fulfill this demand, and the impact of 

climate extreme events on water resources in Bangladesh. The applicable context and hazard 

data have been discussed and analyzed with the specific context of Bangladesh in mind. 

Climate-induced challenges restrict stability and reduce water supply while demand goes up 

for the entire sector.  

 

Economic development, urbanization, and population growth cause more demand for 

water. The total population and urban population have grown 1.35% and 3.70% per year over 

the last 21 years in Bangladesh while the growth rate of GDP growth was more than six 
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percent over the last ten years. These are the major responsible factors for growing water 

demand in the country. For this growing demand, the supply side is under stress to fulfill this 

demand.    

 

The supply side of water includes surface and groundwater. Surface water attributes 

to river water and rainfall. The water supply of these sources is not stable and shrinking. 

Water supply from different river basins decreased periodically. For example, the mean level 

was 19.37m, 12.32m, 12.69m in 2012 of Brahmaputra, Meghna, and Southeastern Basin 

respectively, and go down by 0.23m, 1.19m, and 0.89m in 2018. At the same time, the 

median level also goes down by 1.72m, 1.81m, and 0.98m in those basins in 2018. However, 

the water supply through rainfall is not stable. From 1991 to 1995, mean level rainfall was 

57.12mm in DJF, 444.57mm in MAM, 1257.67mm in JJA, and 518.20mm in SON and it 

reached 31.99mm, 385.58mm, 1476.08mm, and 419.79mm respectively in 2011-2015. It 

implies that rainfall incurs more in JJA and less in the remaining period of the year.  

 
Groundwater is another major water supplier and its depletion rate doubled within two 

decades (1989-2009). The average depletion was 2.455km3 in 1989-1990 that rise to 4.90km3 

in 2008-2009. However, the intensity of the depletion rate is very high except North-West 

region. South Central is the most affected region in terms of depletion rate growth where it 

increased by 232.00% in 2008-09 compared to 1989-90 (Figure B in Appendix). The 

following is South-East where exhaustion rise by 192.23% while in the North-East region 

dwindling grows by 156.03% (Figure B in Appendix). At the same time, the groundwater 

reduction goes up by 124.29% and 110.51% in 2008-09 in the South-West and North Central 

region compared to 1989-90 respectively (Figure B in Appendix). However, North-West is 

more noticeable than the other regions in terms of volumetric groundwater depletion. It 

started with 6.67km3 in 1989-90 and reached 10.39km3 in 2008-09 (Figure B in Appendix).   
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The intensity of climatic disaster's impact on water resources is increasing. From 1988 

to 1993, mean and median flood-affected areas were 37094km2 and 28600km2 and reached 

45738km2 and 47200km2 in 2014-2018. For cyclone, the mean and median level of 

maximum wind speed was 135.51 and 122.1 in 1988-1995 that go up by 30.03 and 25.9 in 

2015-2020 respectively. Salinity level in soil (8.65 dS/m), and groundwater (2.78 dS/m) in 

coastal settings exceeded the tolerant level (<4 dS/m for soil and 2 dS/m for groundwater) for 

vegetation, crops, and aquatic communities. In addition, salt-affected areas and the areas of 

different salinity classes are also increasing. For example, salt-affected areas increased by 

222.81 in 2009 compared to 1973 while the mean areas of S4 rise from 2.22 in 1973 to 5.99 

in 2009. At the same time, the average area S3 also increased by 15.24.  

 
Sea level rises in the different stations in Bangladesh. At Hiron Point, the mean and 

median level of sea level was 7048.25cm and 7049cm in 1983-1986 and reached 7121.8cm 

and 7129cm in 1999-2003. Moreover, at Khepupara, the mean and median sea level was 

6822cm and 6838cm in 1979-1983 and reached 7149.25cm and 7136cm in 1994 -1999 

respectively. From 1979 to 1983 mean and median sea level was 6839.4cm, 6878cm, and 

7009.6cm and 6981cm in 1995-2000 respectively at Char Changa. Therefore, these extreme 

events are directly and indirectly affected the demand and supply of water as well as affect 

total water resources systems in Bangladesh.  

 

The lessons learned from this study have broader implications for climate-vulnerable 

countries outside the context of Bangladesh. For instance, the salinity level, and intensity of 

the cyclone are not only increasing in coastal Bangladesh but also possible to extend in the 

Indian coastal region. They also need to make more effort to tackle the water crisis issues that 

arise from those issues. It also highlights that climate-related extreme events are more 

frequent and intense in the recent past as well as will be more in the future that urge to take 



 

 66 

more actions to manage demand and supply of water. In addition, it helps to find out which 

climate-induced extreme events are more severe than the others that can use to prioritize the 

action.  

 

The study demonstrates that traditional sources of water are more vulnerable to the 

climate change effect so that it urges to find alternative sources and use of water, emphasize 

reuse of available water, and be more effective and efficient in water resource management 

and governance. For instance, rainfall can be a good alternative source of water and can be 

used through rainwater harvesting as Bangladesh is one of the most rain-intensive countries. 

At the same time, high variability in rainfall due to climate change over the year also needs to 

take into consideration. Using this source of water can reduce the impact of high variability in 

rainfall. Before the formal application of the rainwater harvesting system, it needs to find out 

whether it is a resilient approach in terms of recovery, stability, and resistance. It also needs 

to identify the factors that contribute to the economic benefit of rainwater harvesting through 

econometric analyses for coastal settings particularly, in Bangladesh. Otherwise, it will be 

either too late or early to consider it as an alternative source of water to address the mismatch 

between demand and supply of water and save the economy and people from disastrous 

effects.   
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Appendix  

Figure A:  Peak Water Level at Different Basins (Sum and Range)  

 

Figure B: Groundwater Depletion by Region  
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Figure C: Groundwater Depletion (Sum and Range)  

 

 

 

Figure D: Rainfall Distribution (Sum and Range)  
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Figure E: Salt Affected Areas (Range and Sum)  
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Figure F: Different Classes of Salinity (Sum and Range)
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Chapter Two 

Factors Influencing Economic Benefit of Rainwater Harvesting: An 

Econometric Analysis 

 

Abstract 

Sustainable water resources management is one of the significant factors in achieving 

sustainable development goals and alleviating poverty. Since sustainable development is a 

multidimensional concept, it is influenced by different factors like water access, poverty, 

socioeconomic development. Rainwater collection and use are ways to ensure sustainable 

water resources management and increase water access where formal water suppliers fail to 

address the water crisis. This research explores what key factors influence the economic 

benefit of rainwater harvesting using Ordinary Least Square regression on primary data 

collected from 1040 households at a subdistrict of southwestern Bangladesh. Six factors have 
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been measured the price of water, age of rainwater harvesting, the total cost of rainwater 

harvesting, storage capacity, number of children, and income. It is the first kind of empirical 

research that connects rainwater harvesting, economic advantage, and econometric analysis. 

The empirical result shows that income (1.253***), storage capacity (49.425***), price of 

water (80669.9***), age of rainwater harvesting (8740.16***), and total cost (1.649***) have 

positive correlation with economic benefit while the number of children (-3501.90***) has a 

negative. It concluded that economic benefit from rainwater harvesting could be improved by 

including in water management policy or different policies for rainwater harvesting, 

particularly for the rain-intensive country. Moreover, it can be a tool to alleviate poverty and 

achieve sustainable development goals through increasing water access. However, context 

specificity and multidimensionality is the limitation of this study.   

 

Keywords: Bangladesh; econometric; economic benefit; ordinary least square; poverty 

alleviation; rainwater harvesting; rain-intensive country 

 

2.1 Introduction  

The southwestern region of Bangladesh is highly vulnerable to climate change effects 

and water crises. Mongla subdistrict of Bagerhat is one of them where around 65% of people 

live below the poverty line, and the literacy rate is only 57.20%, while the country’s average 

is 73.91%. Moreover, in this region, 63% of households have access to water year-round 

while the country’s average is 97% and 88.9% of households use other sources (e.g., 

rainwater) of water, whereas only 4.4% have tube well and 6.6% have access to tap water 

(LCBCE, 2014). Thus, they face triple challenges such as water crisis, poverty, and climate-

induced extreme events.* These challenges are interlinked to each other and force them to 

live in poor socioeconomic conditions. Therefore, it is difficult to lift people out of poverty 

without mitigating climate change and addressing the water crisis problem. For this purpose, 
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it needs to find out an economically beneficial and decentralized water supply system in 

addressing the water crisis problem. In this context, this study focuses on finding the factors 

that influence the economic benefit of an alternative water supply system (rainwater 

harvesting).   

 

Finding the factors that influence the economic benefit of an alternative water supply 

system in addressing the water crisis problem is a local, regional, and national level challenge 

in Bangladesh. Building up the capacity of a reliable water supply system for the community 

is one of the significant challenges at the local, regional, national, and international levels 

(Daniel and Tan, 2019). Many households in Mongla rely on local water traders in supplying 

water, particularly in the dry season. However, water supply from water traders is limited due 

to their limited financial strength, lack of freshwater sources, climate-induced extreme events, 

and transportation problems. As a coastal area, households face more challenges in receiving 

a sufficient volume of water through formal and informal channels. For these reasons, 

Bagerhat is one of the water crisis-prone coastal districts of Bangladesh, where 63.4% of 

people use improved drinking water sources while the country’s average is 97.9% (GoB, 

2014). Mongla is one of the subdistricts of this district. Improving water access in this region 

needs integrated effort and considers the solution beyond the traditional water supply system.  

  
Climate-induced concerns have facilitated the water crisis problem, which encourages 

new water crisis mitigation with existing resources and technology. Community people, 

government, international leaders, and NGOs (Non-Government Organizations) have been 

looking to address water crisis problems through reliable, economically viable, easy to 

maintain, and stable water supply systems like rainwater harvesting systems (Akter and 

Ahmed, 2015). Rainwater can be collected from the rooftop or in open space through this 

system. The collected rainwater can use, stored, and reserve for the future, either 
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underground or above the ground. Gupta et al. (1997) defined rainwater harvesting as a 

method for inducing collecting, using, storing, and conserving local surface rainwater for 

agriculture, while Oweis et al. (2012) found three components of rainwater harvesting, 

namely catchment, storage facility, and a target. To increase the availability of water for 

domestic use and agriculture purposes, inhabitants in the arid and semi-arid regions have 

developed and built different kinds of rainwater harvesting systems such as ponds and pans, 

dams, terracing, percolation, tanks, and Nala bands (Adham et al. 2016; Oweis et al. 2012).  

 
This paper organizes as follows: section two about the theoretical background of this 

study. In this section, an extended literature review was conducted based on the water as an 

economic good and its valuation, the economic benefit from water, and the economic 

feasibility of rainwater harvesting for irrigation, domestic, and industrial purposes. Section 

three is about the methodology applied in this study. Tools for data collection, determination 

of sample size, econometric model, robustness check specifications, multicollinearity, and 

heteroskedasticity test are presented in this section. The following section presents the 

empirical results concerning the factors that determine the economic benefit of rainwater 

harvesting. It includes the estimation of the model, how subcomponents of total economic 

benefit correlated with the explanatory variables, proof of hypotheses, policy implications of 

this study for poverty alleviation and achieving Sustainable Development Goals (SDGs), and 

robustness check for ensuring structural validity of core regression coefficient. Policy 

implications are drawn in section five. Section six provides a discussion and concluding 

remarks. 

  

 

2.2 Conceptual Framework  
 

2.2.1 Water as an Economic Good and Its Valuation  
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Hope et al. (2020) observe that water has and will remain an economic and political 

good and most of the policies acknowledge it. It implies that in major cases, the policy 

acknowledges water as economic and political goods. In economic terms, it can be a common 

pool resource, private and the public good, and challenging to measure its physical, political, 

and economic attributes, but it is crucial (Garrick et al., 2015; Hanemann, 2006). Hanemann 

(2006) states that water can be considered as an economic good with distinctive features 

including (i) mobility; (ii) variability in time and location; (iii) discrepancy in quality, 

uncertainty, and timing; (iv) combination of public and private goods properties; (v) 

importance in consumption and production. Countries have substantial economic incentives 

to attain a considerable volume of water (Ansink and Houba, 2015).     

 

  Several efforts have been made to measure the value of water that range from the 

willingness to pay, participatory process, and ecosystem services (Kenter et al. 2016), but 

they are not sufficient and encounter challenges to determine, confirm, and perceive the 

entire dimension of social, economic, environmental, and cultural benefits (Garrick et al. 

2017) of water.  

 

Rogers et al. (2002) determine the economic value of water as the sum of the value of 

return inflow, the net value of crop output, the value of water in non-irrigated use, and the 

value of other societal objectives. Rogers et al. (1998) state that sustainable and efficient use 

of water depends upon the match between price and supply, environmental and external 

economic costs. Garrick et al. (2017) provide four key criteria for sustainable management of 

water resources: i) Measurement; ii) Decision-making; iii) Governance; and iv) Valuation. 

They argued that unsustainable use of water (e.g., over-extraction, change in land 

management and use) might reduce the economic value of water by degrading natural capital. 

Natural capital is a dynamic metaphor that attributes the importance of Earth’s biotic and 



 

 87 

abiotic natural resources, and it performs as society’s fertility base and is competent to 

provide socially important services (Fenichel et al., 2016).  

It needs to determine the price of natural capital to measure the benefit that arises 

from using it. An insufficient measurement tool to determine the prices in appraising natural 

capital stocks makes it difficult to assess the contribution of natural capital in social benefit, 

cost analyses, and the accounts used to measure social progress (Arrow et al., 2012; Hamilton 

et al. 1999; UN 2014). Moreover, Hanley et al. (2015) analyzed the theory of natural capital 

prices in wealth indices and found the paucity of approach or theory to measure.  

Although several non-market valuations, flood protection projects, cost-benefit 

analysis of irrigation and hydropower studies were conducted, mere attention was given to 

the multiple perspectives and distribution issues (Garrick et al., 2017). Hope et al. (2020) 

found that seasonality of water has been acknowledged but not adequately addressed in 

pricing and infrastructure choices of water supply. Grafton et al. (2017) and Hope et al. 

(2020) argued that to address spatial and inter-temporal trade-offs between alternative uses of 

water, policymakers are supposed to consider a broad range of choices that include 

maintaining and investing in water supplies, evaluation of water values across alternative 

uses to identify and resolve water misallocations, and demand-based water conservation 

measures (e.g., water pricing).  

Water is an economic and political good, and people need to pay an economic price. 

The economical price is what an individual pays per unit for any goods or service they 

receive, representing monetary units (Grafton et al. 2020). To make payment for water, it has 

different payment mechanisms such as monthly fee, pay-as-you-fetch, no payment, pay-

when-break, and pay as per demand (Hope et al. 2020). However, households who used water 

for economic activities such as small-scale irrigation and livestock watering would make 
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more regular payments for water (Foster and Hope, 2016; Hope et al., 2020) since these 

activities generate income and make them affordable to pay.  

Affordability is a key determinant of pricing (Hutton and Andres, 2018), and setting 

up a reasonable price is challenging (Hope et al., 2020). Beecher (2020) proposed an all-

inclusive pricing model that attributes design cost-based rates for different use of water 

(resource management), acknowledge public functionality in cost allocation (scope 

economics), limit the service rather than disconnection (water security), provide a 

fundamental use allowance for entire households (public health), and determine a minimum 

bill to property evaluation (capacity value). However, Hanemann (1997) provides four 

important normative criteria concerning water pricing: i) revenue cover costs; ii) relevant 

price signals; iii) transparent marginal costs of water supply; iv) costs of water supplies are 

based on actual costs instead of assumptions. Different studies with different approaches 

reveal different economic benefits that arise from water use in households, agriculture, and 

industry with different pricing mechanisms.    

 
 
 
 

2.2.2. Economic Benefit from Water  

Several studies were conducted on water resources management based on maximizing 

economic benefit. Wang et al. (2011) argued that economic development and total water 

demand are interlinked. They found that economic development leads to increasing domestic, 

ecological, and production water demand and total water demand influences water shortage 

rate that negatively influences economic development.  

 

Rosegrant et al. (2000) developed an integrated hydrologic-economic model to 

determine the social and economic benefits of efficiency improvement and water allocation. 
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It was studied to determine the economic benefit for a single year of irrigation, ecological 

flows, and hydropower (Cai et al., 2002). However, Mayer and Munoz-Hernandez (2009) 

used a long-term model with a linear combination of sustainability criteria to optimize the 

ratio of marginal improvement in economic benefit. Finally, Cai et al. (2006) and Cai and 

Wang (2006) measured the water resources-economic model that comprised water resources 

and economic components. They figured out that economic benefits arise from water use in 

different demand management mechanisms.  

 

Beecher (2020) states that it is challenging to perceive a public service as more crucial 

than water and neutralize the social imperative to ensure access to water and sanitation 

services to households, communities, and individuals. Lack of access intensifies 

unidentifiable social, economic, and health inequality connected to race, income, and class 

(Beecher, 2020). Since the usefulness of water and the importance of water access, different 

communities use different approaches or local knowledge that are locally suitable to ensure 

their access or to address their water crisis.     

 
Lebel et al. (2006) argued that local knowledge (e.g., rainwater harvesting) could 

inform local actions, which central government cannot. It can contribute to the sustainable 

use of natural resources and work as a resilient approach for fighting climate change effects 

(Straza et al., 2018). Rainwater Harvesting can derive different benefits such as improving 

on-site soil water infiltration capacity, enhancing water storage, utilizing local surface runoff, 

and maintaining soil moisture during prolonged dry spells and drought, which can play an 

essential role in supplying water as supplementary sources during the critical stage of crop 

growing season that would be increased yield and ensure food and nutritional security 

(Abdullah and Rahman, 2015; Karpouzoglou and Barron, 2014) that makes the system 

economically feasible. To reform the national accounting, develop sustainability measures, 
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and track sustainable use of socioecological systems, it needs to move beyond rhetoric 

valuing of natural capital (Barbier, 2014; Dasgupta, 2009; 2014; Fenichel and Abbott, 2014; 

Stiglitz and Fitoussi, 2010; UN, 2014) and local knowledge.    

 

2.2.3 Economic Feasibility of Rainwater Harvesting  

The economic feasibility of RHS attributes the benefits that include environmental 

benefits and cost of other water supply options (Bichai et al. 2015; Scarborough et al. 2015) 

and water-saving alternatives (Devkota et al. 2013; Gato-Trinidad et al. 2010) against the 

whole range of costs such as training costs and ongoing maintenance cost of RHS (Harvey 

and Reed, 2003; Parry-Jones et al. 2001), and capital cost or fixed cost. Rogers et al. (2002) 

calculated the total economic cost of water as the sum of operation management costs, 

opportunity costs, capital costs, and pumping costs.  

 
Life Cycle Cost (LCC) is one of the major attributes to measure the economic 

feasibility of RHS installation. Amos et al. (2016) pointed out that LCC contrasts the flow of 

costs or investments and benefits that arise through discounting the flows to Net Present 

Values (NPV). This approach was used by Morales-Pinzon et al. (2014) in their model in 

terms of Cost-Benefit Ratio (CBR), NPV, Payback Period (PP), and Return on Investment 

(ROI).  

Matos et al. (2015) used NPV, payback period, and Internal Rate of Return (IRR) to 

analyze the financial practicality of RHS. They found that NPV ranges from $2, 

66,966.7932 to $2,54,667.18; the payback period is two to six years, and IRR is 23% to 

76%33. If they reduce the discount rate by 5% from 10%, then the payback period would be 

reduced by nearly one year and NPV would range from $4,13,372.79 to $4,29,904.21. 

However, the economic viability of rainwater harvesting relies on the volume of rainfall, 

                                                      
32 One Euro =US$1.1445  
33 The discount rate is 10% in both cases (payback period and internal rate of return)  
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water demand, area of catchment, storage capacity, and efficiency of collection and filter 

(Mun and Han, 2012). Liang and Dijk (2010) did a study in Beijing on the financial analysis 

of RHS. They used the cost-benefit analysis method and found cost-benefit ratio is 1.6 

(small), 2 (medium), and 2.5 (large). As the ratio in all three sizes of RHS is greater than 1, 

rainwater harvesting is economically viable. Cost is a critical component to measure the 

economic feasibility of RHS since higher cost needs higher benefits to make it economically 

sustainable.  

Iqbal and Hassan (2014) did a study at KUET34 regarding the cost of RHS and found 

that the authority of KUET spent BDT35 60,000 ($711.24) for 27,000 m2 rooftop and feasible 

for the population of 4550. Moreover, Islam (2017) found that 36.25% spend BDT 1000-

5000 ($11.85 - 59.27), 30% BDT 6000-10000 ($71.12 - 118.54), 2.5% BDT 11000-15000 

($130.39 - 177.81) and 1.25% in BDT 21000-25000 ($248.93 - 296.35). Islam et al. (2014) 

found that RHS requires $113.03 with one 1000-liter storage tank and this system is also 

suitable for 3 to 7 persons.  

 

Yuan et al. (2002) used the type of crops to determine the investment feasibility of 

RHS. They discovered that to maximize the value of an investment on RHS, potato is the best 

crop compared to corn and spring wheat. Moreover, Kumar et al. (2006) argued that local 

water harvesting systems are always small, and it is cost-effective since the economic, social, 

and environmental values of water are very high in the regions. However, change must be 

done to reverse the impact of climatic concerns like salinity intrusion.  

  
 

 

2.3 Methodology   
 

                                                      
34

 Khulna University of Engineering and Technology. 
35

 Bangladeshi Taka, 1 US$ = BDT84.36.   
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2.3.1 Research questions and hypotheses 

The unique features of the study site as well as above discussions regarding the water 

as an economic good, common-pool resource, valuation of water, the economic benefit from 

using water, and pricing of water, the present study focus on finding the factors that influence 

the economic benefit of rainwater harvesting in the household level. With these empirical 

results, the focal point of this paper on the research question: What factors positively or 

negatively impact total economic benefit arising from water use in households? The rainwater 

harvesting system is the supplier of this water that has been used in the household in the 

study site. To answer this question, this paper determined six independent variables:  total 

cost, storage capacity, income, price, number of children, and age of rainwater harvesting 

infrastructure. These independent variables have a significant impact on the dependent 

variable. To analyze the statistical impacts of these exogenous variables on the endogenous 

one, this paper formulated six statistical hypotheses. 

 

 

 

 

 

 

 

 

 

Table 1: Hypotheses of this research  

 Hypotheses  

H1 The total economic benefit is positively impacted by the cost36  

H2 Storage capacity has a positive impact on total economic benefit  

H3 The total economic benefit is negatively influenced by the number of children 

H4 Pricing has a positive impact on total economic benefit  

H5 Income has a positive impact on total economic benefit  

H6 Age of rainwater harvesting system has a positive impact on total economic benefit   

 

                                                      
36

 Higher cost helps to install bigger rainwater harvesting infrastructure. This larger infrastructure can collect more water 
that is the main component for increasing economic benefit. In this way, cost is positively related to economic benefit.  
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2.3.2 Determination of Sample Size   

The sample size is a critical issue for an empirical study. Without a reliable sample 

size, it is difficult to determine reliable research findings regarding the outcome of interest. 

Moreover, conclusions drawn from the findings may not demonstrate the practical situation 

for the entire population. In this context, it is critical to answer how large a sample size is 

required in this study?  Several authors developed a different formula to determine the 

representative sample size for proportion, such as Cochran (1977), Sing and Chaudhury 

(1985), and Mark (2005). Their focal point is to determine a sufficient sample size to evaluate 

the results that represent the whole population. Cochran’s developed two formulas (for 

infinite and finite) for determining the sample size. This study used Cochran’s equation to 

determine the sample size presented below:   

                                                  𝑛0 = 𝑧2𝑝  (1−𝑝)𝑒2                                                             
(1)  
 

where, n0 = size of sample; p = proportion of population (estimated) (assumed that 50% or 

0.5); e = margin of error (assumed that 0.03); z = 1.96 for 95% level of confidence. Note that 

this formula uses when population size infinite.    

 

Therefore, 𝑛0 = 1.9620.5 (1−0.5)0.032                 = 3.8416 (0.5) 0.50.0009 = 1,067  

 

Cochran (1977) pointed out that if the population is finite, it is possible to reduce the 

usual sample size and propose a slightly different formula to ascertain the culminating 

representative sample size for the population. The modified formula in determining the 

sample size is as follows:  

Adjusted sample size = 𝑛01+(𝑛0−1𝑃 )                         
(2) 
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Where P is the total household size of Mongla that is 32,383:  
 

Adjusted sample size: =  10671+(1067−1 32383 )  
 
Therefore, the sample size is 1,033.  
 
 

2.3.3 Data and Econometric Model Specification  

2.3.3.1 Data  

The economic feasibility, cost-benefit analysis, quality of collected rainwater through 

rainwater harvesting, rainwater harvesting at the public building, and technical feasibility of 

rainwater harvesting systems are widely studied. The discussion concerning cost-benefit 

analysis and economic feasibility have received attention in the last two decades since the 

sustainable development issue concern policymakers, scientists, and civil society. Although 

there is greater attention given to finding the economic feasibility of rainwater harvesting for 

agricultural production, there is no study conducted using household survey (level) data to 

determine the factors that influence economic benefit, but it is more relevant for determining 

economic decisions in the household.  

 

Therefore, this study focuses on the factors that determine economic benefit arising 

from the domestic use of rainwater in the household. Previous studies focus on the macro-

level; a) build up a dam and store rainwater there and use by the whole community; b) create 

canal and store rainwater and use it by the community; c) rainwater used only for irrigation; 

d) they tried to find out whether RHS is economically feasible for the community level or 

not. Those studies did not consider that every household does not have equal access to the 

canal or dam connected to the community to address the the water crisis. Besides, they 

concluded that rainwater harvesting is merely economically feasible. To determine the drivers 
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that affect the economic benefit of RHS for households, it needs to find the relation between 

exogenous and endogenous variables through using household-level data. It will help 

policymakers improve water access for households by improving the water supply system at 

the household level, not the community level.   

 

The study aims to estimate the factors that determine the economic benefits of 

rainwater harvesting for the household. The population of this study at Mongla Upazila under 

the Bagerhat district of Bangladesh. Data were collected from 1,040 households between 

August 08 and September 10, 2020, and from July 27 to August 8, 2019, through a structured 

household survey questionnaire. Data were collected by research assistants (e.g., male and 

female) and the researcher himself. Each of the interviews takes around 25-30 minutes. A 

stratified sampling technique was employed to choose a household based on applying a 

rainwater harvesting system in the household. In the study site, every third household is 

selected if the household applies rainwater harvesting to address the water crisis. The 

interpretative variables in table 2 show the economic, demographic, and social factors.   

 

 

Table 2: Econometric factors for measuring the determinants of economic benefit of 

rainwater harvesting   

Variable Description Source 

Total Economic Benefit Author’s Calculation 

Age of Rainwater Harvesting System  Household Survey 

Number of Children  Household Survey 

Storage Capacity  Household Survey 

Total Cost  Author’s Calculation 

Income  Household Survey 

Price  Author’s Calculation 
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Total Economic Benefit: The specific variable indicates that the direct economic 

benefit arises from using a rainwater harvesting system to address the water crisis in the study 

site. Access to water is vital for reducing health expenditure and increasing the income and 

employment status of the household (Islam, 2018).   𝑇𝑜𝑡𝑎𝑙 𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝐵𝑒𝑛𝑒𝑓𝑖𝑡 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑌𝑒𝑎𝑟𝑠 ∗  𝐴𝑛𝑛𝑢𝑎𝑙 𝐵𝑒𝑛𝑒𝑓𝑖𝑡  𝐴𝑛𝑛𝑢𝑎𝑙 𝐵𝑒𝑛𝑒𝑓𝑖𝑡 = (𝐴𝑛𝑛𝑢𝑎𝑙 𝑊𝑎𝑡𝑒𝑟 𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛) ∗ 𝑃𝑟𝑖𝑐𝑒 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟 (𝑝𝑒𝑟 𝑙𝑖𝑡𝑟𝑒 ) 𝐴𝑛𝑛𝑢𝑎𝑙 𝑊𝑎𝑡𝑒𝑟 𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛=  𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑇𝑖𝑚𝑒𝑠 𝑡𝑜 𝑓𝑖𝑙𝑙 𝑢𝑝 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑡𝑎𝑛𝑘 ∗  𝑆𝑡𝑜𝑟𝑎𝑔𝑒 𝐶𝑎𝑝𝑎𝑝𝑐𝑖𝑡𝑦   
 

Price of Water (per litre) = 𝑃𝑟𝑖𝑐𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑓𝑜𝑟 30 𝑙𝑖𝑡𝑟𝑒30  

 

Age of Rainwater Harvesting System: This variable expands the history of rainwater 

harvesting in the coastal setting of Bangladesh. The coastal people face triple challenges that 

include poverty, extreme climatic events, and water crisis. They apply different types of local 

knowledge to address their challenges, like the water crisis. In this context, rainwater 

harvesting has a long history in the study site to address the water crisis. Moreover, their 

socioeconomic disadvantage and extreme climatic events make it more difficult to attract 

public and private investment in addressing their water crisis. The variable represented the 

number of years in using rainwater harvesting settlement in that specific household and 

expected a positive coefficient on the total economic benefit.   

 

Number of Children: This variable constitutes the number of children in a specific 

household. The number of children (male and female) influences the economic benefit of 

particular rainwater harvesting infrastructure. It may have a negative correlation with total 

economic benefit.  
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Storage Capacity: This variable indicates the storage capacity of the household for 

collection and using the rainwater. This variable can provide indirect information about the 

total economic benefit and cost of the rainwater harvesting infrastructure. In this case, a 

positive coefficient is expected in the least square regression model.  

 

Total Cost of Rainwater Harvesting System: This particular variable stipulates the 

total cost to build up and maintain a rainwater harvesting infrastructure in the household. It 

covers different types of costs, such as fixed costs and variable costs. Fixed costs are one-

time costs in the lifetime of the infrastructure, and variable cost is the cost incurred per year. 

Moreover, the total variable cost is the sum of variable costs for the lifespan of the 

infrastructure up to now. A positive impact on the total economic benefit of this variable is 

expected. It implies that a positive change in the cost would positively change economic 

benefit. For example, if the household can extend storage capacity by installing a new storage 

tank, then their water supply will rise. This enhancement in water supply positively affects 

economic benefit since water is the main ingredient for economic benefit. 

  𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 = 𝐹𝑖𝑥𝑒𝑑 𝐶𝑜𝑠𝑡 + 𝑇𝑜𝑡𝑎𝑙 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝐶𝑜𝑠𝑡 𝐹𝑖𝑥𝑒𝑑 𝐶𝑜𝑠𝑡 = 𝐶𝑜𝑠𝑡 𝑓𝑜𝑟 𝑅𝑎𝑖𝑛𝑤𝑎𝑡𝑒𝑟 𝐻𝑎𝑟𝑣𝑒𝑠𝑡𝑖𝑛𝑔 𝐼𝑛𝑓𝑟𝑎𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒 𝑇𝑜𝑡𝑎𝑙 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝐶𝑜𝑠𝑡 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑌𝑒𝑎𝑟𝑠 ∗ 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝐶𝑜𝑠𝑡 𝑃𝑒𝑟 𝑦𝑒𝑎𝑟 

 

 

Income: Income represents the household economic attributes that may positively 

impact the total economic benefit. It has seasonal variations based on the profession. For 

example, fishermen have more income during the monsoon than in the summer. However, 

farmers have more income during summer than in the monsoon.   
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Price: Price is the monetary unit paid by the household for buying water from the 

local water traders. It is expected that this parameter has a positive coefficient on the total 

economic benefit. The local water traders sale water through a gallon.37 They charge a 

different price for this volume of water based on distance, season, and difficulty to reach the 

household.  

 

 

2.3.3.2 Econometric Model Specification:  

The valuation of water for various sectors (e.g., household, industry, and agriculture) 

studies by natural resource economists and price-demand relationship function use for 

valuing residential water use (Mayer and Munoz-Harnandez, 2009). The water consumption 

equation is:  𝑄𝑅 = 𝑓(𝑝, 𝑠, 𝑥) + 𝑢                                                                     
(3) 

 

Where QR is the household water consumption (the dependent variable), p is the price 

of water in residence, s is the supply of water, x is the household characteristics (e.g., number 

of children, income, etc.), and u is the error term. The error term was added to estimate the 

unobservable errors in the variables. In most cases, the function f has been selected to be 

linear in the parameters. With this price, demand, and household features relationship in 

equation 3, the residential water use determines by the other household attributes such as 

weather (temperature, rainfall), size and composition of the household, size of the garden 

(Arbues et al. 2003; Worthington and Hoffman, 2008). Under this assumption, we can derive 

an equation for this study expressing the total economic benefit that arises from using 

                                                      
37

 A 30 liter plastic container. 
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rainwater harvesting as a supply of water as a function of various factors. Based on function 

(3), we can extend and specify it for this study as:  

 𝑦 = 𝑓(𝑥1, 𝑥2, 𝑥3, 𝑥4, 𝑥5, 𝑥6) + 𝑢                                                                                                (4) 

 

where, y = total economic benefit, X1= Total Cost of Rainwater Harvesting System, X2=Age 

of Rainwater Harvesting, X3=Number of Children in the Household, X4 = Storage Capacity, 

X5 = Income and X6 = Price of Water 

To determine the factors that influence the economic benefit of rainwater harvesting 

for the household, an econometric model is applied. The economic benefit that arises from 

using rainwater harvesting is a linear function of economic, social, and demographic 

parameters. Using the endogenous and exogenous variables exposed above, the following 

model is adopted where exogenous variables likely affect the magnitude of total economic 

benefit.  

 𝑇𝑜𝑡𝑎𝑙 𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝐵𝑒𝑛𝑒𝑓𝑖𝑡 =  𝛽0 + 𝛽1 (𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑅𝑎𝑖𝑛𝑤𝑎𝑡𝑒𝑟 𝐻𝑎𝑟𝑣𝑒𝑠𝑡𝑖𝑛𝑔  𝑆𝑦𝑠𝑡𝑒𝑚) +𝛽2(𝐴𝑔𝑒 𝑜𝑓 𝑎𝑖𝑛𝑤𝑎𝑡𝑒𝑟 𝐻𝑎𝑟𝑣𝑒𝑠𝑡𝑖𝑛𝑔  𝑆𝑦𝑠𝑡𝑒𝑚) + 𝛽3(𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶ℎ𝑖𝑙𝑑𝑟𝑒𝑛) +𝛽4(𝑆𝑡𝑜𝑟𝑎𝑔𝑒 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦) + 𝛽5(𝐼𝑛𝑐𝑜𝑚𝑒) + 𝛽6(𝑃𝑟𝑖𝑐𝑒) + 𝜀                                                                     
(5) 

 

This econometric model relates to the components of the modeling framework 

specified by Ringler et al. (2006). They state that the modeling framework has three 

components: economic components (e.g., determination of benefits from water use), 

hydrological components (e.g., reservoirs), and economic incentives and institutional rules 

that impact the hydrological and economic components. Letcher et al. (2004) developed a 

similar short- and long-term decision model that attributes policy, economic, and hydrologic 
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components. Islam (2011) argued that this model is based on maximizing net profits (e.g., 

economic benefit) from residential, agricultural, and industrial water use. In this study, the 

water storage tank represents the hydrological components, economic benefits represent the 

economic components, and focus on the economic benefit arising from residential water use. 

Summary statistics are presented in table 3.   

 

Table 3: Summary statistics of endogenous and exogeneous variables in the model 

Variable Mean Median S.D. Min Max 

Total Economic Benefit 71065.00 53025.00 62858.00 1600.00 567000.00 

Total Cost of Rainwater 

Harvesting System 

6916.00 6000.00 44354.00 500.00. 36000.00 

Age of Rainwater 

Harvesting System 

8.02 7.50 3.49 1.00 25.0 

Number of Children 1.976 2.00 1.29 0.00 8.00 

Storage Capacity 1013.00 1000.00 615.60 50.0 7000.00 

Income 5851.00 5500.00 2867.00 1000.00 20000.00 

Price  0.909 1.00 0.158 0.330 1.33 

Source: Author’s calculation  

 

2.3.3.3 Multicollnearity:  
 

The correlation analysis assessed the presence of multicollinearity between the independent 

variables adopted in the model. Provided the correlation values of the coefficients of the 

independent variables in figure 1 are smaller than ±0.20, it can assume that no 

multicollinearity problem exists in the most number of independent variables (Weinberg and 

Carmeli, 2008).  Figure 1 indicates that there is a weak collinearity exists between storage 

capacity and total costs. Since the correlation is less than 0.9 so that it is not a problem.  
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According to Wooldridge, (2012: 123) ‘when we say that multicollinearity arises for 

estimating j when R2
j is “close” to one, we put “close” in quotation marks because there is 

no absolute number that we can cite to conclude that multicollinearity is a problem’. From 

this point of view, correlation is not extreme level so the model is still unbiased and overall 

model fit does not affect.  

Figure 1: Correlation Matrix

 
 

Source: Author’s calculation  

 

2.3.3.4 Heteroskedasticty Test   

To determine whether it has heteroskedasticity or not, the Lagrange Multiplier 

Breusch-Pagan test was performed. Table 4 presents the Breusch-Pagan test for 

heteroskedasticity. If it fails to accept the null hypothesis, which indicates that the unit 

effects' variance is significantly different from zero, White’s heteroskedasticity-consistent 

standard errors are performed as the solution for heteroskedasticity. This test leaves the OLS 

coefficients unaffected.   

 

 

 

Table 4: Breusch-Pagan test for heteroskedasticity  
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Dependent variable  scaled uhat^2 

Explained sum of squares 3305.87 

Lagrange Multiplier Statistics   1652.933 

P-value = P (Chi-square (6)>1652.933) 0.000000 

 

The statistical results of the LM Breusch-Pagan test are presented in table 4 and show 

that large LM statistics are associated with a small p-value (below 0.05 or 5%) that indicates 

we reject the homoscedasticity.   

 

2.4 Empirical Results 

 

The Ordinary Least Square (OLS) method applied to test the statistical hypotheses 

elaborated in Table 1. This method is used to determine the impact of the exogenous 

variables on the total economic benefit at the household level. These independent variables 

are the total cost of rainwater harvesting, age of rainwater harvesting in the particular 

household, number of children, storage capacity, income, and price of water. A least square 

regression analysis inaugurated a description of the regression model, measured the 

parameters of the model, and assessed the certainty of the results.  The determination of the 

parameters, the correlation between variables and residual analysis, and the model's validity 

are epitomized in table 5, model 1.  The most significant regressor is the price, where for 

every additional positive change in price, the economic benefit increases by 80669.9, holding 

all other variables constant. However, Model 2 in Table 5 shows the result of 

Heteroskedasticity-corrected model.    

 

We calculate our model in model 1 in table 5 but report the heteroskedasticity 

corrected model in model 2 in table 5. Some of the estimates have more and fewer 

coefficients and standard error values so that we can make a comparison between the usual 
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standard errors and standard errors with a heteroskedasticity corrected model. The usual 

standard errors in the parenthesis of model 1 in table 5 while standard errors of 

heteroskedasticity corrected model in the parenthesis of model 2.  

 
Several changes are noticed in the heteroskedasticity corrected model in model 2 table 

5. Firstly, the variables that are statistically significant by using p values are still statistically 

significant using the p values, but their coefficient and standard errors are different. For 

example, the coefficient of storage capacity and the number of children increases by 2.259 (-

0.374) and 2500.4 (-424.217) respectively while the coefficient of price and total cost of RHS 

shrinks by 29328.9 (-3095.25) and 0.986 (-0.102) for heteroskedasticity model compared to 

baseline model presents in model 1.  Secondly, standard errors for the heteroskedasticity 

corrected model (model 2) go down for all variables. Thirdly, the goodness of fit (R2) 

improved by 0.041 for heteroskedasticity corrected model 2 compared to baseline model 1. 

From this point of view, we can conclude that no important assumptions or conclusions in 

terms of magnitude or statistical significance level are overturned by using the 

heteroskedasticity corrected model.  

 

Considering the output in table 5, model 1, it can be concluded that the entire 

variables used in the model were statistically significant at the 95% level of confidence since 

the p-values less than 0.05. Moreover, the value of R-squared is 0.669, which entails that the 

variability of the exogenous variables illustrates 66.90% of the variability of the endogenous 

variable. Therefore, all six statistical assumptions are valid, the model was correctly 

specified, and the economic benefit and studied factors of rainwater harvesting were 

significant indicators of the economic feasibility of rainwater harvesting at the household to 

address the water crisis problem.  
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Table 5 model 1 comprises the result of the OLS for the correlation between 

economic benefit and explanatory variables. The number of children negatively and 

significantly affects the economic benefit of the household arising from rainwater use. 

However, storage capacity, age of rainwater harvesting, price, income, and the total cost is 

positively and significantly correlated with the dependent variable. Our estimation confirms a 

statistically significant relationship between economic benefit and household socioeconomic 

and decentralized water supply system (rainwater harvesting).  

 

 

Table 5: OLS Model for economic benefit of rainwater harvesting with different 

specifications and Heteroskedasticity-corrected model. 

 Model 1 Model 2  Model 3 

Constant −134313*** 

(7694.48) 

−92107.7*** 

(4429.54) 

−132021*** 

(9173.0) 

Total Cost of Rainwater Harvesting System 1.649***(0.3

07) 

0.663*** 

(0.205) 

1.673*** 

(0.308)  

Age of_Rainwater Harvesting System 8740.16*** 

(338.215) 

6308.04*** 

(244.451) 

8776.75*** 

(340.073)  

Number of Children −3501.90*** 

(894.532) 

−1001.50** 

(470.315) 

−4088.49*** 

(1114.09) 

Storage Capacity 49.425*** 

(2.201) 

51.684*** 

(1.827) 

48.630*** 

(2.225) 

Income 1.253*** 

(0.407) 

1.489*** 

(0.248) 

1.355*** 

(0.425) 

Price  80669.9*** 

(7146.40) 

51341.0*** 

(4051.15)  

79630.2*** 

(7234.13) 

Land    168.358 

(128.589) 

Age    11.875 

(138.428) 
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Household Head (Male=1, Female=0)   −998.213 

(3479.11) 

Education    −363.292 

(272.877) 

R-squared  0.669 0.710 0.669 

Observations  1041 1041  1041 

Standard errors in the parentheses. ***p<0.01, **p<0.05, *p<0.1  

 

Model 3 in table 5 is for controlling the socioeconomic attributes of the household. In 

this model, the explanatory variable total cost rose by 0.024 while the age of the rainwater 

harvesting system increased by 36.59. At the same time, storage capacity decreased by 0.795. 

Controlling these variables indicates a positive association between total economic benefit of 

rainwater harvesting and age of respondent, land ownership while negative with the 

household head by male and education of the respondent. The positive relation of age implies 

that older people can obtain more economic benefits than young people, while land 

ownership indicates the economic position of the household. Therefore, the more land for the 

household is more economic benefit of rainwater harvesting. However, there is no change in 

sign and significant level and the level of dependent variable explained by explanatory 

variable. 

  

For the first hypothesis, the positive and significant coefficient evaluates for Total 

Cost of the Rainwater Harvesting System in OLS that provide a degree of support. Here, total 

cost acts as an investment in the water supply that contributes to poverty alleviation and 

socio-economic development. It incurs a rise in water supply in the household, which 

positively contributes to economic gain. Moreover, the economic gain contributes to 

alleviating poverty. Investment, water supply, and poverty alleviation are interlinked in this 

context. The result indicates that increased cost positively contributes to economic benefit 
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and alleviates poverty. This result is consistent with Haller et al. (2007), Carter and Bevan 

(2008), and Hanjra and Gichuki (2008), where they found that every US$1 investment in 

water supply provides economic return between US$ 5 and US$ 45 with the highest return in 

the least developed countries that can contribute to alleviating poverty. This result is also 

consistent with Sadoff et al. (2015) and Deng et al. (2004).    

 
In terms of the second hypothesis, the coefficients estimated for the Age of Rainwater 

Harvesting System is positively and significantly correlated with total economic benefit. This 

result postulates that increasing the life of a particular rainwater harvesting infrastructure 

positively contributes to obtaining economic gain. This condition makes the household use 

the existing infrastructure as long as possible to extend the benefit. The result in model 1 in 

table 5 indicates that economic benefit of rainwater harvesting infrastructure increases 

economic BDT 8740.16 per year. This result is consistent with Karim et al. (2015), who 

observed a positive connection between the economic efficiency of rainwater harvesting and 

greater project life.  

The third hypothesis found that the number of children has a negative and significant 

coefficient with the dependent variable. This negative correlation attributes that more family 

member reduces the total economic benefit. To maintain the economic benefit, it needs to 

increase storage capacity. This negative correlation due to the more family member the 

households have the less financial capacity they have for rainwater harvesting. The OLS 

result shows that reducing a family member could add BDT38 3501.90 as an economic benefit 

from harvesting rainwater. A household with high family members needs a bigger storage 

capacity. It implies that the policymaker needs to consider the family member to decide the 

                                                      
38 Bangladeshi Taka  
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contribution to raising the household's water access. The bigger family needs more water than 

the smaller family.  

Concerning the fourth hypothesis, the OLS regression result stipulates a positive and 

significant correlation between total economic benefit and storage capacity. This positive 

relationship attributes that if the household increases storage tank size, their total economic 

benefit will increase. This result is consistent with Karim et al. (2015),, who found a positive 

relationship between monetary savings and tank size (storage capacity). However, rainwater 

harvesting can fulfil domestic water demand from 50% to 90% in Australia (Cook et al. 

2013), Poland (Slys and Stec, 2019), United States (Basinger et al. 2010), Taiwan (Lin et al. 

2019), Greece (Londra et al. 2015) with storage capacity between 5m3 and 76m3. At the 

same time, collected rainwater can meet up a domestic water demand of 145% in Jordan with 

a larger storage tank size (Awawdeh et al., 2012). Therefore, it implies positive relation 

between storage capacity and water supply. Therefore, it is correctly assumed that more water 

supply attributes more economic benefit. In this context, the result is consistent with those 

studies.  

 

Regarding the fifth hypothesis, the coefficient of OLS regression estimates a positive 

and significant price. The estimates come up with extending support. This positive 

connection stipulates that rising in price will positively contribute to the economic benefit of 

rainwater collection and use. It will encourage the household to use more rainwater instead of 

using contaminated water (e.g., salinity and arsenic) available in the surrounding water 

sources. This is a contrary result for Grafton et al. (2020), where they argued that there is a 

negative relationship between price and benefit. This is consistent with the previous study of 

Farreny et al. (2011), Fletcher et al. (2008), and Rahman et al. (2010), where they found a 

positive connection between water price and the economic feasibility of harvesting rainwater. 
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It implies that raising water prices will make rainwater harvesting more economically 

feasible.  

 

In respect of the sixth hypothesis, the household income level has a positive and 

significant correlation with economic benefit arising from rainwater harvesting and use. It 

implies that the more income the household has, the more economic benefit from rainwater 

use. It exposes the connection between investment capacity in rainwater harvesting and 

economic benefit out of it. We can assume that families with higher income have a more 

substantial financial capacity to invest in the water supply system. More investment brings 

more economic benefits. It elaborates that the wealthier household has more financial 

strength to extend the economic benefit of rainwater harvesting. This result is consistent with 

Sadoff et al. (2015:45), where they observed that ‘water-related investments can increase 

economic productivity and growth, and economic growth can provide the resources to 

finance capital-intensive investments in water-related infrastructure. It is also consistent with 

Lovei (1992). 

  

Therefore, besides the relationship between explained and explanatory variables, it is 

possible to disintegrate the explained variable and see whether the relations between each of 

these variables to the explanatory variable bring the same result regarding sign and 

magnitude. In this part of this study, we disentangle the dependent variable and investigate 

the effect of explanatory variables on each of these variable components. We separate the 

total economic benefit into four components: annual economic benefit, price, annual water 

collection, and storage capacity. Using the original dataset obtained by the household survey 

to investigate four outcomes of interest: annual economic benefit to the explanatory variables, 

price to explanatory variables, annual water collection, and storage capacity to the 

independent variable. Are these four outcomes of interest exhibiting the same result 
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estimated? Table 6 model 1 shows the first outcome of interest: the annual economic benefit 

and independent variables.  

We first analyze the driving factor for the explained variable to understand the 

conditions. Households get more economic benefit who could obtain more annual economic 

benefit. This annual economic benefit relies on storage capacity. At the same time, the other 

variety of factors, namely price, total cost, and age of rainwater harvesting, may multiply the 

annual economic benefit.  

 

Table 6: OLS model for annual economic benefit, price, annual water collection, and storage 
capacity  

 

  Model 1 Model 2 Model 3  Model 4  

Const −7698.52*** 

(744.834) 

0.924***  

(0.017) 

−8332.59*** 

(438.725) 

261.516** 

(108.405) 

Total Cost Rainwater 

Harvesting 

0.182*** 

(0.029) 

−0.000  

(0.000) 

0.022  

(0.017) 

0.073 *** 

(0.003) 

Age of Rainwater 

Harvesting System  

23.502 

(32.739) 

−0.002  

(0.001) 

1049.85*** 

(19.284)  

8.343* 

(4.771) 

Number of Children  −331.372*** 

(86.591) 

0.006*  

(0.003) 

45.576  

(51.004) 

32.469** 

(12.597) 

Storage Capacity  5.830*** 

(0.213) 

−0.000  

(0.000) 

8.352*** 

(0.125) 

 

Income  0.162*** 

(0.039) 

−0.000  

(0.000) 

−0.000 

(0.023) 

0.025*** 

(0.005) 

Price  9444.41*** 

(691.780) 

 −353.308 

(407.475) 

−38.088  

(100.959) 

R-squared  0.609 0.005 0.916 0.310 

Observations  1041 1041 1041 1041 

 Standard errors in the parentheses. ***p<0.01, **p<0.05, *p<0.1  

 

Table 6 model 1 provides the estimated OLS coefficients for annual economic benefit 

as the dependent variable. Using a standard OLS analysis of 1,040 households, this study 
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finds five statistically significant factors that alter annual economic benefits that change the 

explained variable. These five factors are the total cost of the rainwater harvesting system, 

number of children, storage capacity, income, and price. The regression result also shows that 

the sign and magnitude of coefficients are quite similar to the primary outcome. The number 

of children negatively influences the annual economic benefit arising from rainwater 

collection and use, which is the primary result. The only difference is in the age of RHS, 

where it is not statistically significant, and the magnitude of impact is less than the primary 

result.  

 
Household in the community is paying a different price for water that supply by local 

water trader in coastal areas of Bangladesh. In this study site, the price of water varies from 

0.33 to 1.33. This variation depends on several factors: availability of freshwater in 

surrounding freshwater sources, difficulty reaching the household, transport facility, extreme 

climatic events, seasons, and distance. The household located in hard-to-reach areas39 pays 

the highest price for buying water from local traders. Based on these factors, the different 

household pays different price of water in the same community. This price variation is mostly 

applicable during the dry season in which water demand is so high.  

 
The regression result presented in table 6, model 2 provides the estimated OLS 

coefficients for the price as the explained variable where one statistically significant factor 

positively changes the price of water. It is the number of children. However, coefficients in 

absolute values are different from the primary estimation. Moreover, the regression result 

also indicates that the sign and magnitude of coefficients are different. The total cost of RHS, 

age of RHS, storage capacity, and income negatively influence the price that is the opposite 

result compared to the primary result. Besides, storage capacity and total cost of RHS obtain 

                                                      
39 The household has located a place where very difficult to go. For example, the household is surrounded by water. So, it 
can not be reached by local mode of transport except the boat. Even the boat can not go there during low tide. During 
extreme events, nobody wants to go there.  
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the highest and the second-highest p-value respectively in this regression outcome. The result 

implies that price has the most significant impact on economic benefit. 

 

Thirdly, we analyze the annual water collection associated with the independent 

variable. Annual water collection of 1,040 households relies on storage capacity, the intensity 

of rainfall, frequency of rainfall, effectiveness in collecting water, availability of person at 

home during rain, and size of the house's rooftop. These are the significant factors that affect 

the volume of water collection. This water collection affects the economic benefit of 

rainwater cultivation for fulfilling domestic water demand in the household. Table 6 model 3 

shows the coefficients of annual water collection as a dependent variable for 1041 

households.     

 

In table 6 model 3, the OLS coefficients results exhibit the two statistically significant 

explanatory variables, namely age of RHS and storage capacity positively affect annual water 

collection. The sign of these two variables is quite similar to the primary result obtained but 

not concerning magnitude. Moreover, the total cost of RHS and the number of children have 

positive correlation coefficients but are not statistically significant and different in size. In the 

primary result, the number of children is negatively correlated, but here it is positive. It 

implies that water collection is positively associated with the number of children. Therefore, 

more children stipulate more annual water collection. However, income and price derive 

negative coefficients with annual water collection, which is entirely dissimilar to the 

estimated model.  

 

The storage capacity to cultivate rainwater relies on household income, willingness to 

buy and install rainwater harvesting infrastructure, and water demand. With these factors, the 
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different household has different storage capacity. For this reason, they have different 

economic benefits arising from rainwater harvesting.  

 

The regression result obtained in table 6 model 4 shows several statistically 

significant variables in different confidence intervals that positively correlate with storage 

capacity. It includes the total cost of rainwater harvesting infrastructure, income, number of 

children, and age of RHS. We find one variable that has a negative correlation, that is price.  

The number of children has positive coefficients with storage capacity. It implies that several 

children in the household urge the family head to enhance the storage capacity. From this 

point of view, we can assume that households install more water collection tanks as more 

children in the family. As the family member increases, water demand also increases that 

may contribute to enhancing storage capacity.  

 

2.4.1 Differentiating by economic benefit group  

 
The model is re-estimated by differentiating between above and below median 

economic benefit. Since the household’s characteristics such as income, storage capacity, age 

of RHS is either positively or negatively influence the total economic benefit, it is reasonable 

to assume above median household group has a higher impact. Table 7 shows the same 

outcome as the assumption. The price and age of rainwater harvesting show significant 

improvement only for households above-median economic benefit while below-median 

households experience a substantial drop in these outcomes. In addition, the number of 

children attributes a significant rise for model 2, whereas model 1 shows a sharp decline. 

Moreover, total cost, storage capacity, and income expose a more considerable effect on 

economic gain for model 1 than model 2. More specifically, the total cost and storage tank 

has 0.77 and 37.23 more impact on economic advantage in model 1 than model 2.    
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Table 7: Differentiating between above and below median total economic benefit group  

 Model 1: 

Dep. Var.: Above Median 

Total Economic Benefit 

Model 2:  

Dep. Var.: Below Median 

Total Economic Benefit   

   

Const −155075***  

(15858.9) 

−18630.2***  

(3527.03)  

Total Cost of Rainwater 

Harvesting System 

1.57472***  

(0.465) 

0.840759***  

(0.153)  

Age_of_Rainwater Harvesting 

System 

9640.62***  

(576.951)  

2056.21*** 

 (188.957) 

Number of Children −5811.87***  

(1584.43)  

−760.670**  

(356.109) 

Storage Capacity 51.876***  

(3.421)  

14.6454***  

(1.281)  

Price 106780***  

(13121.4)   

19743.8*** 

(2901.42) 

Income 0.803  

(0.639)  

0.793***  

(0.191)  

R-squared  0.546 0.417 

Observations  520 520 

Standard errors in parentheses. p<0.10*, p<0.05**, p<0.001***.  

 

2.4.2 Differentiating by the total cost of RHS  

To the other outcome of interest, cost of water collection and use, number of children, 

and income attributes surge for below-median whilst the age of rainwater harvesting, storage 

capacity, and price increase for above-median in those outcomes. The storage capacity can 

cause positive benefits by around 51 and 40 for above and below median total cost household 
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category, respectively. The number of children and total expenditure shows a significant rise 

for the household category with the lower median. The period of rainwater using with current 

infrastructure influences economic gain by 11104.8 for model 1 and 6984.67 for their 

counterpart. However, the total cost has a more significant effect on real economic 

advantages for model 2 concerning model 1. It can correctly be assumed that the lower 

median household group is more efficient in deriving economic benefit from harvesting 

rainwater.   

 
Table 8: Differentiating between above median and below median total cost for installing 

rainwater harvesting  

 

 Model 1: 

Above Median Total Cost of 

Rainwater Harvesting System  

Dep. Var.: Total Economic 

Benefit 

Model 2: 

Below Median Total Cost of 

Rainwater Harvesting System  

Dep. Var.: Total Economic 

Benefit 

   

Const −175651***  

(14211.2) 

−97329.3***  

(7159.02)  

Total Cost of Rainwater 

Harvesting System 

0.968*  

(0.493)  

4.246***  

(0.767)   

  

Age of Rainwater 

Harvesting System 

11104.8***  

(618.660)  

6984.67***  

(288.662) 

Number of Children −5031.78***  

(1712.35) 

−1469.40** 

 (741.521) 

Storage Capacity 51.437***  

(3.262) 

40.2629***  

(2.774) 

Price 113506***  

(12336.0) 

49740.9*** 

 (6413.92) 

Income 1.156* 

(0.650)   

0.665  

(0.409)  
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R-squared  0.623 0.689 

 511 529 

Standard Error in parentheses. p<0.10*, p<0.05**, p<0.001***.  

 
 
 
 
2.4.3 Differentiating by storage capacity  

 

Concerning the outcome of interest in storage capacity, table 13 presents the above and below 
storage category households. The different results concerning the cost of above and below 
storage capacity households due to different outcomes' expenditures. Age of water harvesting 
significantly impacts both household types, but model 1 has a more significant impact. The 
number of children is significantly responsible for reducing economic gain for both 
categories. The economic benefit is more relying on income for model 2 households. It 
implies the household's income is more reliant on economic benefits arising from rainwater 
cultivation in the below-median tank size category. At the same time, the price has less 
influence on model 2 than model 1. It exhibits that economic gain is more influenced by price 
for model 1 than model 2. The financial gain from tank size is more impactful for model 2 
that is 27.76.       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 9: Differentiating between below and above median storage capacity category  
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Model 1: 

Above Median Storage Capacity 

Dep. Var.: Total Economic Benefit 

 

Model 2:  

Below Median Storage Capacity 

Dep. Var.: Total Economic 

Benefit  

   

Const −186820*** 

(16249.4) 

−99233.9***  

(5174.16) 

Total Cost of Rainwater 

Harvesting System 

2.030**** 

 (0.566) 

0.417*  

(0.228) 

Age of Rainwater Harvesting 

System 

12030.0*** 

(656.159) 

5684.94***  

(230.054) 

Number of Children −7625.54*** 

(1846.41) 

−838.078  

(572.970)  

Storage Capacity 43.176***  

(4.154) 

70.933***  

(3.395) 

Price 126046***  

(14601.8)  

51485.8***  

(4593.01) 

Income 1.083  

(0.716)  

1.471***  

(0.307)  

 0.597 0.737 

Observations  439 601 

 Standard Error in parentheses. p<0.10*, p<0.05**, p<0.001*** 

 

2.4.4 Differentiating by the life span of Rainwater Harvesting System  

 
Since the number of households whose below-median period of rainwater harvesting 

is lower than the above-median period, it can be assumed that above-median households’ 

economic benefit is more dependent. Therefore, the total expenditure for water harvesting, 

age of rainwater cultivation, storage tank size, price, and income have a higher impact on 

economic advantage in model 1, while the number of children is more impactful for model 2. 

More specifically, economic advantages are rising by 1.8, 8994.95, 63.69, 100174, and 1.65 

units through the outcome of the total cost, age, storage capacity, and income consecutively 
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for model 1. Nevertheless, the number of children reduces by 5997.86 and 896.886 for 

models 1 and 2, respectively.   

 

Table 10: Differentiating between below and above the median age of RHS  

Model 1: 

Above Median Age of Rainwater  

Harvesting System  

Dep. Var.: Total Economic Benefit 

Model 2:  

Below Median Age of RaH_Sys   

Dep. Var.: Total Economic 

Benefit  

   

Const −168976***  

(14699.3) 

−80180.4***  

(6431.95)   

Total Cost of Rainwater 

Harvesting System 

1.849***  

                          (0.462) 

1.06302*** 

(0.291)  

Age of Rainwater Harvesting 

System 

 

8994.95***  

(736.707)  

 

7133.20***  

(660.010) 

Number of Children −5997.86*** 

(1593.11) 

−896.886  

(649.591) 

Storage Capacity 63.696*** 

 (3.599) 

30.825***  

(1.784) 

Price 100174***  

(12028.3) 

 48669.7***  

(5491.76) 

Income 1.647**  

(0.728)  

1.183***  

(0.296) 

R-squared  0.621 0.622 

Observations  501 539 

Standard error in the parentheses. p<0.10*, p<0.05**, p<0.001***. 

 

2.4.5 Differentiating by Income 
  Estimated result in table 15 by differentiating income group postulates different 

context and magnitude in the outcome of interest. The number of children has a higher impact 

for above than below-median income families. Income outcome of interest significantly 
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declined and negatively correlated with benefit for model 2. It attributes that income is 

negatively associated with economic benefit by collecting and using rainwater. The reasons 

behind this may be lack of cooperation by the government in addressing the water crisis 

problem, income inequality high, the high-income group may rely on other sources (e.g., 

bottled water) of water, and governance problems. For example, poor and disadvantaged 

people should have more access to government support. In practice, they have less access, 

and nepotism distributes government support. In this context, their income does not improve, 

but as rainfall is a natural resource, they can easily benefit from it without government 

intervention. Table 15 presents that storage tank size, period, and total cost are more 

impactful in obtaining financial advantages for model 2 than 1. From this result, we can 

assume that less economically advantaged people are more efficient to use rainwater in 

bringing economic benefit. Their socioeconomic vulnerability may urge them to address their 

problem themselves.  
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Table 11: Differentiating by above and below median income group  

 Model 1: 

Above Median Income 

Dep. Var.: Total Economic 

Benefit 

Model 2: 

Below Median Income 

Dep. Var.: Total Economic 

Benefit 

   

Const −162063*** (11789.6) −111885*** (11486.8)  

Total Cost Rainwater 

Harvesting System 

1.522***  

(0.469) 

1.571***  

(0.410)  

Age of Rainwater 

Harvesting System 

8881.11***  

(482.923) 

9012.10***  

(495.235)   

Number of Children −4279.82*** (1288.34) −2377.56* (1289.08)   

Storage Capacity  47.7472 (3.010) *** 51.530*** (3.338) 

Price 102205*** (10489.0) 62914.5*** (9820.19)  

Income 2.594*** (0.743)  −1.952 (1.428) 

R-squared  0.675 0.664 

Observations  519 521 

. Standard error in the parentheses. p<0.10, p<0.05**, p<0.001*** 

 

2.5 Policy Implications 

 
According to Grafton et al. (2020), decision-makers worldwide face dilemmas in how 

to provide reliable water services that ensure basic human needs through maximizing the 

consumer surplus of water users. They also argued that it is a decision about extending and 

maintaining water supply and includes economic decisions regarding water pricing to 

consolidate equity, sustainability, and efficiency. Howver, Pandey et al. (2003) urge the 

research regarding economic implications of rainwater harvesting that one of the ways to 

supply water to households, industry, and agriculture. They state that neither water nor 

climate policy realizes the worth of rainwater. It needs to promote particularly in water stress 

and rain-intensive country. This study conducted in one of the rain-intensive countries and 
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the high-water stress areas within the country. Rainwater collection and use could play an 

important role to alleviate poverty and achieving sustainable development goals (SDGs). The 

rainwater harvesting policy needs to combine poverty alleviation, economic development, 

and SDGs. Different countries, even different states, formulate and implement different 

policies regarding rainwater harvesting.   

 
Although India receives less than half annual rainfall compared to Bangladesh, every 

state has a rainwater collection and use policy. For example, rainwater harvesting is 

mandatory in all commercial and residential buildings irrespective of their size and type in 

Haryana and Tamil Nadu. Some states also provide a financial incentive for installing 

rainwater harvesting. For example, Madhya Pradesh applies a 6% rebate on property tax. 

However, Holland-Stergar (2015) studied the success and policies adopted in Australia, India, 

and the United States. The author found that financial investment, the cost to the consumer, 

and support from non-government organizations play an essential role in the success and 

adoption of the policy. The author recommended that policymakers encourage water 

conservation through rainwater harvesting by providing more financial incentives. They are 

also supposed to consider how the policy will incentivize and employ subsidy or rebate 

programs (Holland-Stergar, 2015). 

 

Policymakers and practitioners must realize the possibility of rainwater to enhance 

ecosystem productivity, economic development, agricultural production, and reduce 

vulnerability (Barron, 2009). The benefit from rainwater harvesting can end poverty and 

hunger, ensure gender equality, and environmental sustainability as the primary goal of SDGs 

(Barron, 2009). The author urges establishing and enabling policies, providing technical 

know-how and capacity-building training, and ensuring stakeholder consultation and public 

participation.   
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Meehan and Moore (2014) examine the formalization of RHS in the United States. 

They reveal 96 different rainwater harvesting policies across the country where elaborate 

some exciting facts; a) RHS legislation is relatively recent (2008-2012), updated building and 

landscape codes in which incorporate harvesting of rainwater; b) codified rain; c) most of the 

policies regulate micro-level harvesting which is suitable for the single household; and d) use 

markets base tools such as income tax credits, rebates, and other forms of financial incentives 

to formalize rainwater harvesting policy. The different state uses different mechanism to 

formalize policy. For example, the household in California gets US$1.00 per gallon of 

rainwater collection while in Arizona gets US$2000.00 that covers half of material and 

installation costs (Meehan and Moore, 2014). These rebates and incentives are also used in 

Australia and India to encourage people concerning rainwater use. For example, more than 

600000 Australian households received incentives or government rebates for rainwater 

harvesting materials like cisterns and barrels in 2010 (Australian Bureau of Statistics, 2010) 

while a 6% rebate on property tax at Madhya Pradesh, India40. Moreover, the state (Brisbane) 

mandated that new home construction have a rainwater catchment system (Haisman, 2005; 

Moglia et al., 2013).  

 

Therefore, legal tools are essential for addressing the water crisis, climate change 

impact, and drought (Bruch and Troell, 2011) through this decentralized system. However, 

although some countries have emphasized the importance of rainwater harvesting through 

formalizing, some are still neglecting its importance. For example, communities in South 

Africa have a long history regarding harvesting rainwater to solve the water crisis, but South 

African water-connected legislation does not give a concrete legal framework for adopting 

RHS (Kahinda and Taigbenu, 2011). However, Temesgen et al. (2016) observed a lack of 

                                                      
40

  http://www.rainwaterharvesting.org/policy/legislation.htm. Accessed on May 21, 2021 

http://www.rainwaterharvesting.org/policy/legislation.htm
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clear policy definitions in Ethiopia for rainwater use, while Pacheco et al. (2017) state that 

Brazilian policies regarding the regulation of rainwater are scattered. 

This study has good policy implications regarding economic benefit from better 

rainwater management/governance that can contribute to poverty alleviation and sustainable 

development. This study connects a decentralized water supply system to the economic 

benefit that can contribute to poverty alleviation and achieve sustainable development goals. 

Rainwater harvesting contributes to poverty alleviation directly and indirectly. The study 

reveals the connection between economic benefit and storage capacity, and the cost is 

favourable. Moreover, the connection between the above median income and total economic 

benefit is positive and significant. It implies that higher income means higher economic 

advantage. Moreover, Islam (2018) found that lack of water negatively influences 

employment and income opportunities as well as increases household expenditure. These 

connections attribute that the household with higher storage capacity, the cost for rainwater 

use, and income have a higher economic advantage for using rainwater. We can rightly 

assume that this economic advantage contributes to the economic development of the 

household. However, family with lower income has greater efficiency in strengthening 

economic gain through rainwater harvesting. Since this study connects economic benefits, 

cost, household income, and price of water, it needs to realize its full potential by 

accommodating and strictly implementing policy.  

 

Table (1) and (2) in the appendix show a list of rain intensive and water stress 

countries. Combining these categories (table 3 in the appendix), several countries are evolved 

which are rain intensive and face extreme to low-level water stress. This study can be the 

groundwork for identifying how rainwater can perform as an economical means to bring 

financial advantage to the household. Moreover, it can also lead to a policy implication in 
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reducing water stress and mismanagement of rainwater. Although this study takes place in 

low-level water stress country (Bangladesh), it is more applicable to the extreme (e.g., India) 

or high (e.g., Chile, Nepal, Albania) or medium to high (e.g., Guatemala, Peru, Indonesia, 

Venezuela, Thailand, Cuba, etc.), or low to medium (e.g., Philippines, Ecuador, Dominica, 

Haiti, etc.), or low (e.g., Colombia, Bhutan, Guinea, etc.) water stress country with high or 

medium intensive rainfall. A highly intensive level of rain would bring more economic 

benefit by using rainwater. To find the exact level of economic benefit from a different 

country, they can initiate a project to find economic feasibility and add in the policy to 

minimize rainwater mismanagement. In the near future, it will be more important due to 

climate change impact where rainfall will be more erratic, which facilitate water crisis.  

 

2.6 Discussion and Conclusion  
 

The growing demand for water in the entire sectors of the economy, high costs of 

evolving supplementary supply, and constrained supply have led to competition for present 

water resources (Booker et al., 2012). The scholars emphasized this issue almost forty years 

ago to realize the situation. For example, Randal (1981) featured the situation as leaving from 

an expansionary water economy to a mature water economy where benefits of evolving new 

water supply go beyond the limit of cost and contemporary supply costs go beyond the limit 

of benefit, respectively. In this study, rainwater harvesting is a mature water supply source 

that exceeds the cost.      

 
Several studies on developed and developing economies found that multiple benefits 

arise from rainwater harvesting on sustainable use of water, groundwater recharging, and 

increasing agricultural production. The positive effect of rainwater harvesting includes the 

constant increase of economic benefit of the household, increased investment in rainwater 
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harvesting for supplying water for household and agriculture since an economically feasible 

water supply system is crucial for socio-economic development. 

  

The most critical perspective of applying the economic benefit model is obvious 

household income and how rainwater harvesting contributes to that income directly and 

indirectly. Moreover, creating awareness is about how our local knowledge provides 

economic benefit to the household that contributes to the household income.  

 

The economic analysis applied in this paper elaborates the impact of exogenous 

factors, which are the factors that influence the economic benefit of rainwater harvesting. We 

hypothesized that hydrology factors have a strong and positive impact on total economic 

benefit at the household level and was confirmed by the result of the econometric model. 

Moreover, the validation of the six hypotheses and the descriptive analysis informed the 

interconnection between the hydrology factors and the usefulness of improving the economic 

benefit indicators from this model to implement and advance the sustainable use of rainwater 

for increasing household’s economic benefit. However, this research will facilitate the 

investment in rainwater harvesting, particularly in developing countries where the water crisis 

is a bottleneck for poverty reduction, climate change mitigation, and achieving SDGs.    

 
This research could be helpful for local, regional, and national public authorities 

involved in improving access to water for the household, increasing household income, 

poverty alleviation, and implementing water management policy. For instance, this study uses 

economic cost and benefit analytical tools valuable for evaluating public water policy 

proposals. It will help the policymakers identify what factors are needed to consider 

improving the water access for the marginalized people. Moreover, they can consider 

rainwater harvesting as a means of poverty alleviation, reaching SDGs, and minimizing 
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mismanagement of (rain)water.  According to the result in table 6, there is a positive 

correlation between storage capacity and economic benefit so that policymakers can 

emphasize how to enhance the storage capacity of the household to increase the water supply. 

This improvement of the water supply will reduce the cost of water for that household. 

Moreover, it is also helpful for the scientific communities interested in the interconnection 

between water, economic benefit, poverty alleviation, and household income.   

 
This analysis can be further developed by applying different variables to quantify the 

features of economic benefit, underlining the better evaluation and understanding the impacts 

derived from measures to implement the water and poverty alleviation policy. The policy 

needs to recognize rainwater harvesting as a tool for better rainwater management and 

governance in addressing the water crisis and as a tool for poverty alleviation and achieving 

SDGs. In this case, policies supporting rainwater harvestings such as microcredit loans 

targeted small farmers and financially disadvantaged groups, financial incentives for 

installing rainwater harvesting infrastructure and using rainwater, and making rainwater 

harvesting mandatory for residential and commercial buildings irrespective of size and 

location. These policies have proved as an effective tool that should be developed further.  

 
This study may also be supplemented by extending the analyzed geographical frame, 

collecting data by fieldwork, and using different statistical methods. To assess the factors that 

interact with the economic benefit of rainwater harvesting, the innovation of this research 

nests in the novelty outlook taken for a set of 1040 relevant households affected by the water 

crisis problem. The previous study focused on the economic benefit of rainwater harvesting 

from irrigation and hydrology.  

 
The regression analysis was based on the values of microeconomic indicators over the 

1040 households. Therefore, the principal limitation of this research is connected with the 
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number of observations and geographical focus. Hence, future research could extend the 

geographical focus and enlarge observations to affirm a better interpretation of the 

econometric model.    

 

Appendix 

 

Table 1: High and Medium Rain Intensive Country where rainwater harvesting can be an 

economically feasible option to supplement the existing water supply systems  

High Rain Intensive Country Parameter 

Colombia, São Tomé, Papua New Guinea, Solomon Islands, Panama, Costa 
Rica, Malaysia, Brunei, Indonesia, Bangladesh, Fiji, Sierra Leone, 
Singapore, Liberia, Guyana, Grenada, Philippines, Suriname, Seychelles, 
St. Lucia, Nicaragua, Ecuador, Trinidad and Tobago, Bhutan, Equatorial 
Guinea, Myanmar, Dominica, Puerto Rico, Jamaica, Venezuela, Mauritius 

If rainfall 
above 2000 
mm 

Medium Rain Intensive Country Parameter 

Guatemala, Honduras, Iceland, Cambodia, Lao PDR, Gabon, Vietnam, El 
Salvador, Brazil, Peru, New Zealand, Srilanka, Belize, Japan, Guinea, 
Thailand, Cameroon, Samoa, St. Vincent and the Grenadines, Guinea-
Bissau, Democratic Republic of Congo, Switzerland, Chile, Madagascar, 
Timor-Leste, Nepal, Albania, Haiti, St. Kitts and Nevis, Barbados, Norway, 
Dominican Republic, Ivory Coast, Central African Republic, Cuba, 
Uruguay, The Bahamas, South Korea, Burundi, United Kingdom, Rwanda, 
Ghana, Malawi, Uganda, Togo, Slovenia, Nigeria, Bolivia, Paraguay, 
Ireland, Croatia, Austria, India, Tanzania, Democratic Republic of Korea, 
Benin, Mozambique, Antigua and Barbuda, Bosnia and Herzegovina, 
Georgia, Zambia, Angola  

If rainfall 
less than 
2000 but 
more than 
1000 mm 
per year  

 

Table 2: Water stress country (Source: Hofste et al. 2019).  

Extremely Water Stress Country 

Qatar, Israel, Lebanon, Iran, Jordan, Libya, Kuwait, Saudia Arabia, Eritrea, United Arab 
Emirates, San Maurino, Bahrain, India, Pakistan, Turkmenistan, Oman, Botswana   

High Water Stress Country 

Chile, Cyprus, Yemen, Andorra, Morocco, Belgium, Mexico, Uzbekistan, Greece, 
Afghanistan, Spain, Algeria, Tunisia, Syria, Turkey, Albania, Armenia, Burkina Faso, 
Djibouti, Namibia, Kyrgyzstan, Niger, Nepal, Portugal, Iraq, Egypt, Italy   

Medium to High Water Stress Country 

Thailand, Azerbaijan, Sudan, South Africa, Luxemburg, Australia, Tajikistan, Macedonia, 
South Korea, Bulgaria, Mongolia, China, Guatemala, Estonia, France, Kazakhstan, 
Mauritania, Germany, Lesotho, Denmark, Indonesia, Peru, Venezuela, Cuba   

Low to Medium Water Stress Country 

North Korea, Romania, United States, Zimbabwe, Dominican Republic, Haiti, Japan, 
Angola, Srilanka, El Salvador, Tanzania, Netherlands, Ecuador, Lithunia, Philippines, 
South Sudan, Ukraine, Poland, Chad, Senegal, United Kingdom, Georgia, Nigeria, 
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Argentina, Czech Republic, Russia, Bolivia, Ethiopia, Bosnia and Herzegovina, Swaziland, 
Moldova, Somalia  

Low Water Stress Country 

Rwanda, Vietnam, Kenya, Costa Rica, Serbia, Zambia, Switzerland, Brazil, Hungary, 
Ghana, Belarus, Madagascar, Slovenia, Colombia, Myanmar, Belitze, Malawi, Ireland, 
Sweden, Bangladesh, Cambodia, Burundi, Malaysia, Austria, Uganda, Panama, Nicaragua, 
Guinea, Benin, Croatia, Papua New Guinea, Democratic Republic of Congo, Ivory Coast, 
Cameroon, Laos, Sierra Leone, Republic of Congo, Bhutan, Timor-Leste, Brunei, Gabon, 
Equatorial Guinea, Guyana, Jamaica, Liberia, Suriname 

 

Table 3: Combination of Water Stress and Rain Intensive Country  

Country Water Stress 
Level 

Rain Intensive 
Level 

Colombia, Papua New Guinea, Panama, Costa Rica  
Malaysia, Brunei, Bangladesh, Sierra Leon, Liberia, 
Guyana, Suriname, Nicaragua, Bhutan, Equatorial 
Guinea, Myanmar, Jamaica    

Low High  

Indonesia, Venezuela  Medium to 
High  

High  

Philippines, Ecuador, Dominica,  Low to 
Medium  

High  

Guatemala, Peru, Thailand, Cuba, South Korea, 
Australia,  

Medium to 
High   

Medium  

Cambodia, Laos, Gabon, Vietnam, Brazil, Guinea, 
Cameroon, DR Congo, Switzerland, Madagascar, Timor-
Leste, Ivory Coast, Burundi, Rwanda, Ghana, Malawi, 
Uganda, Slovenia, Croatia, Benin, Belitze, Ireland, 
Zambia,   

Low  Medium  

El Salvador, Srilanka, Japan, United Kingdom, Nigeria, 
Bolivia, Tanzania, North Korea, Bosnia and 
Herzegovina, Georgia, Angola  

Low to 
Medium  

Medium  

Chile, Nepal, Albania,  High  Medium  

Haiti, Dominican Republic,   Low to 
Medium  

Medium  

India  Extreme  Medium  

 

Table 4: Summary Statistics for Annual Economic Benefit and Water Collection                           

 Annual Economic Benefit (BDT) Annual Water Collection (Litre) 

Mean 8537.2 8471.8 

Minimum  133.33 140 

Maximum  42000 66500 

Standard 
Deviation  

5601 7141.7 

Observation  1040 1040 
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Table 5: Summary Statistics for Above and Below Median Total Economic Benefit 

 Above Median Total Economic 
Benefit (BDT) 

Below Median Total Economic 
Benefit (BDT)  

Mean 112535 29596 

Minimum  53025 1600 

Maximum  567000 53025 

Standard Deviation  65435 13498 

Observation  520 520 

 

Table 6: Summary Statistics for Above and Below Median Total Cost of RHS 

 Above Median Total Cost of RHS 
(BDT) 

Below Median Total Cost of 
RHS (BDT)  

Mean 9979.9 3955.4 

Minimum  6000 500 

Maximum  36000 6000 

Standard Deviation  4232.1 1460.6 

Observation  511 529 

 

Table 7: Summary Statistics for Above and Below Median Storage Capacity (Litre)  

 Above Median Storage Capacity Below Median Storage Capacity  

Mean 1509.3 650.27 

Minimum  1000 50 

Maximum  7000 1000 

Standard 
Deviation  

622.38 247.98 

Observation  439 601 

 

Table 8: Summary Statistics for Above and Below Median Income (BDT) 

 Above Median Income  Below Median Income  

Mean 8076 3635.4 

Minimum  5500 1000 

Maximum  20000 5500 

Standard Deviation  2294.7 1148.7 

Observation  519 521 

 

Table 9: Summary Statistics for Above and Below Median Age of RHS (Years)  

 Above Median Age of RHS  Below Median Age of RHS  

Mean 10.863 5.3859 

Minimum  7.5 1 

Maximum  25 7.5 

Standard Deviation  2.8618 1.2214 

Observation  501 539 
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Chapter Three  

 
Rainwater Harvesting to Empower Women in Coastal Bangladesh 

 

 

Abstract  
 

Water security has been long connected with facilitating women empowerment that is 

more crucial in developing countries. The rising water demand may hamper water security, 

leading to a constraint empowerment process. Women empowerment is rising in Bangladesh, 

but the connection between water security through rainwater harvesting and women 

empowerment is the first study in this circumstance. It may provide an alley to determine the 

connection between water security ensured by rainwater harvesting and empowerment. This 

quantitative study explored the survey data of 1051 households to measure the possibility of 

economic, social, and political empowerment through water security. The result shows that 

economic, social,  and political empowerment has a positive and statistically significant 

relation with water security, but context specificity indicates that interpretation of the 

findings is not uncomplicated. Moreover, male household head, income, number of family 

members, and operating rainwater harvesting negatively influence water security level while 

the cost to build up rainwater harvesting infrastructure, storage capacity, and land ownership 

positively influences water security. Based on the results, policies and programs that 

stimulate women's empowerment need more understanding and strategies concerning water 

security and empowerment for gender equality and achieve sustainable development goals 

five and six.  



 

 135 

 

 

Keywords: coastal Bangladesh;  rainwater harvesting; sustainable development goals; water 

security; women empowerment. 

 

 

 

3.1 Introduction  
   

Access to water is necessary for human socioeconomic development, but it has been 

seen as a more critical factor for women and girls in achieving Sustainable Development 

Goals 5 ‘Achieve gender equality and empower all women and girls’ (Dickin et al. 2020). 

Water availability is recognised as a critical factor in economic progress, maintaining a 

healthy population and environment. To ensure water supply for the household, women and 

girls bear significant water collection responsibility in many middles and low-income 

countries (Fisher et al., 2017) like Bangladesh. Such discriminatory responsibility often 

brings more burdensome, leading to lost economic productivity, more exposure to water-

borne diseases (Gupta and Obani, 2016), loss of social dignity, and hindering women 

empowerment process. Therefore, it is crucial to understand the link between water security, 

women empowerment, and rainwater harvesting as a means of water supply. This will assist 

in decision-making for poverty alleviation and women empowerment through investment in 

informal water supply infrastructure (rainwater harvesting) to achieve Sustainable 

Development Goals five and six. To empower women and alleviate poverty, there is no 

alternative to increase water security that requires attention to extend the water supply 

infrastructure.   

 

 Water supply infrastructure is often recognised as an essential factor for women's 

empowerment by reducing time collecting water (Dickin et al. 2020). However, the water 



 

 136 

supply system is not equally accessible at the local, regional, national, and international 

levels. Water supply sources in low-income and developing countries are often unusable and 

unaffordable, which may increase poverty and inequalities. Many of them pay high prices 

due to a lack of access, leading to a lack of education and employment (Islam, 2018, 2020). 

Access to water is critical to economic productivity, livelihoods, social dignity, and income 

generation, particularly for water managers, which are typically women, for the household. 

Improving water access or having water supply infrastructure in the household can contribute 

to the income generation that could alleviate poverty and empower them socially, 

economically, and politically. It means that alleviating poverty and empowering women 

through increasing water access is a critical and practical framework for low-income and 

developing countries since water is a crucial and complicated ingredient for all economic 

activity. However, there is no study on how rainwater harvesting can contribute to women 

empowerment, particularly in developing and rain-intensive countries like Bangladesh? 

However, a new water supply system must be developed to ensure water access where a 

formal water supply system is ineffective and insufficient.   

 

In the major part of coastal Bangladesh, tube well does not work, groundwater, river 

water, and other freshwater sources are not practically useful because of salinity. Since the 

significant water source is salty, coastal people have been using either rainwater or pond 

water for decades to fulfil their water demands. They collect most of their rainwater during 

the monsoon and use it the whole year. The way of collecting and using the rainwater is 

called rainwater harvesting. Each household has a different storage capacity, strategy, and 

financial capability to build its rainwater harvesting structure. They also follow a different 

strategy to use the collected rainwater. For instance, during the monsoon, they use rainwater 

for cleaning, washing, and gardening, but they only use collected rainwater for drinking in 

the dry season. However, people withdraw pond water through a hand pump and remove salt 
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through infiltration. It is called a pond sand filter. Therefore, this study focuses on rainwater 

harvesting to increase water access for the household. This expansion contributes to women's 

empowerment since it can be a stimulus for the household’s economic activity.  

 

 In recent years, increasing water access for women has developed a wide 

acknowledgement as a means of their socioeconomic development. However, the 

empowerment of women is rarely articulated in these development strategies. 'Empowered' 

the water manager of the household can be attributed to economic (e.g., engage income-

generating activities, can save money from her earnings), social (e.g., can visit 

neighbourhood and parents alone as well as without taking permission, decide on children 

education), and political empowerment (e.g., give a vote without the interference of other, 

approach local administration for personal or village issue). Although water access can 

contribute to women's empowerment, it must maintain and ensure sufficient water access. To 

develop a further hypothetical example, when a household has water access, that reduces 

water collection time, which can be used for income generation activities that contribute to 

family earnings. This contribution leads to respect from her husband, other family members 

within the household, and the surrounding community.  

 

In the major part of rural Bangladesh, women presence in the market for selling and 

buying goods is not well recognized. Although their contribution to the family's 

socioeconomic development is high, they rely on men to conduct most market transactions. 

However, involvement in buying and selling increases the probability of empowerment. 

Since women's presence in the market is not well recognized, rainwater collection and selling 

is suitable for women. They do not require to go to the market to sell collected extra 

rainwater since it has high demand in the surrounding community, especially during the dry 

season. The surrounding community and other buyers will come to her residence to buy 
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rainwater. This empowerment process through rainwater collection and selling can facilitate 

by the microcredit programme because it has a vast network even in the most remote places. 

Most households do not have sufficient rainwater harvesting infrastructure because of their 

financial constraints. The microcredit program can lend money for installing rainwater 

harvesting structures. The household can collect and sell collected rainwater and pay the 

credit instalment. After full credit payment, the rainwater infrastructure will be owned by the 

household. In this process, women are more suitable than men because it needs to present the 

person at home. 

 

This chapter is organized as follows. The second section gives the theoretical 

background. It conceptualizes water security, rainwater harvesting, women empowerment, 

and the interaction of agency, power, and empowerment. The third section is about the 

methodology that includes the analytical framework, sources and methods of primary data 

collection, description to measure empowerment, and econometric model specification. The 

following section presents the empirical findings. Section five discusses the findings in the 

previous section. Finally, section six concludes with an indication of future research.   

 

3.2 Theoretical Perspectives  

 

3.2.1 Water Security, Rainwater Harvesting, and Women Empowerment 

Several studies observed that access to water, sanitation, and hygiene could contribute 

to women's empowerment and ensure gender equality (Cairns et al., 2017; Dulfo, 2012; 

Fisher et al., 2017). Fisher et al. (2017) observed that water supply infrastructure and services 

strengthen empowerment. Jumare et al. (2015) found that females between sixteen and 

twenty are more frequently late to attend school than their counterparts. They revealed that 

the main reason behind this is water collection responsibility. Goodman et al. (2016) 
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investigated how empowerment can be achieved through safe water practices that imply 

water security.    

 

Generally, water security is seen as the sufficient volume of safe water is available to 

meet the demand. Beek and Arriens (2014) and Grey et al. (2013) identified distinct features 

to understand water security. It includes availability, reliability, and acceptable water quality 

for socioeconomic activities; tolerable water-related risks to society; and working out the 

conflicts and challenges that may arise from shared transboundary river waters. Van Beek 

and Arriens (2014) extend these attributes into three key dimensions: environmental, social, 

and economic, also known as people, profit, and planet (three Ps). Grey and Sadoff (2007:1) 

make a connection between ‘an acceptable level of water-related risks’ and ‘the availability 

of an acceptable quantity and quality of water for health, livelihoods, ecosystems and 

production’.  

 

In recent times, the concept of water security has been used and defined in different 

disciplines. For example, water resources focus on water crisis, supply security while public 

health discipline focuses on access to water and prevention of water pollution in allocation 

systems (Cook and Bakker, 2012). As per Cook and Bakker (2012), economics, 

anthropology, political and environmental science, and geography emphasize conflict 

resolution, input to food production, access to water services and functions for human and 

environmental development, cut down household susceptibility to hydrological variability, 

and availability of water in terms of quantity and quality. 

 

 Lautze and Manthrithilake (2012) develop an index to understand water security at 

the national level. The index constitutes risk management, independence, basic needs, the 

environment, and agricultural production. Mason and Calow (2012) emphasize ecosystems 
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and biodiversity, availability and access, institutions and actors, equity and livelihoods, and 

risk and variability. Grey et al. (2013:1) argued that a major portion of the world's poor face 

severe water insecurity and water-related risks while wealthy people face fewer water-related 

challenges. This contrary relationship between wealth and hydrological challenges influences 

a dissected world (Grey et al., 2013) and leads to inequality. Therefore, achieving water 

security has been a goal of human society. This achievement can alleviate poverty, empower 

women, and reduce inequality, particularly in poor and developing countries.  

 

Bitteramn et al. (2016) state that rainwater harvesting can ensure water access by 

making it available to all, irrespective of their status. Rainwater harvesting, in which 

rainwater collection and storing system applies to ensure water and food security in semi-arid 

regions (Akpinar and Cecunjanin 2014). This water supply approach provides social, 

environmental, and economic benefits (Ariza et al., 2007). Akpinar and Cecunjanin (2014) 

and Bitterman et al. (2016) argued that traditional and ancient, and low-cost technology like 

rainwater harvesting could be a viable option to ensure water and food security, particularly 

in climatic conditions vulnerable regions. People collect rainwater during the monsoon and 

store it in open wells, small reservoirs, ponds, terraces, pits, sand dams, cisterns, and check 

dams for use in the dry season (Bitterman et al. 2016). Amarashinghe et al. (2009) argued 

that millions of rural households in Tamil Nadu, India, rely on this water supply system for 

their livelihoods.  

 

Different stakeholders such as scientists, policymakers, and governments have already 

begun to emphasize this low cost, environmentally sound, and less technical system and 

sustainable land use applications (Akpinar and Scarborough, 2012: Bruins et al. 1986; Faust 

et al. 2012; Laureano, 2001). It has been widely practised for ensuring water access for 

domestic needs, agricultural production, and drinking water supply (Agarwal and Narain, 
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1997; Laureano, 2001; Maliva and Missimer, 2012) and climate change adaptation (Lucero et 

al. 2011; Pandey et al. 2003). Harvesting rainwater ensured past civilizations' success in 

Southeast Asia, the Middle East, and Central America (Fletcher et al., 2008; Laureano, 2001; 

Scarborough and Lucero, 2010).   

 

 Unequal access to water leads to water insecurity and limits access to sanitation and 

hygiene services (Kayser et al., 2019). Women and girls are more active in the water, 

sanitation, hygiene, and agriculture and domestic chores such as cleaning, cooking, and 

washing that needs water (Abu et al. 2019, Ray, 2007). Islam (2020) found that lack of access 

to water causes different kinds of challenges like physical and mental health problems, sexual 

harassment, early marriage, violence in the household, children education, and income 

reduction, particularly for women and girls responsible for managing water for the household. 

Women and girls are primarily responsible for managing water in four out of five households 

where a drinking water source is not inside the house (Caruso et al. 2017; Geere et al. 2018; 

Ray, 2007). Besides, this overburdened role has implications on gender equality and women 

empowerment that attributes in terms of opportunity cost connected to women empowerment 

(Kayser et al. 2019; Baker et al. 2018; WHO and UNICEF, 2017).  

 

Empowering women can contribute to women status both inside and outside of the 

house, and this development in status include reduced time constraints, better mental health, 

greater access to different services (e.g., health care, capacity development options, income-

generating opportunities, formal and informal financial services), and bigger control over 

household resources (Adato et al. 2000; Ross et al. 2015; Smith et al. 2003; Zereyesus, 2017).   

 

3.2.2 Agency, Power, and Women Empowerment  
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  The literature on empowerment generally implies the concept of agency, power, 

control, and decision making (Alsop et al. 2006; Malhotra et al. 2002; Kabeer 1999, 2001, 

2011). Sen (1985) used the agency as a measurement of women's empowerment, where it is 

defined as an individual who does not have the restriction to do what wants, obtain goals 

whatever want, and consider it important. Kabeer (1999) exposed three interrelated features 

such as agency, resources, and achievement for empowerment where; the author implies that 

resources are not supposed to be only material resources but can be social and human 

resources. However, the agency is the capability of an individual or community to determine 

objectives and take necessary steps to achieve those objectives (Kabeer, 1999, 2005). Hanmer 

and Klugman (2016) extend the concept of agency as the ability to overcome challenges or 

confront contexts of misery and maltreatments as an individual or group to influence and be 

heard their voice in the society. The third dimension is the 'achievement' which refers to the 

reach or failure to reach the ability in leading the life what they want (Kabeer, 1999, 2005). 

This study brings together these three-dimensional understandings to measure the level of 

women's empowerment within the household and surrounding communities. Figure 1 shows 

the analytical framework for this study.  

 
Based on the concept of 'agency' of Sen (1985) and international commitments to 

achieve gender equality, several academic researchers have investigated to define and 

measure agency as a tool to empower women where they try to compare among individuals 

and across countries (Alkire, 2008; Alkire et al. 2013; Ibrahim and Alkire, 2007; Kabeer, 

2011; Kabeer et al. 2011; Kabeer et al. 2013; Samman and Santos, 2009). These empirical 

works have explored the agency regarding self-reported attitudes and observed behaviour in 

the particular sphere of life (Hanmer and Klugman, 2016). Alkire (2008) refers to these 

spheres as 'domain' and argues that agency can be determined in terms of domains ability. 

The domain selected to determine women's agency that includes choice toward visiting 
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parents' house; engage income-generating activities; participation in financial and labour 

markets; engagement in political discussion and participation in local community meetings; 

decision making in the household for sending children to school, level of education for 

female children, etc.   

 
Agency is practised in different ways and domains; multidimensional indices can 

effectively measure and summarize findings (Hanmer and Klugman, 2016). For example, the 

focal point of the Women's Empowerment in Agriculture Index (WEAI41) is the productive 

sphere, the inclusion of women in the agriculture sector, measure women empowerment, and 

agency. The WEAI constitutes two sub-indices such as five domains of empowerment known 

as 5DE- income, resource, leadership, agricultural production, and time use where each of 

these is equally weighted (Alkire and Foster, 2011). The second sub-indices are Gender 

Parity Index (GPI), which determines the inequality in the same domains in every dual-adult 

home (Hanmer and Klugman, 2016).  

  

   Kabeer et al. (2013) conducted a study in Bangladesh, Egypt, and Ghana about the 

possibility of women empowerment through paid work. They use different domains that 

include economic agency, participation in public life, being able to leave the household, 

preference for the male child, and behaviour towards women work. They tried to determine 

the level of women empowerment as an individual connection to their family and community. 

Kabeer et al. (2013) exposed that women formal employment has consistent empowerment in 

the entire range of countries. This study also explored that women who perform paid work 

outside the household are more empowered than those who perform paid work or unpaid 

                                                      
41

 The WEAI was developed by the US Agency for International Development, International Food Policy 

Research Institute, and 
OPHI.  http://ebrary.ifpri.org/utils/getfile/collection/p15738coll2/id/126937/filename/127148.pdf 

http://ebrary.ifpri.org/utils/getfile/collection/p15738coll2/id/126937/filename/127148.pdf
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work. Involvement in associations has a more pragmatic impact in Bangladesh than Ghana 

(Kabeer et al., 2013).  

 
However, according to Rao and Kelleher (2005), empowerment addresses the 

symbiotic connection between power and ideology where achievement expresses through 

social, economic, political, and judicial structures. They also argued that empowerment 

transforms power relation that needs equal access to and control over physical, intellectual, 

and human resources; control over ideological beliefs, attitudes, and values; and change in 

organizations and power structures that support unequal power relations. In line with Kayser 

et al. (2019) and Routray et al. (2017), less access to assets and power means that many 

women do not actively participate in the decision-making process both within the household 

and the community. Empowerment can contribute to gaining this power (e.g., decision-

making in participating social activities) and control household resources (e.g., rainwater 

harvesting infrastructure). Prior research Cheong et al. (2017), Miedema et al. (2018), and 

Seymour and Peterman (2017) found that women’s influence in household decisions (e.g., 

participation in the labour market, purchase items from a near market) is a valid instrumental 

agency.  

 

3.3 Methodology  
 
3.3.1 Analytical Framework  
 

In this study, rainwater harvesting is considered as the resource, water security as an 

agency, and women empowerment as the outcome that adapts from Kabeer (1999) 

empowerment framework. Empowerment is not the endpoint. It is a continuing and cyclical 

process. For example, the voice of women in household decision-making can make a positive 

contribution to girls’ education. This education will open opportunities for her career and life 

choice. It will continue generation by generation. However, Narayn (2002) and Mahmud et 
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al. (2012) argued that empowerment is not the end of the process, but its interaction with 

other dimensions leads to empowerment. 

 

Figure 1: Analytical Framework 
 

 

Figure 1 shows that empowerment is the outcome of ensuring water security while 

empowerment will facilitate household investment in increasing water supply through 

rainwater harvesting. Such outcome includes social, political, and economic empowerment. 

These outcomes enable the beneficiaries particularly women to realize their importance in the 

household, and surrounding community.   

 

Now the question is, how can rainwater harvesting contribute to women 

empowerment? It is easier to understand through an example. For instance, a woman can 

build up a large rainwater collection system with either own finance or borrowing or mixed 

(own and debt). To build this infrastructure, she can take a loan from different NGOs (e.g., 
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Grameen Bank, BRAC, ASA). Through this infrastructure, she can collect a large volume of 

rainwater beyond her demand for water for the household. After fulfilling household demand, 

she can sell extra collected rainwater during the dry season to the surrounding community 

since it has high demand during that season. Most of the households in the surrounding 

community need to buy water during the dry season. From this sale, she can repay NGOs 

debt42 and earn money that ultimately contributes to the household income. Since she is 

earning money through this infrastructure, the household head43 and other members will not 

disagree concerning this process. This financial contribution will provide bargaining or 

decision-making power within the household. This decision-making power can be used to 

invest in rainwater harvesting, which is the source of income and extends the income. In 

addition, she can decide on child education, particularly for female children. This education 

creates space for the next generation’s empowerment.   

 

The example, as mentioned earlier, can empower women in another way. Firstly, 

since she will interact with a customer, that builds negotiation skills. Secondly, the interaction 

with NGOs, customers, and other community members will help build up a network. This 

network will empower her socially. Thirdly, this network can help extend the market for her 

product (rainwater) and live with dignity. These circumstances can contribute to different 

dimensions of her social, economic, and political empowerment.  

 

3.3.2 Data 

This research aims to identify the relation between water security ensured by 

rainwater harvesting and different dimensions of women empowerment. This study finds out 

that women are more empowered in the household where more water security is ensured by 

rainwater harvesting and vice versa. The study site is Mongla, one of the southwestern coastal 

                                                      
42

 If she built up rainwater harvesting infrastructure with borrowed money from NGO. 
43

 Generally, the man is household head. 
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sub-districts of Bangladesh. Data were collected from 1051 households from that sub-district. 

The data were collected through a household survey questionnaire by research assistants and 

the researcher himself from July 17 to September 03, 2021. After collecting data, it was 

carefully summarized, categorized, and input for analyses. 

 

Table 1 presents the descriptive statistics of water security, a different dimension of 

empowerment, socioeconomic attributes of households, and factors that influence water 

security level. It exposes explained variable water security is 0.632, indicating that based on 

the present infrastructure of rainwater harvesting, it could supply water on an average of 

63.2% of the year. The median level of water security is 0.83 that attributes that major 

households have water access for 83% of the year by rainwater harvesting. The first 

explanatory variable is social empowerment, where the overall level is 0.759, economic 

empowerment is 0.715, and political empowerment is 0.636. 

Table 1: Descriptive statistics of the household survey  

Variable Mean Median S.D. 

Water  Security 0.632 0.83 0.205 

Social Empowerment Indicators  

Use public transport 0.099 0.100 0.006 

Feed and bathing child 0.048 0.00 0.050 

Take care of education at home 0.050 0.100 0.050 

Visit parents without task 0.089 0.100 0.030 

Times outside village 0.061 0.100 0.048 

Talk to neighbourhood 0.089 0.100 0.031 

Go relatives house alone  0.078 0.100 0.041 

Bought personal item alone 0.076 0.100 0.042 

How often respects opinion 0.098 0.100 0.014 

Decides children education 0.066 0.100 0.047 

Overall  0.759 0.80 0.185 

Economic Empowerment Indicators   
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Engage in income 0.093 0.100 0.025 

Financial contribution for RHS  0.063 0.100 0.048 

Husband/family encourages to engage IGA44 0.058 0.100 0.049 

Bought productive assets from her income  0.054 0.100 0.049 

Wife can spend money without asking 0.087 0.100 0.032 

Wife saves money from her income  0.064 0.100 0.047 

Has plan for saved money  0.048 0.00 0.050 

Last year performed this activity  0.094 0.100 0.023 

Last year earned money from these activities  0.093 0.100 0.024 

Buy assets from her income  0.056 0.100 0.049 

Overall  0.715 0.800 0.235 

Political Empowerment Indicators  

Interest in politics 0.100 0.100 0.000 

Vote in election 0.098 0.100 0.010 

Vote candidate freely 0.097 0.100 0.014 

Cast vote next election 0.062 0.100 0.048 

Attend community  meeting last year 0.052 0.100 0.049 

Participate local community activities  0.021 0.00 0.041 

Member of social /economic/religious 

organization 

0.023 0.00 0.042 

Often discuss politics 0.084 0.100 0.036 

Meet member/chairman household need 0.045 0.000 0.049 

Attend community events alone or other 0.049 0.000 0.050 

Overall  0.636 0.600 0.193 

Demographic Characteristics  

Age (Years) 42.564 40 9.864 

Income (US$45) 171.3 145.9 83.2 

Household Head 0.966 1.00 0.371 

Educational Qualification  6.59 7.00 5.10 

No. of Family  Member  4.59 5.00 1.35 

Land Owned 9.75 10.0 7.56 

                                                      
44

 Income Generating Activities.  
45

 One US$ equals to BDT 85.87. 
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Factors that Influence Water Security  

Storage Capacity (000 Litre) 1.68 2.00 1.25 

Expenditture for RHS (000US$) 0.147 0.163 0.106 

Operate (Male=1, Both=0,5)  0.495 0.500 0.490 

 

Table 1 presents the descriptive statistics for the household survey of 1051 at Mongla, 

Bangladesh. Besides data on water security and different dimension of empowerment,  the 

questionnaire also includes information on households' socioeconomic attributes and factors 

responsible for the household's water security level. The average age of the respondents is 

42.564, while their income is US$ 171.3 per year. The median age is 40, indicating that they 

have a good understanding of local context, rainwater harvesting practice, climate, and other 

socioeconomic aspects that are important for data quality. On the other hand, the standard 

deviation of income is 83.2, which means a high-income inequality. In the traditional culture 

of Bangladesh, the household head is male, and in 96.6 percent of the sample the household 

head is male and the average family size is 4.59. The average educational qualification is 

6.59. On average every household possesses 9.75 decimal46 as the house where the standard 

deviation is 7.56 that also indicates land distribution is highly unequal.   

 

Some factors are directly and indirectly related to the level of water security. In that 

context, the average storage capacity is 1680 litres, where the standard deviation is also high 

(1250) that indicates storage capacity between households is not equal. Water security has a 

connection with income as well as with storage capacity. Another factor is expenditure for 

rainwater harvesting. The average expenditure for rainwater harvesting is US$ 147.       

 

 

 

                                                      
46

 It is a land measurement unit in Bangladesh. One decimal equals to 435.60 Sq Feet. Available at: 
https://minland.gov.bd/site/page/4e44d7ef-2c36-4483-aa4e-77b294de729c/Land-Measurement-Unit. Accessed on January 
01, 2022.  

https://minland.gov.bd/site/page/4e44d7ef-2c36-4483-aa4e-77b294de729c/Land-Measurement-Unit
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3.3.3 Research Question, and Hypotheses  

The discussion regarding water access, women empowerment, and microcredit have 

received attention due to climate change impacts on water resources. Moreover, these issues 

are connected and could make a positive or negative contribution towards poverty reduction, 

empowerment, and sustainable development. For this reason, it concerns policymakers, civil 

society, experts, and other stakeholders. However, although some studies tried to find out the 

relation between water access and women empowerment, no study claimed or conducted that 

water security through rainwater harvesting is positively or negatively correlated with women 

empowerment. Moreover, there is no study regarding a causal relationship between water 

security through rainwater harvesting in a rain-intensive country like Bangladesh and women 

empowerment. Moreover, it is more important and relevant to find out the correlation 

between different dimensions of empowerment and water security through rainwater 

harvesting.   

 

Water Security: This variable extends the different levels of water security provided 

by rainwater harvesting in the study site. The entire community largely relies on informal 

water sources in access to fresh water due to disasters, geography, and socioeconomic 

position. This indicator connects different components of a household’s socioeconomic 

position, including income, number of children, education, storage capacity for rainwater 

harvesting, etc.   

 𝑊𝑎𝑡𝑒𝑟 𝑆𝑒𝑐𝑢𝑟𝑖𝑡𝑦 𝐿𝑒𝑣𝑒𝑙 =  𝑆𝑢𝑝𝑝𝑙𝑦 𝑤𝑎𝑡𝑒𝑟 𝑏𝑦 𝑟𝑎𝑖𝑛𝑤𝑎𝑡𝑒𝑟 (𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑛𝑡ℎ𝑠)𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑛𝑡ℎ𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑦𝑒𝑎𝑟 ∗ 100 

 

We can operationalize empowerment by a single variable from several indicators to 

make understanding the issue easier. Every empowerment type has different sub-indicators 
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with equal indicators and weights. Table 2 presents the description of empowerment score 

calculation.  

 
Table 2: Description of empowerment parameters  

Empowerment  Description Value 

 

 

 

 

 

 

Economic  

Engage in IGA 0.10 

Financial contribution for rainwater harvesting infrastructure  0.10 

Husband/family encourages to engage IGA  0.10 

Bought productive assets from her income  0.10 

Wife can spend money without asking 0.10 

Wife saves money from her income  0.10 

Has plan for saved money  0.10 

Last year performed this activity  0.10 

Last year earned money from these activities  0.10 

Buy assets from her income  0.10 

 

 

 

 

 

 

Social  

Can use public transport to travel  0.10 

Both are responsible for feeding and bathing children  0.10 

Both are responsible to take care of children’s home tasks 0.10 

Can visit parents’ house  0.10 

Did go outside of village at least once in the last 30 days 0.10 

Can visit neighbor’s house  0.10 

Can visit relatives house alone 0.10 

Can visit near marketplace to buy personal item  0.10 

Respect opinion in the household  0.10 

Take decision together for children education   0.10 

 

 

 

 

Political  

She has interest in politics  0.10 

She cast vote in election  0.10 

She can cast vote to preferred candidate  0.10 

Has plan to cast vote in next election   0.10 

Attend community meeting last year  0.10 

Take part in community activities  0.10 

Member of social, or political, or financial organization   0.10 
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Discuss about politics  0.10 

Meet local administration for household need  0.10 

Can attend program with other women or alone  0.10 

  

Social Empowerment: This variable expands the women’s voice in the house and 

surrounding community regarding social issues. In the house, different kinds of decisions are 

made that include child education, responsibility to take care of children in the home, visit 

parent’s house, use public transport, talk to a neighbour and so on. This variable indicates 

whether women voice count, respect, or not in that particular household. This variable can 

help us understand women’s and girls’ movements under different circumstances and 

cultures. With these parameters, it is possible to understand the level of social empowerment 

of women. The whole social characteristics of the household express the social empowerment 

of women.  

 𝑆𝑜𝑐𝑖𝑎𝑙 𝐸𝑚𝑝𝑜𝑤𝑒𝑟𝑚𝑒𝑛𝑡 𝐿𝑒𝑣𝑒𝑙 = 𝑆𝐸𝐿1 + 𝑆𝐸𝐿2 + 𝑆𝐸𝐿3 + 𝑆𝐸𝐿4 + 𝑆𝐸𝐿5 + 𝑆𝐸𝐿6 + 𝑆𝐸𝐿7 + 𝑆𝐸𝐿8 + 𝑆𝐸𝐿9+ 𝑆𝐸𝐿10 

 

Where,  

SEL1= Women can use public transport or not  

SEL2= Both (Husband and wife) are responsible for feeding and bathing of children  

SEL3= Both (Husband and wife) are responsible for taking care of children home tasks 

SEL4= Women can visit parents’ house without asking the husband  

SEL5= Did go outside of the village at least once in the last thirty days  

SEL6= Women can visit neighbor’s house  

SEL7= Women can visit relative’s house alone  

SEL8= Can visit near marketplace to buy personal items  
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SEL9= Respect opinion in the household  

SEL10= Take decisions together for children education 

 
 Economic Empowerment Level: This variable expands the ability of women to 

participate, contribute, and make decisions regarding economic issues. This issue includes 

participation in the job market, contribution to family income, spending money without 

asking, saving money from her own income, buying productive and unproductive assets from 

her own income, and so on. This economic indicator can help us understand that women have 

economic resources and tools within the household that show the empowerment level. The 

fundamental indicators together indicate the level of economic empowerment.  

 𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝐸𝑚𝑝𝑜𝑤𝑒𝑟𝑚𝑒𝑛𝑡 𝐿𝑒𝑣𝑒𝑙 = 𝐸𝐸𝐿1 + 𝐸𝐸𝐿2 + 𝐸𝐸𝐿3 + 𝐸𝐸𝐿4 + 𝐸𝐸𝐿5 + 𝐸𝐸𝐿6 +𝐸𝐸𝐿7 + 𝐸𝐸𝐿8 + 𝐸𝐸𝐿9 + 𝐸𝐸𝐿10  

  
Where,  

EE1 = Engage in IGA  

EE2= Financial contribution for installing rainwater harvesting infrastructure 

EE3= Other family member rather than herself encourage to engage IGA 

EE4= Bought productive assets from her own income 

EE5= Can spend money without asking   

EE6= She saves money from her own income  

EE7= Has plan for saved money 

EE8= Last year performed the IGA   

EE9= Last year earned money from IGA 

EE10= Buy assets from her own income 
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Political Empowerment: The specific variable indicates the level of political 

empowerment of women in the household and surrounding community. This variable can be 

measured by women’s knowledge of the political system and participation in local 

governance. To measure the political empowerment of women, there are different indicators 

used in this study that include interest in politics, casting a vote, plans to cast a vote in the 

next election, casting a vote to the preferred candidate, and so on. These indicators capture 

governance quality that connects to democratic values and political stability that can 

influence women empowerment.   

 𝑃𝑜𝑙𝑖𝑡𝑖𝑐𝑎𝑙 𝐸𝑚𝑝𝑜𝑤𝑒𝑟𝑚𝑒𝑛𝑡 𝐿𝑒𝑣𝑒𝑙= 𝑃𝐸𝐿1 + 𝑃𝐸𝐿2 + 𝑃𝐸𝐿3 + 𝑃𝐸𝐿4 + 𝑃𝐸𝐿5 + 𝑃𝐸𝐿6 + 𝑃𝐸𝐿7 + 𝑃𝐸𝐿8 + 𝑃𝐸𝐿9+ 𝑃𝐸𝐿10 

 
Where,  

 
PE1 = Has an interest in politics  

PE2= cast vote in the election  

PE3= Women can cast vote to the preferred candidate  

PE4= Women plan to cast vote in the next election  

PE5= Attend community meeting last year   

PE6= Take part in community activities  

PE7= Member of social, political, or financial organization 

PE8= Discuss about politics  

PE9= Meet local administration for household need  

PE10= Can attend events with other women or alone 
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With the analytical framework constructed above, the main research question of this 

study: what empowerment dimensions positively or negatively correlated with the level of 

water security provided by rainwater harvesting? Different sizes of rainwater harvesting 

infrastructure ensure different water security levels at the household level. This study 

determined three independent variables: social empowerment, economic empowerment, and 

political empowerment to answer the question. These explanatory variables are significantly 

connected with explained variable water security. In order to investigate the effects of these 

independent variables on water security, this study constructed three statistical hypotheses.  

 

Hypotheses 

H1 Water security has a positive influence on social empowerment of women  

H2 Water security has a positive impact on economic empowerment of women  

H3 Water security has a positive effect on political empowerment of women 

 

3.3.4 Model Specification  

 

Different organizations and scholars focus on water access or security and women 

empowerment in different parts of the world. For example, Dickin et al. (2021) claim that 

Water, Sanitation, and Hygiene (WASH) services are crucial for ensuring gender equality and 

women empowerment. Their findings imply a connection between women empowerment and 

types of water and sanitation infrastructures. In addition, Leder et al. (2017) found that water 

access improvement for productive and domestic use can empower women. They also argued 

that it could transform rural women into grassroots leaders and rural entrepreneurs.  

 
However, to increase sustainability and equitable access to water and sanitation 

services, it needs to empower beneficiaries (Leahy et al., 2017; Sheuya, 2008; WWAP, 

2015), particularly women and girls who are major beneficiaries of sufficient access and 

victims of insufficiency. Moreover, different organizations such as Gender and Water 
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Alliance, UN Agencies, and other organizations focus on gender equality, particularly 

Sustainable Development Goal (SDG) 5 for empowering women.  The empowerment and 

gender equality equation is:   

 𝑊𝑠𝑒𝑙 = 𝑓 (𝑞, 𝑡, 𝑥) + 𝑢                                       (1) 

 

where, Wsel is the household Water Security (dependent variable), q is rainwater 

harvesting, t is the investment in rainwater harvesting, x is the empowerment parameters 

(e.g., social, economic, and political empowerment), and u is the error term. The error term is 

included in the equation to determine the unobservable errors in the independent variables. It 

is assumed that the function f is linear in the parameters. With these water security levels, and 

empowerment attributes in equation 1, women empowerment and gender equality determine 

by Empowerment in Water, Sanitation, and Hygiene Index (EWI) (Dickin et al. 2021). It 

assumes that water supply infrastructure contributes to water access that directly and 

indirectly contributes to empowerment and gender equality process. With this hypothetical 

point of view, we can extract an equation for this research exploring the connection between 

water security and empowerment. With the basis of the function specified in (1), we can 

extend and frame it for this study as:   

 𝑌 = 𝑓(𝑥1, 𝑥2, 𝑥3) + 𝑢             (2) 

 

Where, Y = Water Security Level, X1= Social empowerment level, X2 = Economic 

empowerment level, X3 = Political empowerment level. 

 

An econometric model was applied to estimate the empowerment level that connects 

to water security provided by rainwater harvesting. The water security attributes of household 

is a linear function of social, economic, and political empowerment parameters. The above 

mentioned dependent and independent variables and the following models are acquired where 
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explanatory factors are likely related to the water security attributes and level at household 

and surrounding community. This relation is not confined to the household.    

 𝑊𝑎𝑡𝑒𝑟 𝑆𝑒𝑐𝑢𝑟𝑖𝑡𝑦 𝐿𝑒𝑣𝑒𝑙 = 𝛽0 + 𝛽1 (𝑆𝑜𝑐𝑖𝑎𝑙 𝑒𝑚𝑝𝑜𝑤𝑒𝑟𝑚𝑒𝑛𝑡 𝑙𝑒𝑣𝑒𝑙 ) + 𝛽2(𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑒𝑚𝑝𝑜𝑤𝑒𝑟𝑚𝑒𝑛𝑡 𝑙𝑒𝑣𝑒𝑙) +𝛽3(𝑃𝑜𝑙𝑖𝑡𝑖𝑐𝑎𝑙 𝑒𝑚𝑝𝑜𝑤𝑒𝑟𝑚𝑒𝑛𝑡 𝑙𝑒𝑣𝑒𝑙) + 𝜀              (3) 

 𝑊𝑎𝑡𝑒𝑟 𝑆𝑒𝑐𝑢𝑟𝑖𝑡𝑦 𝐿𝑒𝑣𝑒𝑙 = 𝛽0 + 𝛽1 (𝑆𝑜𝑐𝑖𝑎𝑙 𝑒𝑚𝑝𝑜𝑤𝑒𝑟𝑚𝑒𝑛𝑡 𝑙𝑒𝑣𝑒𝑙 ) + 𝛽2(𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑒𝑚𝑝𝑜𝑤𝑒𝑟𝑚𝑒𝑛𝑡 𝑙𝑒𝑣𝑒𝑙) +𝛽3(𝑃𝑜𝑙𝑖𝑡𝑖𝑐𝑎𝑙 𝑒𝑚𝑝𝑜𝑤𝑒𝑟𝑚𝑒𝑛𝑡 𝑙𝑒𝑣𝑒𝑙) + 𝛽4 (𝑆𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑠) + 𝜀                                                                                        
(4) 

 𝑊𝑎𝑡𝑒𝑟 𝑆𝑒𝑐𝑢𝑟𝑖𝑡𝑦 𝐿𝑒𝑣𝑒𝑙 = 𝛽0 + 𝛽1 (𝑆𝑜𝑐𝑖𝑎𝑙 𝑒𝑚𝑝𝑜𝑤𝑒𝑟𝑚𝑒𝑛𝑡 𝑙𝑒𝑣𝑒𝑙 ) + 𝛽2(𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑒𝑚𝑝𝑜𝑤𝑒𝑟𝑚𝑒𝑛𝑡 𝑙𝑒𝑣𝑒𝑙) +𝛽3(𝑃𝑜𝑙𝑖𝑡𝑖𝑐𝑎𝑙 𝑒𝑚𝑝𝑜𝑤𝑒𝑟𝑚𝑒𝑛𝑡 𝑙𝑒𝑣𝑒𝑙) + 𝛽4 (𝑆𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑠) + 𝛽5 (𝐹𝑎𝑐𝑡𝑜𝑟𝑠 𝑖𝑛𝑓𝑙𝑢𝑒𝑛𝑐𝑒 𝑤𝑎𝑡𝑒𝑟 𝑠𝑒𝑐𝑢𝑟𝑖𝑡𝑦) +  𝜀              (5)  

 

To choose the functional form of the model, the specification test (Hausman, 1978) is 

performed. The model needs to be tested because it could give biased estimated results and 

lead to efficiency loss (Hausman, 1978). Moreover, the regression model faces challenges 

when it does not correctly account for the relationship between the dependent variable and 

observed independent variables (Wooldridge, 2013). In this context, Hendry (1980:403) 

urged ‘test, test, and test’. This study applies the Ramsey RESET (Regression Specification 

Error Test) test designed to find out an unfit functional form and omitted variable using the 

critical value of F-distribution (Shukur and Mantalos, 2004).    
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𝑊𝑎𝑡𝑒𝑟 𝑆𝑒𝑐𝑢𝑟𝑖𝑡𝑦 𝐿𝑒𝑣𝑒𝑙 =  𝛽0 + 𝛽1 (𝑋1) + 𝛽2(𝑋2) + 𝛽3(𝑋3) + 𝛿1𝑦2 + 𝜀                 

(6) 

 

To further understand the effect of water security level on the different empowerment 

of women, we conduct a heterogeneity analysis. First, we estimate whether household 

outcomes change associated with different income levels (e.g., high, middle, and low). The 

reason to select this is to capture the relation between water security since income can affect 

water security level through increased storage capacity level. We expect that high household 

income has positively contributed to women's social, economic, and political empowerment. 

Secondly, since the field site is the coastal area of Bangladesh and households face severe 

water security problems, it is interesting to differentiate the household according to the level 

of water security provided by the rainwater (e.g., high, medium, and low). Since water 

security directly connects to income, government assistance, and storage capacity, we expect 

women in higher water security households to be more empowered than medium and low 

water security households.  

 

Turning to robustness checks, some explanatory variables are excluded from the 

original model. To see whether the explained variable is positively or negatively and 

significantly correlated as per the original model with the remaining variables. If the result is 

similar in magnitude and sign with the estimated primary model, we can assume our model is 

well defined and has structural validity. It estimates whether the different explanatory 

variables have followed similar trends in the absence of economic and political 

empowerment. The model excludes economic and political empowerment for the first 

robustness check and runs with the remaining variables. To the second robustness check, the 

model added economic empowerment to the first robustness check model. Finally, the model 
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excludes social empowerment and runs the model with the remaining two variables  (e.g., 

economic and political empowerment) to the third robustness check.  

 
 
 
 
 
 
 
 
 
 
 
3.4 Results  

 
3.4.1  Baseline results  
 

Table 3 shows the result of the ordinary least square estimation for the probability of 

empowerment in the household for water security provided by rainwater harvesting. 

According to the literature review, the dependent variable is water security ensured by 

rainwater harvesting, and different independent variables are included in the model. The 

statistical results in table 3 indicate that water security affects social, economic, and political 

empowerment levels positively and significantly. This estimation confirms a statistically 

significant relationship between the level of water security in the household and the 

likelihood of social, economic, and political empowerment of women in that particular 

household. The obtained results are in table 3 in accordance with our statistical hypotheses. 

Furthermore, the explanatory variables like social, political, and economic empowerment are 

statistically significant at a 1% level. Moreover, R-squared 0.508 implies that 50.8% of the 

variability of the explained variable (e.g., water security) is explained by the explanatory 

variables.   
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Table 3: OLS model for water security and social, economic, and political empowerment  
 

 Baseline Ramsey 

RESET Test  

Model 1  Model 2  

Constant -0.002  

(0.020) 

−0.430***  

(0.081) 

0.011  

(0.028) 

0.216***  

(0.026) 

Social Empowerment 0.350***  

(0.027) 

0.835***  

(0.093) 

0.315***  

(0.027) 

0.171***  

(0.024)  

Economic Empowerment  0.268***  

(0.023) 

0.597***  

(0.064) 

0.247***  

(0.023) 

0.102***  

(0.020) 

Political Empowerment 0.278***  

(0.027) 

0.721***  

(0.086) 

0.301*** 

(0.027) 

0.097***  

(0.025) 

Income   -0.000  

(0.000)  

0.000  

(0.000) 

Household Head (M)   −0.001  

(0.011) 

−0.004  

(0.009) 

Educational Qualification    −0.003***  

(0.000) 

−0.001  

(0.000) 

No. of Family Members    −0.001  

(0.003) 

0.002  

(0.000) 

Land Owned    0.004*** 

(0.000) 

0.002***  

(0.000) 
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Storage Capacity     0.048***  

(0.004))  

Cost for RHS    0.471***  

(0.058)  

Operate (M)    −0.052***  

(0.009) 

yhat^2  −1.085***  

(0.200) 

  

R-Squared  0.508  0.541 0.682 

Observations  1051 1051 1051 1051 

Standard errors in parentheses. ***p<0.01, **p<0.05, *p<0.1  
 

The coefficient of social empowerment parameters is positive and significant, 

indicating that more water-secure households have more socially empowered women. The 

women in more water-secure households are more socially empowered. They can make 

decisions independently regarding going outside the home, visiting the neighbor's house and 

talking to them, visiting parents' house, and so on. However, the coefficient of economic 

empowerment is also positive and significant that expresses that those women who live in 

more water-secure households are more economically empowered. They can make decisions 

regarding spending money without asking, engage income-generating activities, encourage 

household members in engaging income-generating activities, and so on. They can take 

decisions regarding those issues more independently than less water-secure households. 

 

Moreover, the coefficient of political empowerment is positive and statistically 

significant. It characterizes those women who are in more secure households are more 

politically aware than the other women. They can freely select their representative, have an 

interest in politics, cast votes in electing their lawmakers regularly, and so on. However, the 

Ramsey RESET test output in the third column of Table 3 presents that the model does not 
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have specification problems or does not give biased results since the value of y^2 is 

significantly different from 0.   

An alternative specification adds socioeconomic attributes and factors that influence 

water security. Model 1 in table 3 controls for socioeconomic attributes of the household. In 

this model, both social and economic empowerment shrinks by 0.035, 0.021 respectively, 

while political empowerment increases by 0.023. Adding these variable indicate the negative 

relation between water security and some socioeconomic attributes such as income, 

household head by male, educational qualification, and the number of family members. From 

this point of view, it can assume that the female household head has a positive relationship 

with water security. Moreover, land ownership for the house has a positive connection and 

statistically significant relation with water security, which implies that if they have a bigger 

house, they have more water security. The housing infrastructure is needed for setting up 

rainwater harvesting infrastructure. The infrastructure is a prerequisite for rainwater 

harvesting so that there is a positive connection between water security and land for the 

house.  

 

Model 2 in table 3 controls for factors that influence water security level, decreasing 

impact on empowerment dimension and land ownership. It shifts from a negative coefficient 

of income and number of family members to a positive coefficient. However, it shows a 

positive relationship between water security, storage capacity, and expenditure for building 

rainwater harvesting infrastructure. In addition, males' rainwater collection and use 

infrastructure have a negative relation with water security, indicating that the female 

operation of rainwater harvesting has a positive connection. Both models show positive 

development since their value of R-squared increased from 0.508 to 0.541 and 0.682 for 

model 1 and model 2, respectively.  
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Since these are cross-sectional data and the model is linear, there is a possibility for 

heteroskedasticity in the model. The heteroskedasticity is that once the predictors have been 

included in the regression model, the remaining residual variability changes as a function 

of something else which does not become part of the model (Astivia and Zumbo, 2019; 

Cohen et al. 2007; Fox, 1997; Kutner et al. 2004). It is also known as “non-constant error” 

(Astivia and Zumbo, 2019). To detect this source of dependency, the Breusch-Pagan test 

(Breusch-Pagan, 1979) measures whether the model errors are correlated to any other model 

predictors (Astivia and Zumbo, 2019). Table 4 shows the Breusch-Pagan test for 

heteroskedasticity.  

 
 
 
 
 
 
Table 4: Test for heteroskedasticity and Heteroskedasticity corrected model   
 

 Model 1 Model 2  

Constant  3.027*** 

(0.215) 

0.074***  

(0.022) 

Social Empowerment  −1.800*** 

(0.279) 

0.482***  

(0.027) 

Economic Empowerment  −0.060  

(0.046) 

0.003  

(0.003) 

Political Empowerment  −0.960*** 

(0.270) 

0.311***  

(0.021) 

Explained sum of square  221.265  

Test statistics  LM=110.632  

P-value=P(Chi-square(3)>110.632) 0.000  

Dependent variable  scaled uhat^2 Water Security  

Observations  1051 1051 

Standard errors in parentheses ***p<0.01, **p<0.05, *p<0.1 
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A Breusch-Pagan test result in table 4 under model 1 rejects the null hypothesis with a 

p-value of 0.000 that indicates heteroskedasticity in the model. However, it does not 

influence the coefficients of the model fit so that the characteristics of unbiasedness and 

consistency remain if only the homoskedasticity assumption is violated (Astivia and Zumbo, 

2019; Cribari-Neto, 2004). Moreover, to address the heteroskedasticity problem in the model, 

data transformation can be applied (Osborne, 2005; Rosopa et al., 2013); this paper applies 

heteroskedastic consistent standard errors, also known as Huber-White standard errors 

(Eicker, 1967; Huber, 1967; White, 1980). It is one of the most applied methods to minimize 

the effects of heteroskedasticity (Hinkley, 1977; Long & Ervin, 2000; MacKinnon and White, 

1985; White, 1980). In this method, the regression model is evaluated applying OLS, but an 

alternative approach employs to measure standard errors and does not employ 

homoskedasticity assumption (Hayes and Cai, 2007). Model 2 in the table 4 is for 

Heteroskedasticity corrected model.   

 
 
3.4.2 Differentiating by income group  
  

With the socio-economic context of coastal Bangladesh, it is assumable that most 

people live with low and middle income. For this reason, the majority (570) households are 

under middle-income household, the second majority (259) is low-income, and the last one is 

the high level of income. This section tries to characterize the correlation between income, 

water security, and empowerment by differentiating three different income levels. The 

differentiation of the household according to the level of income can help us capture whether 

different income levels have the same level of impact on water security and empowerment.   

 

According to BBS (2010), 67.07% of a household’s monthly income is between US$ 

17.468 and US$ 116.443, while 20.94% income range is from US$116.455 to US$232.898 in 

rural areas in 2010. At the same time, 8.79% whose income is more than US$ 232 (BBS, 
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2010). Their average monthly consumption expenditure is US$ 109.886 on food and 

beverage (58.87%), clothing and footwear (5.13%), education (4.18%), fuel-lighting (6.07%), 

household effects (1.86%), medical (4.06%), housing and house rent (7.28%), and 

miscellaneous (12.55%) (BBS, 2010). Moreover, “in Bangladesh top 5% income people has 

taken over of 95% of total income” (Chowdhury and Hossain, 2018:p2) while top 1% 

possessed 16.3% and bottom half holds 17.1% of total national income in 2021 (Byron and 

Rahman, 2021). In this context, we can categorize the household into three different groups 

such as high-income,47 middle income,48 and low income49 households. Table 5 presents the 

relation between income level, water security, and empowerment.   

 
Table 5: Relation between income level, empowerment, and water security  

 Model 1 Model 2 Model 3  

Constant 253.525***  

(30.628) 

129.898***  

(6.019) 

91.077***  

(3.124) 

Water Security 71.082*  

(38.021) 

10.659  

(10.335) 

2.531  

(3.903) 

Economic Empowerment −66.242*  

(34.030) 

13.916*  

(8.016) 

7.179**  

(3.485) 

Social Empowerment  39.748  

(40.316) 

-5.845  

(9.277) 

15.822***  

(4.016) 

Political Empowerment 24.287  

(36.628) 

23.659***  

(8.533) 

−24.917***  

(4.805) 

R-squared  0.044 0.054 0.155 

Observations  222 570 259 

Standard errors in parentheses. ***p<0.01, **p<0.05, *p<0.1 

 
 

Regression results for the correlation between different income levels, water security, 

and empowerment are shown in table 5. Model 1 considers high-income household where 

                                                      
47

 If household income more than US$ 232.91 per month 
48

 If household income more than US$ 183.485 but less than US$ 232.310 per month  
49

 If household income less than US$116.444 but more than US$ 17.469 per month 
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water security, social empowerment, and political empowerment is positively correlated with 

income while economic empowerment has a negative correlation. Moreover, income 

significantly impacts social empowerment at a 5% significance level. The results for the high-

income household are with our assumption except for economic empowerment. The reason 

behind this negative correlation maybe the household's socioeconomic status. Since they have 

a stable and high income, they do not want to involve the women in income-generating 

activities and other economic issues in the household. This assumption is clearer if we notice 

the coefficient value of all three types of households. The most important thing is that the 

coefficient value or level of correlation is getting higher and higher from high-income to low-

income households. 

 

Model 2 is for the group of middle-income households. The coefficient of social 

empowerment is negative and not significant with income, contrary to our assumption. 

Similarly, model 3 shows the correlation between income, water security, and empowerment 

for the group of low-level income households. The coefficient indicates that income has a 

positive and highly statistically significant relation with water security, economic, and social 

empowerment. If income increases within this group of households, their water security level 

rises, and women are socially empowered. At the same time, their political empowerment 

level decreases. The negative correlation between income and political empowerment is that 

poor people do not have enough time to spend on political issues. They are struggling to 

maintain their wellbeing so that they cannot spend time for political purposes (e.g., attend 

local events, discuss politics, attend community meetings, go to local administration for help, 

etc.). Abu et al. (2019) found that women did not attend local WASH decision-making 

meetings because they did not have time due to household tasks and income-generating 
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activities. They also found that women preferred to generate money rather than attend the 

meeting. 

 

In recent years in Bangladesh, politics are in the hands of businesspeople. The 

proportion of the recent national election in 2018 shows a similar result where 61.07% of 

elected lawmakers were businesspeople (Prothom Alo, 2019). There is a widespread notion 

among people that politics is no more for common people it is for business. Within this group 

of households, income has a highly significant impact on water security, social, and political 

empowerment of women.   

 

3.4.3 Differentiating by water security level  

We pooled household data regarding water security provided by rainwater harvesting, 

empowerment level, and income. The households are categorized into three different types: 

high, medium, and low-level water security. This part of the study tries to measure whether 

different water security levels impact income and empowerment. Water security is measured 

by the proportion of the year that water supply through collected rainwater. Expenditure to 

install rainwater harvesting, the number of members in the household, government assistance, 

and efficiency of water use are significant factors that determine water security level. 

According to the category mentioned earlier, table 6 shows the estimated relationship 

between water security, empowerment, and income. The first model's social, economic, and 

political empowerment coefficients are -0.049, -0.011, and -0.024, respectively. This is 

contrary to the primary assumption and is consistent with Chowdhury and Chowdhury (2011: 

p92), where they argued that 'one can conclude a woman in rural Bangladesh who is 

financially self-dependent is empowered, while at home she experiences domestic violence 

by her husband'.  
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At the same time, income and economic empowerment have a positive correlation. In 

this model50, water security significantly impacts social and political empowerment and 

income. The household group under medium51 and low-level52 water security are in 

accordance with the assumption that water security has a positive connection with 

empowerment and income. The coefficient of income, social, economic, and political 

empowerment are positive, whereas social and political empowerment is significant under 

model 2. At the same time, income is significant under model 3. 

 

Table 6: Relation between income, water security, and empowerment  

 Model 1 Model 2  Model 3  

Constant  0.915*** 

(0.019) 

0.517*** 

(0.017) 

0.162*** 

(0.044) 

Social Empowerment  −0.049** 

(0.022) 

0.088*** 

(0.016) 

0.057 

(0.051) 

Economic Empowerment −0.011 

(0.017) 

0.036** 

(0.014) 

0.154*** 

(0.035)) 

Political Empowerment  −0.024 

(0.017) 

0.086*** 

(0.019) 

0.049 

(0.060) 

Income 0.000*** 

(0.000) 

0.000 

(0.000) 

0.000** 

(0.000) 

R-squared  0.076 0.139 0.071 

Observation  274 511 266 

                                                      
50

 This model belongs to high-level water security. High-level water security indicates a water security level of more than 
82% of the year. It indicates 10 months or more of the year. 
51 Less than ten months but more than six months of the year. 
52 Less than six months of the year. 
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 Standard errors in parentheses. ***p<0.01, **p<0.05, *p<0.1 
 
 

   

3.4.4 Robustness Checks  
 

In this part, we provide several robustness checks to remove the confounding impact 

and additional tests to find out the steadiness of our findings. To determine the robustness of 

this empirical study, we remove and add regressors and see how the estimators behave with 

this exclusion and inclusion. For the first robustness check estimated excluding political 

empowerment to OLS regression. Controlling the political measurements, we find again that 

social and economic empowerment are positively and significantly correlated with water 

security. Results are also robust in the second specification, excluding economic 

empowerment and adding political empowerment. Finally, in the third robustness check, we 

exclude social empowerment and add political empowerment to the second robustness 

estimators model. The results confirm a strong and significant association between water 

security and different dimension of women empowerment. 

 
Table 7: Robustness Checks 

 Model 1 Model 2 Model 3 

Constant 0.055***  

(0.020) 

  

Social Empowerment  0.413***  

(0.028) 

  

Economic Empowerment  0.367***  

(0.022) 

0.030 

(0.021) 

 

Social Empowerment   0.445***  

(0.027) 

 

Political Empowerment   0.414*** 

(0.026) 

0.147***  

(0.018) 

Economic Empowerment    0.358***  

(0.029) 
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Political Empowerment    0.360***  

(0.029) 

R-squared  0.329 0.446 0.433 

Observation  1051 1051 1051 

Standard errors in parentheses. ***p<0.01, **p<0.05, *p<0.1 
 

The OLS regression result obtained in table 7 under model 1 indicates that social and 

economic empowerment have a positive and statistically significant relationship with water 

security. The impact rises by 0.063 and 0.099 for social and economic empowerment, 

respectively, compared to the baseline result after excluding political empowerment from the 

model. Model 2 is added political empowerment and excluded economic empowerment from 

model 1. It describes that the impact rises by 0.095 for social while 0.136 for political 

empowerment. Model 3 left social empowerment and added economic empowerment to the 

previous model. This model indicates the rise in impact. For instance, the impact on political 

empowerment enhances by 0.09 while 0.082 for economic empowerment compared to our 

primary estimate. However, the intercept is negative in these three robustness tests, contrary 

to our baseline result. These results indicate that model is well specified.     

 

3.4.5 Discussion 
 

Marginalized groups of people disproportionately face challenges for a dearth of 

access to water, sanitation, and hygiene services (Bisung and Elliott, 2017) that contribute to 

their disempowerment. The water supply intervention like rainwater harvesting that addresses 

the water insecurity problem and empowers women is an essential attribute of this 

intervention. However, little empirical evidence on how water security provided by rainwater 

harvesting could contribute to empowerment. Dery et al. (2020) conducted a scoping 

literature review on how the concept of empowerment has been used in the WASH sector and 

described relevant empowerment dimensions. They did not find any research that measured 

quantitative dimensions of empowerment or used quantifiable measures to characterize 
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empowerment. They also argued that although qualitative evaluation is crucial because of the 

culturally specific nature of empowerment, quantitative assessment can contribute to 

effective communication, evaluation, and understanding of findings. 

 

Moreover, Kabeer (1999:436) argued that the concept of women empowerment is a 

perfect example for policymakers to develop policy. Quantifiable empowerment measures 

can be an excellent tool to put the concept on a more effective, verifiable, and solid 

foundation. In this context, this study highlights how water security ensured by rainwater 

harvesting can contribute to women empowerment in a quantitative dimension. This research 

measures women's social, economic, and political empowerment employing the ordinary 

least square model and using resource, agency, and empowerment theory.   

 

The empowerment is realized from the interaction between resources (investment in 

rainwater harvesting), agency (water security), and empowerment (social, economic, and 

pollical). Rainwater harvesting can act as a resource to ensure water security to empower 

women within the household and surrounding community. The study result suggests a 

positive and significant correlation between water security and women empowerment. This 

study also indicates a positive correlation between income and water security and 

empowerment for medium and low-income households. In contrast, income negatively 

affects economic empowerment for high-income households. The positive association 

between income and water security is very high (71.082) for the high-income household, 

indicating income has a significant influence on water security. This is because the household 

has higher water security through rainwater harvesting ensure higher income. However, the 

coefficient of water security is 10.659 and 2.531 for middle and low-income households, 

respectively.  
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In terms of the first dimension of women empowerment, social empowerment 

outcomes for water security were a central dimension of empowerment that reported this 

study's highest coefficient value (0.350). Table 9 model 1 presents the correlation between 

water security and sub-indicators of social empowerment. The social empowerment 

indicators that have positive relationships with water security include sharing responsibility 

for feeding and bathing children, sharing responsibility for taking care of the education of 

children at home, going outside the village, talking to the neighbour, visiting the relative 

house, buying a personal item from near market alone, and respect opinion by other family 

members in the house. It implies that the improvement of water access positively influences 

these indicators. These indicators imply the outcome of the agency. The agency is associated 

with 'power to' and power over. The 'power to' is the ability to make a choice and act upon 

that choice even it is contrary to the other (Kabeer, 1999). It directly measures social 

empowerment through some sub-indicators of the same. For example, talk to a neighbour 

(0.365**), go outside the village in the last 30 days (0.822***), visit the relative house 

(0.013), buy the personal item (1.182***), and respect opinion in the household (0.650*). 

Since the coefficient of these sub-indicators is positive, and most of them have a significant 

impact, rising water security levels will facilitate social empowerment.  

 

Those indicators could also contribute to other empowerment dimensions. For 

example, indicators like going outside the village, visiting and talking to neighbours, 

respecting opinions by other household members, and buying a personal item from the 

comparative market help build confidence and network, which are crucial for engagement 

and success in employment. Employment connects to economic empowerment.  

 
 



 

 173 

 

 

 

 

 

 

 

 

 

Table 8: The correlation between water security and sub-indicators of social, economic, and 
political empowerment  

  Model 1  Model 2  Model 3 

Constant  0.482*** 

(0.085)  

Constant  0.423*** 

(0.020) 

Constant  0.469*** 

(0.051) 

Use public 

transport 

−1.341* 

(0.764) 

Engage in 

IGA    

0.921** 

(0.436) 

Cast vote −0.192 

(0.435) 

Feed and bathing 

child 

1.439*** 

(0.114) 

Financial 

cont. to RHS   

1.053*** 

(0.110) 

Cast vote 

freely 

−0.129 

(0.321) 

Education at 

home (Child) 

0.857*** 

(0.115) 

Encourage to 

income 

0.307*** 

(0.105) 

Cast vote next 

election 

1.913*** 

(0.106) 

Visit parents’ 

house  

−0.619*** 

(0.164) 

Buy prod. 

assets  

1.224*** 

(0.105) 

Attend com. 

Meeting 

0.845*** 

(0.110) 

 Outside village 0.822*** 

(0.099) 

Spend money 

without ask 

0.332** 

(0.156) 

Part. local 

com. Act 

0.312** 

(0.144) 

Talk to neighbour 0.365** 

(0.170) 

Save money 

from income  

0.979*** 

(0.140) 

Member of 

organizations 

0.443*** 

(0.138) 

Visit relative 

house 

0.013 (0.129) Plan for saved 

money  

0.070  

(0.135) 

Discuss 

politics 

−0.416*** 

(0.142) 

Buy personal 

item  

1.182*** 

(0.127) 

Last year per. 

IGA 

−1.55** 

(0.666) 

Visit local 

adm. for hou. 

0.098(0.105) 

Respect opinion 0.650* Last year −0.274 Attend prog.  0.900*** 
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(0.338) earned money  (0.580) alone or with 

other women 

(0.111) 

Decision child 

education  

−0.194*(0.11

2) 

Buy assets 

from income  

0.847***(0.1

15) 

R-squared  0.494 

R-squared  0.459 R-squared  0.477 Observation 1051 

Observation 1051 Observation  1051   

Standard errors in the parenthesis ***p<0.01, **p<0.005, *p<0.1. Note: One sub-indicator 

(interest in politics) under model 3 for political empowerment is omitted due to exact 

collinearity      

 
Although these attributes of social empowerment are a good indicator, they do not 

ensure empowerment for the long term if social norms and institutions do not support it. For 

example, women may socially be empowered highly, but their economic opportunity will be 

limited if they cannot spend money without asking. This limitation will create more 

constraints for social empowerment. In this context, her economic empowerment could 

influence by social empowerment and vice versa. Mahmud et al. (2012) and Narayan (2002) 

explored that empowerment in one dimension may not be the endpoint itself, but their 

interaction leads to the outcomes of another empowerment.    

 

The different households have different levels of income, education, land possession, 

and family members. With these distinguished characteristics, every household has a 

different water security level that contributes to a different level of economic empowerment. 

The sufficient volume of water available at home enable women’s economic power. The 

result in table 8 under model 2 exposes the relation between the sub-indicator of economic 

empowerment and water security. The result directly measures the ‘power to’ in terms of 

agency, which brings empowerment as the outcome.  
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The statistical result in table 8 model 2 shows a positive correlation between sub-

indicators that include engagement in income-generating activities, financial contribution to 

install rainwater harvesting infrastructure, encourage by a family member to involve income-

generating activities, buy productive assets, spend money without asking, has a plan for saved 

money, performed income-generating activities last year, and buy assets from income. In 

these sub-indicators engage income-generating activities (0.471), save money from income 

(0.983***), buy productive assets (1.215***), have a plan for saved money (0.073), and 

financial contribution to rainwater harvesting (1.069***) act as the power to the agency. 

These sub-indicators attribute that those women can choose and act upon that choice while 

the household has sufficient volume of water access.  

 

However, the result shows a high (1.224) and strong positive association between 

buying productive assets and water security. It attributes to more water security will add more 

productive assets in the household. That productive asset will create more income 

opportunities for them. It can also transform them into active change agents, prosperous 

mothers, businesswomen, and entrepreneurs. In these circumstances, this is a cycle and will 

continue if it is possible to ensure water security in the household.  

 
It is essential to empower women to contribute to their households and the 

surrounding community. For example, empowered women talk to a neighbour, use public 

transport, discuss politics, and engage income-generating activities that contribute to their 

household. In addition, it will encourage other women to develop their position within the 

household and surrounding community in the same systematic way. 

 

Concerning the third empowerment dimension, some sub-indicators of political 

empowerment act as a resource, agency, and outcome. There is a logical correlation between 
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sub-indicators of political empowerment and water security because insufficient water 

security for participation in political affairs rules out the possibility of choosing between 

practising political rights and poverty reduction.   

 

Table 8 model 3 shows that there is a positive connection between water security and 

sub-indicators of political empowerment that include cast a vote next election (1.913***), 

attending community meeting (0.845***), participating in local community activities 

(0.312**), member of the organization (0.443***), visit local administration (0.098), and 

attend program alone or with other women (0.900***). In those indicators, the intention of 

cast vote is positive that is agency. However, the outcome cast vote and casting a vote freely 

is negative because political institutions are not in their favour. Moreover, water security 

empowers women positively regarding 'power to' related to agency. For example, the 

coefficient of visit local administration for household needs is 0.098, indicating that more 

water security households are allowed women to visit local administration for household 

needs rather than men in the household. However, women with improved water security 

levels are more involved with the organization, perform local community activities, and 

attend programs alone or with women. It measures that women can choose and pursue their 

choice if the household has a sufficient volume of water.  

 

This study is not without limitations. First, a little study makes the connection 

between water security and empowerment. For this reason, we could not make a comparison 

in terms of the outcome. Some studies indirectly make connections but do not quantify that is 

another limitation since the present study makes the direct connection and uses quantifiable 

measures. However, the results of this analysis are robust since it has applied several tests, 

differentiate the household according to their income and water security level that may affect 
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the likelihood of empowerment. In addition, using sub-indicators, exclusion and inclusion 

allow us to obtain robust results.  

 
From the policy point of view, it has been observed that although they face numerous 

challenges but work independently as fisherwomen and day labourers in the fishing farm in 

the coastal areas. Due to rising water access challenges in the dry season, they can hardly 

work either of these. The availability of water access at home may alter this challenge. 

Women who have water collection responsibility and do not have enough storage capacity to 

collect and store sufficient volume of water in extending water security could disempower by 

those challenges they encounter. Only women who have enough water security can properly 

work individually and on the farm. Therefore, a policy that is implemented for empowering 

women and reducing poverty through increasing water security needs to understand the exact 

point where it needs to emphasize and context. Without understanding it, challenges will 

sustain. 

 

Moreover, institutions need to change to facilitate women's empowerment in terms of 

social, political, and economic aspects. If these external factors remain unchanged, water 

security through rainwater harvesting will empower women in the short term and low level. 

For example, they need money to install rainwater harvesting infrastructure, but no financial 

institutions lend money for the same purpose. Due to a lack of financing, they could not 

extend their rainwater harvesting storage capacity, which negatively influences water security 

levels. In addition, some local and international NGOs like World Vision, Tearfund UK, 

BRAC, Proshika provide storage tanks and training on a short scale. These activities need to 

be extended with the public partnership. Moreover, the government can urge the 

microfinance institutions to change their policy regarding the finance of rainwater 

harvesting.   
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3.5 Conclusion 
 

Understandably, empowerment is a broad concept to measure and define. This study 

attempted to limit this concept to thirty questions (e.g., ten in each social, economic, and 

political empowerment) to measure women's empowerment. This research tried to derive 

robust outcomes of empowerment of women who have rainwater harvesting in their 

households by using household survey data and implying an ordinary least square model. The 

results were analyzed in keeping in mind the socioeconomic attributes of the household and 

formal and informal constraints of water security for women in Bangladesh. The result shows 

that water security ensured by rainwater collection and use increases the likelihood of 

women's empowerment.  

 

This interpretation of the result is not straightforward. For example, some sub-

indicators of social (use public transport, visits parents house, the decision regarding children 

education), economic (involvement in IGA last year), and political empowerment (cast vote 

freely, discuss politics) are negatively correlated with water security. Moreover, the paper 

compared women's empowerment in different households concerning their income (e.g., 

high, medium, and low). This robustness check indicates that different households (based on 

income level) have a different relationship with water security and empowerment dimension. 

For example, there is a negative relationship between income and economic empowerment, 

between income and social empowerment, and between income and political empowerment 

for high, middle, and low-income households.  

 

Despite the limitations, this study provides an excellent understanding of the 

relationship between water security provided by rainwater harvesting in a rain-intensive 

country like Bangladesh and women empowerment. This study suggests that this approach of 
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women empowerment is more applicable in the more rain-intensive country than Bangladesh. 

Furthermore, this study exposes that high-income households have a negative association 

with women's economic empowerment. This struggle may result in the relation of 

wealthiness and economic activities.     

 

Further studies can provide more conclusive findings and a more profound 

understanding to expose how water security provided by rainwater harvesting can act as an 

agency of women empowerment through institutional policy support. The support can ensure 

credit for installing and training for maintaining rainwater harvesting infrastructure and water 

quality. Moreover, women and girls need to be the focal point for finance and training. The 

government, NGOs, and other stakeholders in South Asia, including international NGOs, 

need to develop a strategic plan to address water security problems through a locally effective 

intervention like rainwater harvesting.   

 

This research can conclude that water security has high implications on medium and 

low households. Since the socioeconomic position of coastal Bangladesh belongs to these 

categories, it is a highly relevant study site for the mentioned objective. Lack of water 

security can impede women's empowerment process, leading to poverty, vulnerability, and 

environmental challenges. The most significant impact of water security on the social 

empowerment of women. This empowerment could transform other empowerment. For 

example, women are involved in child education decisions. In this context, we can assume 

that a female child will get the same education as her counterpart that will help to choose her 

own life. It implies that although her mother may not be economically and politically 

empowered, her social empowerment contributed so much to her next generation's life.  
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The findings of this study provide the understanding and encourage development 

practitioners, lawmakers, and researchers to expose how women empowerment could be 

promoted through rainwater harvesting be enabled and supported in Bangladesh and 

elsewhere, particularly in the rain-intensive country. For example, this study uses rainwater 

harvesting as a resource and water security as an agency to empower women. It can help to 

understand the link between locally effective intervention is better than the traditional way to 

address the water security problem. Moreover, it also helps to understand the new dimension 

to empower women, which is critical for achieving sustainable development goals. 

Interestingly, one SDG can be achieved by achieving another SDG. For example, water 

security is connected to SDG 6, while empowerment (gender equality) connects to SDG 5. In 

this paper, this goal interacts with each other and contributes to achieving it. However, it 

needs better and context-specific policy, strategy, program, and implementation. As per the 

result in table 3, there is a positive and significant relation between water security in the 

household and women empowerment in a different dimension. Therefore, the policymakers 

can emphasize improving water security through a locally effective intervention like 

rainwater harvesting. This water security improvement will ensure empowerment that will 

continue from one generation to another since it is a continuing process mentioned in figure 1 

and argued by Kabeer (1999).  
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