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Abstract

:

The concept of water poverty integrates water stress, access to safe water and sanitation, socioeconomic capacity, water uses and environmental aspects. This study presents a new concept to demonstrate gender-differentiated impacts of water poverty for different livelihood groups in a peri-urban setting. The objective is to identify how gender and livelihood groups are affected by dynamic water poverty. A few peri-urban areas around Dhaka city were selected as the study area, and male and female industrial workers, small-scale male and female farmers, and economically inactive women were the target groups. Data were collected through a questionnaire survey of 220 respondents and using a number of participatory appraisal tools, such as focus group discussions, and semi-structured and key-informant interviews. Water poverty was assessed by its five components: resource, access, capacity, use and environment. Peri-urban water poverty is found not only to be limited to scarcity, or physical availability, of water resources, but also to encompass political, social, economic and institutional dimensions. The study found that inadequate availability and quality of water, restricted access and use, poor socioeconomic capacity and fragile environment affected every livelihood group, but these factors eventually led to extreme impoverishment for adolescent girls, and physically challenged and elderly women. Suggestions are provided as to how gender issues of water can be balanced at different levels to make water management decisions gender-sensitive.
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1. Introduction


Water is considered as the center of life and livelihoods in rural areas of Bangladesh [1]. Water also plays a major role in human well-being, as well as in economic activities, particularly in agricultural and industrial sectors [2]. High population density, unplanned change in land use, decreasing surface and groundwater levels, unacceptable quality of water and other water issues have added extra stresses on water resources [1,2,3]. The impacts of these stresses fall disproportionately on marginalized groups of society, especially on women and children, as they are regarded as the water managers at household level [1,4,5,6,7,8,9]. Daily struggle for water collection is one of the terrible burdens on women and young girls, who spend a considerable amount of time fetching water over long distances [5,6,10,11]. Women’s duties of providing water at a household level negatively impact their participation in other household activities, as well as in the formal labor market and income-generating activities [1,4,6,7,8,12], and thus hamper their productivity. Meanwhile, the water sector is mostly male dominated, from engineers responsible for designing irrigation systems and farmers responsible for selecting cropping patterns, to upper class/elderly men who decide on the location of canals, tube wells, pumps and other water systems at all scales [13,14]. On the other hand, women have little or no contribution to water provision decisions [14,15]. Men and women should have equal rights to water without discrimination [7]. Hence, concerns about the gender-differentiated impact of water issues need attention in water resources planning for gender-inclusive water management [1]. Gender is a basic axis of social differentiation. Gender is not simply about men and women but defines the way behavior, roles and responsibilities are shaped by the process of socialization which begins from birth and is mediated by different institutions, including schools, the family, organizations, and cultural and religious practices [16,17].



When sources of water are unaffordable or have inferior quality, or there is restricted access to use this water, many poor and marginalized groups suffer a lot. Insufficient and unsafe water means constant suffering from water-borne diseases. In developing countries, hospital beds are mostly occupied by people suffering from water-related diseases. An estimated 443 million school days are lost each year from water-related illness [18]. Women are generally responsible for all tasks involving water, such as cooking, cleaning, laundry, bathing children and cattle, and caring for sick family members [19]. So, water-related illness leads to loss of time, and of educational and employment opportunities for women and young girls. Low incomes and limited access to water also mean choosing whether to pay for water, food, school fees, or medicines [20].



These issues are more prominent in peri-urban areas, due to their disproportionate share of environmental burdens [21,22]. Not everyone is equally exposed to environmental burdens, such as toxic waste facilities, waste dumping, odor issues and other sources of environmental pollution. In peri-urban areas, disadvantaged and marginalized groups bear a greater burden related to water collection and health problems that result from exposure to waste and pollution. The definition of ‘peri-urban’ area varies according to different circumstances in different ways, namely, to denote a place, a concept or a process [23,24]. A peri-urban area is considered to be an extension of a city or a part of an adjacent rural area [25]. The peri-urbanization process can be understood as a concept that describes an interface between three systems: namely, the agricultural system, the urban system, and the natural resource system [22]. A distinguishing characteristic of peri-urban livelihoods is the role of both rural and urban resources in maintaining household water security [26]. A growing number of migrant households, who move towards the city area, continue to engage in the agricultural sector along with the formal or informal urban employment sector, on a more or less regular basis, maintain their mental and socio-cultural links with rural ‘homes’, and even support urban settlers with their rural asset bases as sources of income, giving rise to a phenomenon of what Kruger calls the ‘ruralization of cities’ [27]. Multiple income generation opportunities are there for poor peri-urban women who do not have access to sufficient cash to guarantee access to the basic needs of life [23]. In the peri-urban areas of Khulna, Bangladesh, rapid urbanization, industrialization and land use change adversely affected water availability and access for the communities [28], leading to competition and conflict over water [29]. In Manikganj district, urban land use increased by 4% from 1989 to 1999 and 8% from 1999 to 2009. This rapid change in land use led to a significant decrease in the area of agriculture, water surface, bare land and vegetation cover [30]. All surface and groundwater samples of Singair Upazila (sub-district) exceeded the Bangladesh standard value (0.05 mg/L) for arsenic concentration [31].



Peri-urban residents differ in their adaptive capacity as well as resilience, which is shaped in large part by their ability to mobilize social relationships, access to urban assets, linkages with the urban centers, and access to technologies. Peri-urban spaces face unique water governance challenges too [32]. They are also marked by environmental degradation, marginalization, lack of services and regulation, informality and illegality. Basic service infrastructure groans under the pressures of peri-urban population growth. Socioeconomic heterogeneity of the peri-urban interface often leads to conflict between different groups. It is thus a challenge for most citizens to access safe and secure water [33]. Both rural and urban authorities often fail to address the needs of peri-urban communities. The most prevalent water-related challenges for peri-urban residents are water pollution due to industrial and domestic waste with the presence of iron, arsenic and manganese in water, encroachment of water bodies, and finally lack of institutions and actors in the water sector. Considering these issues, it is more challenging to ensure safe water for poor peri-urban settlements. All these water-related issues lead the peri-urban poor settlements towards water poverty. Hence, these issues need increased academic attention and acknowledgement in policy making to eradicate water poverty and ensure water sustainability. Also, acknowledging these water-related issues in the peri-urban context from a gendered lens is important to investigate the impacts of water poverty.



Water poverty is basically a measure of water scarcity, where water scarcity is evaluated by incorporating both physical scarcity of water and socioeconomic factors. Components such as water availability and accessibility, use and environmental condition are combined to estimate water scarcity [3,34]. Water scarcity is more concerned with measuring available water and its associated issues, which is related to resource availability only [35]. Water scarcity is defined as a state of insufficient water to satisfy the requirements of people and also those of the environment they live in [36]. Peri-urban water poverty is concerned not only with the physical availability of water, but also with political, social, economic and institutional dimensions [3]. In water scarcity assessment it is difficult to determine whether water is scarce, in terms of its physical availability (a supply problem), or whether it is physically available but requires more efficient handling (a demand problem) [37]. Current water scarcity assessments are mainly based on measuring water quantity, rather than water quality issues [38]. Physical estimation of water availability cannot always identify a water stress region, as with highest per-capita water availability a region or livelihood group may eventually become water-poor [39]. Water poverty does not focus explicitly on physical availability of water but it considers other important dimensions of water availability and usability, along with socio-economic factors [35,40,41]. Assessment of water poverty in a region, or for a livelihood group, can be done with a cost-effective, transparent process by calculating the Water Poverty Index (WPI) [41,42].



Globally, the impact of water poverty is differently distributed among different regions, nations, and classes of people. Water poverty has become more of an issue in the poverty of lower-class people and disadvantaged groups, especially women, as compared to men, in developing countries like Bangladesh [43].



Several studies were conducted to measure water poverty on different temporal and spatial scales [34,35,39,40,41,42,44]. Those studies focused on quantifying water poverty of different countries, regions, river basins, etc., through a standard water poverty framework that was used for all cases and all scales. Peri-urban areas have different water-related issues which need to be considered while designing the WPI framework. One study modified the existing framework to better capture peri-urban water poverty regarding some disadvantaged livelihood groups [3]. However, it did not focus on the underlying gender-based water linkages for which water poverty could be changing. Our study used this modified framework for peri-urban water poverty to calculate the index value, and also analyzed the gender-based water poverty nexus in a more comprehensive manner. Although there is growing literature on changing and diminishing access to water in peri-urban areas [41,45], efforts to analyze the impacts of this through gender lens have been very few. Several studies explored complex gender-based water interrelations considering different analytical dimensions [1,2,14,19,46]. However, they failed to cover the gender-differentiated impacts of changing access, availability, capacity and environment altogether and the geographic and spatial differentiation related to these dimensions [46]. This paper seeks to bridge this gap.



The objective of the study is to identify gender-differentiated impacts of water poverty in a peri-urban setting. Accordingly, this study seeks to address the current gap with the following research questions:




	
What are the impacts of water poverty on livelihood groups and also on both men and women?



	
How are these impacts shaping current vulnerabilities of particular groups?



	
What are the strategies that can be adopted to cut off the gender-based water poverty nexus in a peri-urban setting?








This paper is organized as follows: Section 2 presents conceptual details on the water poverty framework, Section 3 deals with materials and methods, including information on the study area, Section 4 illustrates the results and the findings of this study, Section 5 highlights some policy recommendations, and, lastly, Section 6 presents some concluding remarks.




2. Conceptual Framework


The water poverty framework considers the full complexity of the situation, along with the smallest details [42]. Water poverty was assessed by considering its five components: Resource, Access, Capacity, Use and Environment [41]. In this study, these five components were used to evaluate the associated impacts, but the indicators were modified as per the prevailing situation in the study area and relevance to the study [3]. Table 1 presents a conventional structure of the set of indicators for determining the final index value.



Resource: This component estimated the physical availability of both surface and groundwater, considering variability and quality, as well as total amount of water [41,42]. However, these indicators were not representative for measuring livelihood groups’ resource availability. So, the indicators were modified as per the present context of the study area [3]. The Resource component denoted availability of water [41], which was understood as its physical availability through rainfall, rivers, and other water bodies in a particular region [14]. Analysis of this component demonstrated how gender and water availability were linked in the midst of peri-urban water pollution and land use changes.



Access: This component measured the extent of access to water for human use, accounting for not only the distance to a safe source, but also the time needed for collection of water for the household. Access means not simply safe water for drinking and cooking, but water for irrigating crops, or for industrial use [42]. Access to water focused on the mechanisms for water allocation and regulation of its uses, and the infrastructure (pumps, pipelines, taps, tube wells) that may support or hinder access, despite the availability of sufficient water in local water bodies or aquifers [14]. Gender and accessibility of water and sanitation were intrinsically linked.



Capacity: Capacity was interpreted in the sense of income to allow purchase of improved water, and education and health, which indicated capacity to lobby for more effective management of water resources [42]. Social and economic capacity denotes mostly the adaptability of the groups towards prevailing water poverty. This component showed how gender and poverty were shaping water poverty in the study area.



Use: The Use component denoted the ways in which water is used for different purposes, including domestic, agricultural and industrial uses [42]. This component indicated the adequacy of either irrigation or domestic water provision for a particular group. Analyzing this component, it was demonstrated how inadequate water provision was affecting gender roles and how much the degree of the impact was.



Environment: An evaluation of environmental integrity related to water and ecosystem goods and services from aquatic habitats in the area [42] attempts to capture the environmental impact of water management to ensure long-term ecological integrity. This component showed how the inhabitants were sharing disproportionate burdens of environmental stress, due to peri-urbanization.



For gender-inclusive water management, all these components and their associated indicators were further grouped into four categories: namely, physical or environmental, economic, social and political. The Resource and Environment components were combined under the physical domain. The indicators of the Capacity component were divided into two domains: namely, economic and political. The indicators of the Access and Use components fell under the social domain. All these domains were helpful in suggesting potential measures for improving the water poverty situation by following gender-inclusive water management. Figure 1 represents the conceptual framework of this study.




3. Materials and Methods


3.1. Study Area


Singair Upazila, situated in Manikganj district, has an area of 217.38 km2. It is bound by Dhamrai and Manikganj Sadar Upazilas in the north, Nawabganj Upazila in the south, Savar and Keraniganj Upazilas in the east, and Manikganj Sadar Upazila in the west. Singair Upazila is divided into one municipality and 11 unions (lowest tier of local administration) [47]. The total population of the upazila is 287,451 [48]. The main rivers are the Kaliganga and the Dhaleshwari. Among the 11 unions, a total of 5 unions, namely Bayra, Dhalla, Jamirta, Jamsha, and Saista, were selected for this study, based on their peri-urban characteristics (Figure 2).



Most of the inhabitants in the study area fall under the age group of 30 to 49 years. Agricultural farming is the main occupation in the study area, whereas the percentage of industrial workers in the Dhalla union has recently increased to a large extent due to rapid industrialization. The distribution of occupation in the study area is as follows: industrial worker - 0.98%, farmer - 42.80%, agricultural laborer - 14.04%, and wage laborer - 2.55% [49,50].



The study area offers sufficient existence of both urban and rural characteristics. These areas are located beside a large city (Dhaka), and are outside the formal urban jurisdiction and identified as zones in transition. Both agricultural and non-agricultural activities exist simultaneously, though the agricultural and rural characteristics are gradually decreasing in relation to urban landscapes. The total urban area in Singair Upazila has increased from 8.31 km2 in 2001 to 16.56 km2 in 2011 [51]. Accessibility and availability of different livelihood groups were the other important considerations in the selection of the study area. Table 2 gives a comparative profile of the study area.



The climate of the study area is tropical monsoon with hot summer and cool winter. Maximum average temperature over the year is usually observed in April (36.7 °C) and minimum average temperature in January (10.1 °C) [52]. The main source of drinking water is groundwater using tube wells. Excess extraction has caused the groundwater level to deplete at a rate of more than 1.0 m per year in the study area. Groundwater is available at around 5.3–7.6 m below the ground surface [53]. The main surface water body in the study area is the Dhaleshwari river which serves the purpose of natural drainage of storm water. Several factories are present on the banks of the river which receives their waste streams. The study area is subjected to riverine flooding with flood depth ranging from 0–0.1 m in some areas and from 0.1–0.3 m in others [54]. During the monsoon season, especially in July and August, crop loss occurs, due to heavy rainfall.




3.2. Data


Primary data was collected from 5 unions. The major disadvantaged livelihood groups, namely industrial workers (male and female), farmers (male and female) and economically inactive women, were the target groups. Workers who are currently working in garment factories, steel industries, and washing plants, with monthly average incomes less than US$100, were considered as respondents for the industrial worker group. The industrial worker group was sourced only from Dhalla union, as other unions did not have sufficient respondents from this group. In the farmer group, small-scale male farmers (0.02–1.00 ha of personal land, and also agricultural laborers working on others’ farms) [50] and women involved directly in farm activities (seeding, weeding, post harvesting) or indirectly (cooking or carrying lunch on the farms for the workers) were considered. The economically inactive women group consists of unemployed women, adolescent girls, physically challenged and elderly women who are not involved in any kind of economic activities. Adolescent girls are in the age group of 10 to 19 years [55,56] and elderly women are aged 60 years and above [7].



Primary data were collected through Focus Group Discussions (FGDs), Key Informant Interviews (KIIs) and a household questionnaire survey. A total of 17 FGDs were conducted in 5 unions with male and female members of the industrial worker group (2 FGDs in Dhalla union), the male farmer group (5 FGDs in 5 unions), women involved in agricultural activities (5 FGDs in 5 unions), and the economically inactive women group (5 FGDs in 5 unions), between October and December, 2018. 14 KIIs were conducted with Assistant and Sub-Assistant Engineers from the Department of Public Health Engineering (DPHE) in Singair Upazila, two local school teachers, 5 large farmers (1 in each union), and 5 local representatives (1 in each union), in December, 2018. Also, a total of 40 in-depth interviews with the target groups were conducted to capture the gender-differentiated impacts of water poverty. Data from the FGDs, KIIs and in-depth interviews were used to determine the gender-differentiated impacts of water poverty in the study area.



A household questionnaire survey was also conducted with 220 respondents after pretesting the questionnaire (Table 3). The sample was selected through a purposive random sampling method. According to the published tables by Glenn (1992), which provided the sample size for a given set of criteria, sample size for ±10% precision levels, 95% confidence level, sample proportion p = 0.5 and size of population >100,000 is 100 [57,58]. In this study, the total population is 131,615 (Table 2) and hence the sample size (220) is considered to be representative.




3.3. Methods


To evaluate the gender-differentiated impact of water poverty, this study followed a mixed method approach (Figure 3). Gender inequalities in the study area, due to the exacerbating water situation and peri-urban features, were identified by reviewing relevant literature and conducting reconnaissance surveys. Then, a qualitative evaluation was conducted through FGDs, KIIs and in-depth interviews with local communities, administrative officials and experts in order to portray gender-differentiated impacts in the water poverty framework. A quantitative analysis was done through a questionnaire survey to establish the overall comparative water poverty situation and to validate the qualitative results. Finally, some policy suggestions were made, based on the findings and experiences gained during the study.



3.3.1. Qualitative Assessment


The qualitative assessment was done through FGDs, KIIs and in-depth interviews. Quotations were also used to contextualize gender-differentiated impacts of water poverty. A qualitative analysis of narratives and quotations was supplemented by data from a total of 40 in-depth interviews, 17 FGDs with the target groups and 14 KIIs.




3.3.2. Quantitative Assessment


A semi-structured questionnaire survey of 220 respondents was conducted with the target groups in order to calculate the index values from 5 components of WPI, namely Resource, Access, Capacity, Use and Environment. Responses from the questionnaires were converted into numeric scores using a scale of 0 to 100 (0 = risky, 33 = poor, 67 = acceptable and 100 = fair) [3,60]. The qualitative indicators under 5 components were also rated using the same scale.



Indicators under Resource and Capacity components were grouped into some subcomponents that corresponded to major water issues. For Resource, they were surface water availability and quality, groundwater availability and quality, and rainfall pattern; for Capacity, economic and social capacity. Each subcomponent was given an equal weighting within the components to reduce sensitivity from an unequal number of indicators [61]. For the Access component, indicators were access to safe water supply (for the farmer group, this indicator was access to irrigation), and improved sanitation and healthcare facilities. For the Use component, adequacy of daily water provision and conflicts regarding water use, and for the Environment component, reduction in fish species, damage and loss due to flood or drought, crop loss, drainage facilities and reduction in vegetation cover were chosen as the indicators [3]. All the indicators were given equal weightage. The value of each component was calculated by simply taking the average of all the indicators under that component [45,61]. After calculating the values of five components, the final index was calculated by taking the mean of the five component scores, with equal weighting. An equal weighting was used instead of other weighting, such as weighting based on multivariate analysis, to make the index construction as simple as possible for the sake of community transparency [61,62,63].



The highest value of the WPI, 100, is the best situation (or the lowest possible level of water poverty), while the lowest value of 0 is the worst situation (or a more extreme case of water poverty) [44,62]. Although there were no universally accepted interpretations on WPI scores, scores were classified beforehand as: 0 to 47.9 as severe water poverty, 48 to 55.9 as high water poverty, 56 to 61.9 as medium high water poverty, 62 to 67.9 as medium low water poverty, and 68 to 100 as low water poverty [64]. Then, multiple linear regression was used to assess the ability of 11 control measures to predict WPI (Table 4). The objective is to better understand how these variables influence water poverty. Preliminary analyses were conducted to ensure that there were no violations of the assumptions of normality, linearity, multicollinearity and homoscedasticity [65,66].






4. Results


Data were collected from respondents of different genders, ages, education levels and occupations to make the survey results representative. Details of the survey respondents are given in Table 5. It is seen from the table that the age group 31–40 was the most prevalent group, and the majority of the respondents had no formal education.



According to the WPI values (Table 6), all the unions are experiencing water poverty but the severity of it is different for different unions and also for different livelihood groups. Among all the unions, Jamsha had the highest index value of 64.6, indicating that it was the most water-secured union. Bayra, with an index value of 60.7, was the next water-secured union. The Dhalla union had an index value of 51.3, which indicated that the union had high water poverty. Finally, Jamirta and Saista unions experienced severe water poverty, with index values of 46.4 and 35.4, respectively. Among the livelihood groups, the economically inactive women group faced severe water poverty with an index value of 47.5. The farmer group fell under the high water poverty class and the industrial workers faced medium water poverty. The underlying reasons, and potential impacts, of this differential water poverty are explained in the following sub-section.



4.1. Gender-Differentiated Impacts of Water Poverty


The impacts of water poverty on the livelihood groups were assessed by looking into its 5 components: namely Resource, Access, Capacity, Use and Environment. Hence, the five impact areas are: impacts related to inadequate and unacceptable resource, impacts related to inadequate access to safe water and sanitation, impacts related to poor capacity for water management, impacts related to restricted use of water, and impacts related to poor environmental condition. Different unions suffered from different levels of water poverty. Data from FGDs, KIIs and in-depth interviews with the respondents and local community assisted in interpretation of the impacts on the groups.



4.1.1. Impacts Related to Inadequate and Unacceptable Resource


The Resource component is comprised of the indicators that reflect the condition of surface water, groundwater and rainfall in the area. As per the findings, Jamsha had the highest score for Resource component (62.5), and Dhalla had the lowest score (26.6) (Figure 4a). Among the groups, the industrial workers’ score was the lowest (Figure 4b). As the industrial workers were from the Dhalla union, they suffered due to the union’s unacceptable resource quality.



Almost all the respondents in the unions reported a decrease in surface water level, indicating lower availability of water than before. The Dhalla union is situated on the bank of the Dhaleswari River. In recent times, the water of this river has become polluted to a greater extent, due to newly established tanneries by the river. Along with this, the other surface water bodies of the study area, such as ponds and small canals, remained dry in most months of the year. As a result, people of this area had to depend entirely on groundwater. One elderly woman from the Dhalla union said, “Approximately 15–20 years back, we used the river water for bathing, cleaning, and washing clothes and utensils. At present, the water quality has degraded so much that if we use this water for any of these purposes, we are prone to suffer from skin and other diseases. So, we have been using groundwater for all purposes. But, in summer, the depletion in groundwater is also a problem for us. If the ponds were full of water throughout the year, our sufferings could be reduced as we could not go to the local elites’ houses to collect water”. The quality of surface and groundwater is worst in the Dhalla union, due to pollution of the river. On the other hand, the Jamsha union is situated near the Kaliganga River and the river water is not polluted at all. The inhabitants often use this water for bathing, cooking, and washing their clothes and utensils. The farmers also use this water for irrigation purposes. Hence the reports of illness are lower than for the other unions.



Quality of water affected every group, but it particularly affected women and poor people. As women are the household managers, they have to do all water-related tasks. For this reason, if the quality of water was not good, women of every family suffered from water related skin diseases, like itches and rashes. So, the rate of occurrence of illness was higher for the female groups than for the male groups. One woman from the Saista union mentioned that she had been suffering from skin allergies (itches, rashes, etc.) frequently due to the poor quality of water. In addition, a small farmer also informed us that he had suffered from serious skin diseases during cultivation. Women are the primary caregivers of the families, and hence if any family member suffers from any disease, women are prone to take on extra physical burden and mental pressure. If the quality of water is not good, then women need to travel long distances to fetch safe and clean water. Dealing with arsenic and iron contaminated water also puts burdens on women and young girls, as they have to carry water from other safer sources. The arsenic concentrations in water samples collected from the Jamsha, Jamirta and Saista unions were 0.69, 0.27 and 0.80 mgL−1, respectively [31]. All the measured values of arsenic exceeded the Bangladesh standard value (0.05 mgL−1) and the WHO standard value (0.01 mgL−1) [67,68]. In this study, Dhalla union has the highest number of respondents reporting water sources contaminated with both arsenic and iron (Figure 5).



Almost 80% of the women involved in agricultural activities reported minor (skin irritation) and moderate (skin disease, allergy) illnesses from using surface water. The physically challenged and elderly women in Dhalla also reported major, or extreme, illnesses (cholera, typhoid and dysentery) from using surface water. The respondents identified rainfall variability and illegal dumping of wastewater from industries as significant reasons for water shortages. Illegal dumping of industrial waste led to serious water pollution, which resulted in severe water scarcity for the people who used to rely on river water for domestic and agricultural uses. Soil pollution, or illegal dumping, was causing groundwater pollution, as harmful substances leached into the groundwater during rainfall. A small farmer (male) from the Dhalla union said, “I used to utilize river water for bathing my cattle. After using that water, my body started itching. The water is highly polluted due to hazardous chemicals dumped from the tannery estate. If the river water or local ponds could be used for bathing of livestock, then the pressure on groundwater could be decreased”.



The quality of common tube well water was described as poor by 84% of the respondents from the Saista union. The supply water had a brownish color and an unpleasant smell. Due to the poor groundwater quality, adolescent school-going girls suffered the most during their menstrual cycle. A girl from the Saista union, aged 14 years, said, “My family drinks water from the nearest government tube well as our own tube well is marked red for the presence of high level of arsenic. The collection of water from government tube well is very time consuming, especially in summer. During these days, I have to collect water even when I am physically sick. I feel very tired”. A small farmer from the Saista union said, “When my wife was pregnant in the last summer, I had to fetch water from a distant tube well for my family. The water quality of my own tube well is not satisfactory”.



Data on rainfall variability showed that the perception of the farmer group was more accurate than the other two groups. About 91% of the farmer respondents reported on high variability of rainfall. The other groups were not aware of the changes in rainfall and other climatic parameters. The degree of rainfall variability in the study area varies from 20% to 48%, which is medium to high [3].



From multiple linear regression (Table 7), it appears that surface water, groundwater and rainfall accounted for only 7% of the variability in water poverty of the industrial workers (R2 = 0.066) with groundwater recording a higher beta value (beta = 0.225, p < 0.001) than surface water (beta = 0.135, p < 0.001) and rainfall (beta = 0.020, p < 0.001). If we could increase groundwater, surface water and rainfall scores by one standard deviation, the water poverty scores would increase by 0.23, 0.14 and 0.02 standard deviation, respectively. Regarding the farmers, surface water has the major impact, and for the economically inactive women, both surface and groundwater have almost similar contributions to the index value.




4.1.2. Impacts Related to Inadequate Access to Safe Water and Sanitation


The Access component is comprised of the indicators measuring the accessibility to safe water supply, sanitation and healthcare facilities of the respondents. The value of the Access component showed that Jamsha, Dhalla and Bayra had better values than Jamirta and Saista (Figure 6a). Among the groups, the industrial workers’ score was the highest (Figure 6b). A reliable and satisfactory water supply system in the Bayra and Jamsha unions eased the water collection process for the inhabitants of those areas. The Dhalla union also had satisfactory access to safe drinking water.



Collection of water: The study revealed that women were overburdened, as they had to perform all the household duties. About 84.2% of the male respondents perceived that collecting water for a household was the duty of women. One of the adolescent respondents stated, “Despite having two younger brothers, the duty of water collection is my responsibility only. My family does not allow the male children to fetch water for the household”. A large farmer in the Dhalla union said, “In our area, collection of water is seen as the women’s duty. This is the common practice. The male members of the households are mostly engaged in wage-earning activities. So, they are not involved in the household chores”. These statements confirm that the society is patriarchal in structure and division of labor is gender-biased.



In the study area, some respondents mentioned that safe and good quality water was available in their next-door neighbors’ houses, but it was not always accessible. This was mostly due to the existence of power relations and absence of social capital. Sometimes, the deep tube wells were accessible only to women due to certain religious beliefs. A small farmer in the Saista union said, “I am not allowed to collect water from my neighbor’s tube well, even when my wife is sick or busy in the household chores. The female members of that house were hesitant to allow outside men to fetch water. Despite having the chance of helping my wife in collection of water, I cannot do so”. So, from these findings, it can be said that in the context of accessibility of water, women, adolescent girls and the female heads of households suffered a lot.



Intermittent supply of water: Water supply in the study area varied from one season to the other. In the dry season, water supply became highly intermittent. The piped water supply in the Dhalla union was available from 6:00 to 10:00 am, and again from 3:00 to 4:00 pm. In this union, the supply was intermittent and the timing of supply was less reliable than in Bayra and Jamsha unions. A female industrial worker in the Dhalla union said, “I have a piped water connection at my home which is highly erratic in the summer season. Sometimes, I cannot store enough water for the whole day, as I have to stay away from home for a considerable period of time. The timing of water supply is very irregular”. According to a male industrial worker in the Dhalla union, “The service from the piped network is under huge pressure at present and it is worse than before as a result of population growth in the area”. On the other hand, a female farmer in the Jamsha union said, “The water supply system is very reliable and the water is of good quality and highly satisfactory”. However, the respondents from the Dhalla, Bayra and Jamsha unions had an advantage over the respondents from other unions in their piped water connection. They did not need to collect water from a distant source.



Distance to source: In the Saista union, women suffered from time poverty due to distant water sources. The distances travelled by the respondents were within a 3 km radius. One of the unemployed women said, “My home is approximately 1.5 km from the common water source. I have been waiting in the queue for the last 2 h. I need approximately 5 to 10 min to fill up my containers. Then I spend one hour to get home after filling the containers. I carry two heavy buckets, and for this load, my journey takes more time than usual”. It thus emerges that the female respondents invest approximately 5 to 6 h per day in fetching water once.



The time spent in fetching water in the Saista union put the female farmers at a disadvantaged position compared to the male farmers. Females were deprived of equal opportunities as males to engage in economic activities because of the burden to fetch water. A female farmer who works on others’ farms on a daily wage basis revealed, “Sometimes, I do not go to work due to fatigue when I have to collect water twice a day and do all the household chores. As a result, my wage is cut for that day and my contribution to the household income is reduced. In consequence, my opinion concerning how my earnings are used has become valueless”. Thus, the fatigue from collecting water adversely affected the performance and productivity of women. The respondents indicated that better water access would increase their income earning potential. Young girls faced difficulties in balancing their education and household activities. One of the adolescent girls revealed that the task of collection of water during weekdays had negatively affected her schoolwork, as a result of fatigue and stress.



The majority of the female respondents reported that they had to collect water even when they were sick. 125 out of 160 female respondents stated that the collection of water was mandatory for them in any circumstance. Only 5 respondents had supporting family members who helped them in collecting water in case of illness (Figure 7a). Another finding indicated that 15 respondents who collected water for their families faced security issues during the collection of water (Figure 7b). Even after facing such issues and sharing these issues with their families, they still had to collect water. These societal and family situations and practices caused a serious gender-differentiated impact on poor accessibility to water.



Sanitation and healthcare facilities: In the study area, women were more aware of the health issues arising from lack of sanitation and medical facilities than men. Only 23% of male respondents reported that sanitation was seen as less of a priority than access to drinking water, whereas 93% of female respondents prioritized sanitation facilities and access to drinking water equally. Most of the industries provided drinking water points and separate washroom facilities for women on each floor. An industrial worker, aged 29, said, “There is no drinking water point near my seat. The water point is almost at the other end of the room (at around 30m distance). I usually avoid drinking water while working as it seems wastage of time. A medical officer is on the ground floor, but I do not pay a visit even when I am sick as it will affect my productivity. I cannot visit a private hospital as it is not affordable or a government hospital due to my long working hours. The factory does not accommodate the needs of female workers of reproductive age”. Female workers were highly concerned about the necessity of a gender-friendly workplace, especially considering specific needs during pregnancy, such as better washroom facilities and provision of water points equally accessible to all.



All the adolescent girls revealed that lack of adequate female toilets and access to clean water for washing hands in schools and homes made it difficult to ensure hygiene during menstruation. A female industrial worker in the Dhalla union said, “On my floor, there is only one washroom, which is used by around 250 female workers and is not well-maintained”. About 34.6% of the respondents suffered from urinary tract infections due to improper sanitation facilities. All of them were from the unemployed and elderly women group, whereas the rest of the respondents were unaware of this disease. An industrial worker, aged 35, said, “The water point is easily accessible to him, but the number of washrooms inside the industry is not adequate for all the workers”.



Few respondents from the economically inactive women group reported on their lack of access to medical facilities. Several factors were behind this situation. The major reason was that they were mostly dependent on some other male members to take them to the hospital or bring them their prescribed medicines. Their lack of decision-making power and social relations were the other factors.



Although the impacts due to poor sanitation and medical facilities were differently distributed among gender, age and occupation, all the groups in the study area had better provision to sanitation and medical facilities due to the peri-urbanization process.



Multiple linear regression results showed that for the industrial worker group, the two variables, access to safe water and access to sanitation and medical facilities inside their industry, explained 49.7% of the index value (R2 = 0.497), with access to sanitation and medical facilities recording a higher beta value (beta = 0.679, p < 0.001) than access to safe water (beta = 0.204, p < 0.001) (Table 8). If we could increase the scores for the access to sanitation and medical facilities, and to safe water, by one standard deviation, the water poverty score would rise by 0.679 and 0.204 standard deviation, respectively. From this analysis, it is evident that the group had better access value (69.6, Figure 6b), due to the better score in access to sanitation and medical facilities. For the farmers, access to safe water (access to irrigation), and for the economically inactive women, access to sanitation and medical facilities are the major predictors for the final index value.




4.1.3. Impacts Related to Poor Capacity for Water Management


The Capacity component is comprised of the indicators measuring both economic and social capacity of the respondents. The respondents from the Bayra union had better capacity for water management than other unions (Figure 8a). Among the groups, the industrial workers’ score was the highest (Figure 8b).



Affordability: The Dhalla and Saista unions had different water pricing strategies depending on water availability. As far as affordability is concerned, the small farmers of Saista were the most disadvantaged group, due to a higher water price. In the Dhalla union, most of the respondents paid a monthly bill of $4.11–$4.70 for water. A small farmer, aged 50, said, “I cultivate rice, mustard and vegetables. I do not have my own land and so I work on other peoples’ land on a contract basis. Currently, I am using shallow tube well to irrigate their farms. In the dry season, the water level goes down, so it becomes very difficult to irrigate and also to store sufficient amount of drinking water. The amount that I have to pay for water ($7.05 per month) is very high compared to my income. The profit from rice cultivation is very low, but the cost of water and labor are very high”. This revealed that their cost to income ratio was very high. About 42.9% and 56.7% of the respondents in the Saista and Dhalla unions, respectively, had piped water connections. However, 87.5% of the small male and female farmers in the Saista union reported very high cost to income ratios which implied that they had less affordability. Thus, the higher the cost to income ratio was, the lower the affordability was.



Discrimination in wage rates of male and female farmers was prominent in the study area, which in turn affected the affordability of the groups. As a result, female workers, who paid their water bills, or who contributed financially to their family, had to struggle a lot to fulfill their daily target. According to a female industrial worker in the Dhalla union, “I have a ten-hour workday with one-hour lunch break with constant pressure of achieving the target on my head though the wage rate is not satisfactory. The wage rate should be fair and free from discrimination”.



Economically inactive women had a lower index value than the other groups, due to their inability to pay for water. They were entirely dependent on other family members for making any financial decisions, including paying for water and healthcare.



Social networks and relationships: Access to financial help from relatives or institutional loans from NGOs, during water-related disasters, is an important indicator of the groups’ capacity for water management. In this regard, only 8% of the adolescent girls, and the physically challenged and elderly women in the Saista union had access to financial help in case of an emergency. The duration of residence is another factor that positively influences the capacity score of a group. The more the duration of residence is, the greater the chances of getting help from neighbors and local people in the case of an emergency. In this regard, a male industrial worker said, “I formerly lived in another union. But recently I have shifted to the Dhalla union due to my work. Here, I do not have any access to bank loans or financial help from the neighbors”. Adolescent girls had lower chances of getting financial help unless other family members got the help from their relatives. Thus, institutional and political linkages heavily influence the capacity of the local people. An unemployed woman of the Saista union stated, “It takes 3 h daily to fetch water. Today the queue is slower than usual because preference is given to those linked to a local NGO. I have been here for almost 3 h”. In such cases, the economically inactive group are most disadvantaged due to the power relations in the locality. These cases are some examples of how social capital is shaping differential access to water. Bourdieu argues that social capital is manifested through benefits derived from social networks. However, the source of social capital stems from social, economic and cultural structures that create differential power and status for specific individuals and not others. Bourdieu framed social capital as accrued actual or virtual resources acquired by individuals or groups through the possession of ‘more or less institutionalized relationships of mutual acquaintance and recognition’ [69].



Participation in decision-making: The majority of female respondents in the study area (80%) believed that they had equal chances of being selected in local water management committees. However, most of the female respondents are excluded from formal participation. The key reasons behind women’s inactive involvement in NGOs, or other institutions, were identified from this study as those below:




	
Women lacked knowledge about water management issues. So, they lacked confidence to attend and participate (95 out of 180 female respondents agreed);



	
Women lacked interest in water management issues (15 out of 180 female respondents agreed);



	
Women did not consider it their role to attend such meetings and participate (22 out of 180 female respondents agreed);



	
They needed permission of their husbands to attend the meetings (153 out of 180 female respondents agreed);



	
Family tradition and cultural norms prevented women from attending and participating in the meetings (171 out of 180 female respondents agreed);



	
Husbands thought that women would challenge the existing roles in the household and community by participating in the meetings (61 out of 180 female respondents agreed);



	
Lack of land ownership prevented women from membership or participation in the committees (159 out of 180 female respondents agreed).








One of the inhabitants in the Dhalla union said, “Women in our village are already overburdened with responsibilities of childcare, household chores, livestock care and agricultural work. Where is the time for attending village meetings or other training activities? Also, attending meetings where men are there is against our cultural norms”. This statement depicted the cultural restrictions on women’s participation in decision-making processes in the study area. Some women respondents who used to attend meetings agreed that they only participated in the meetings, but were not vocal about their problems and issues.



Active involvement of women in committees will not only require nominal participation (just being a member of the committee) but also requires them to be interactive participants (raise their voices to make a decision in their favor) [70,71]. Only 12% of the female respondents considered themselves as empowered women to make decisions regarding their income, crop production and utilization of resources.



Education: The Education ratio is measured by the ratio of the number of household members completing primary level education to the total number of household members. The Education ratio is important for the disadvantaged groups to raise their voice and fight for their rights. Water scarcity makes it difficult for young girls to get the education that they need because they often remain sick and miss school days, or they have to help fetch water for their family. In this case, 66.7% of the adolescent girls reported that they missed school when they had to collect water early in the morning.



Water governance: Water governance relates to a range of political, social, economic and administrative systems that are in place to develop and manage water resources and the delivery of water services at different levels of society [72]. It includes government and non-government organizations, laws and regulations, and water-related programs and policies where gender is generally excluded. In the study area, the rainfall magnitude is the same as the national average. The water body can be restored with water during the rainy season which does not last throughout the year. The poor and marginalized people are less capable of storing water in a scientific way, and cannot use rainwater for long periods. In some houses of Saista, people collected rainwater in a “Maithel”, but the capacity was not sufficient. The collected rainwater was used only for cooking rice; if it was cooked with water from other sources contaminated with iron, it became brown. One female respondent urged that if they could get training on rainwater harvesting, it would be very helpful for them. As the study area has peri-urban characteristics and is changing its spatial characteristics, the natural water bodies are depleting due to land use and land cover changes. There is no authority to organize a training, or capacity building, program. In the Bayra union, BRAC, an international development organization based in Bangladesh, was working on human rights and social empowerment of poor women. This activity led towards better Capacity value of the Bayra respondents.



As a cultural practice, women and marginalized people often have no right to land and water. In the study area, all the inhabitants, including women and men of all strata, were not well aware of the activities, laws and regulations, and programs and policies of water-related organizations. In this context, due to lack of capacity and affordability, this experience was worse for the most disadvantaged population and vulnerable groups, who are mostly women. According to a respondent, very few water management activities are performed by government and non-government organizations in the study area.



In most cases, women who are participating in any kind of farm activities, through either cooking or carrying lunch to the farm or participating in post-harvesting activities, are not recognized as working women. So, no opportunities for capacity development are present in the study area.



Role in operation and maintenance: In the study area, women were not actively involved in most of the decisions regarding crop selection, when to irrigate, payment of irrigation fees, and spending additional income. These were all largely male-dominated decisions. The findings from this study indicated that independent decision-making by women in water-related matters was rare. The female farmers’ involvement was higher with respect to voicing the needs and concerns of women, assessment of water supply/demand, and monitoring water use than for the other female groups. On the other hand, very low involvement of the economically inactive female group was reported regarding decision-making related to water distribution, pricing, maintenance, and taking action against misusers.



Multiple linear regression analysis showed that for all the groups, the two variables, economic and social capacity, explained about 40% to 46% of the index value (R2 = 0.404, 0.396, 0.464) (Table 9). For industrial workers and the economically inactive women group, social capacity is the major predictor of the index value. For the farmer group, economic capacity is the major predictor of the index value. From this analysis, it can be said that the industrial worker group had a better Capacity value (57, Figure 8b), due to their better social capacity. For economically inactive women, the poor Capacity score (31.2, Figure 8b) was due to poor social capacity.




4.1.4. Impacts Related to Restricted Use of Water


The Use component is comprised of the indicators measuring perceptions on adequacy of daily water provision and conflicts regarding water use. The Bayra, Jamsha and Dhalla unions had better scores than the Jamirta and Saista unions. The respondents from the Bayra union had the highest value for the Use component (86.7) and that from the Saista union had the lowest value (47.1) (Figure 9a). Among the groups, the industrial workers’ score was the highest (Figure 9b).



Adequacy of daily water provision: The study found that only 21 respondents, out of 220, reported that no water shortage was faced by them. Thirty-two respondents reported low shortage, where low shortage indicated that this water shortage can be easily managed. The majority of the respondents (102 respondents) ranked the level of water shortage as medium. Medium water shortage indicated that the water shortage was due to a seasonal difference and the availability was highly influenced by this. Due to these factors, the respondents were unable to withdraw water from their own drinking water sources. Sixty-five respondents reported that they faced high shortage of drinking water (Figure 10a). Out of 100 farmer respondents, 55 reported high shortage of water (Figure 10b). The farmers reported that water shortage was growing day by day due to changes in rainfall pattern, water pollution, rapid urbanization and land use changes.



Conflicts: If there is conflict over water use, it gets more difficult to access the water. In the Saista union, people ended up fighting with each other while trying to access water from a government tube well during summer. One of the respondents reported, “We sometimes get tired of waiting in long queue while collecting water in hot temperature. Hence, if someone tries to get in the middle of the queue from behind, other people become restless and in a worst-case situation, they start fighting with each other”. The conflicts regarding water use were reported to be higher in the summer than the other seasons in the Saista union. Moreover, people stopped sharing water sources with their neighbors when water shortage was acute in the locality.



Physical violence: There is a relationship between the gender-based division of labor around water collection, poor access to water, and domestic violence. A female respondent, aged 44, living in the Saista union, stated, “I work both in farms and at home. I am involved in post-harvesting activities, and also, I have to cook for my family members and laborers who work in the farms. Both inside and outside activities need water and I am the only responsible manager of it. My husband is a small farmer who works in the farms the whole day. I have to carry his lunch to the farms. As I am living in an area where water availability is highly erratic, sometimes I do not have enough water to store. My husband often beats me for not having enough water when he comes back home”. According to her statement, working in both farm and home is not an easy task. It gets tougher when there is not enough clean and safe water at home. Almost all the adolescent girls reported that they faced physical violence when they could not bring water in a timely fashion. This situation presents a picture of gender-based violence in relation to water collection in the study area.



Multiple linear regression analysis showed that for all the groups, adequacy of daily water provision is the major predictor of the index value (Table 10).




4.1.5. Impacts Related to Poor Environmental Condition


The Environment component consists of the indicators measuring environmental stress, and loss and damage due to water related disasters. The Jamsha union had the highest score (65.9) and the Dhalla union had the lowest score (41.3) (Figure 11a). Among the groups, the industrial workers’ score was the lowest because this group belonged to the Dhalla union (Figure 11b).



Environmental stress: If water poverty persists for a longer period, it may lead to loss of many animals and plants. According to the respondents in the Dhalla union, there were no consumable fish species in the water bodies in the union. In the Saista union, though fish culture was practiced in some ponds, fish species had reduced over the past 15 years. As a result, the fishermen group had to diversify their livelihoods, or migrate to other peri-urban unions for income generation. Also, many plants either could no longer be grown, or their reproduction rates were insufficient, causing serious biodiversity loss. A respondent in the Dhalla union said, “About 15–20 years back, there were about 132 large and small canals all over the union. Now there are about 15–20 canals and local ponds only. The government has acquired the land containing a long canal for construction of a connecting road throughout the union”. He also added, “Previously I used to be a fisherman. But now aquaculture is impossible in this union due to massive industrialization and illegal disposal of wastewater into the water resources”. A small-scale, landless farmer in the Dhalla union, said, “We, the farmers, are suffering the most due to the contaminated water sources. Groundwater contamination is very common in this area due to the tannery wastes dumped into the river. We are using it for irrigation purposes. Currently we are facing crop loss more often than before”.



Reduction in vegetation cover over the last 15 years was evident in the study area. Almost all the respondents reported disproportionate balance in the land cover. About 60% of the respondents noticed that the urban area had increased, and the water bodies and vegetation had decreased in the area. They suggested restoring these areas. The majority of the respondents labelled peri-urbanization as a negative feature in response to the question, “How would you characterize peri-urbanization in your area?” (Figure 12). This perception was built due to the consequences faced by them, due to water and soil pollution, restricted access arising out of water shortage, increasing conflicts and environmental stress. However, some respondents labelled peri-urbanization as a blessing because of diversified livelihood opportunities, improved access to sanitation, medical facilities and education, and rapid development of their respective areas.



Water related disasters: The study area faced flooding in the rainy season and drought in the dry season about 15–20 years ago. The severity of loss and damage due to flooding or drought in the last 15 years was reported to be moderate by 88.5% of the respondents. Drainage congestion, due to dumping of waste irregularly, is another problem for the local people. Blocked drains and canals led to water logging in the area. Adolescent girls suffered the most due to water-related disasters and issues of maintaining hygiene and sanitation. The farmer group suffered due to crop loss in the study area. According to them, crop loss had increased to a large extent over the last 15 years. Increases in insect attack, groundwater depletion and climate variability (changes in the pattern and intensity of rainfall and temperature) were responsible for this.



Multiple linear regression analysis showed that for all the groups, environmental stress is the major predictor of the index value for the farmers and economically inactive women group (Table 11).






5. Discussion


The study shows that water poverty prevailed throughout the study area even though some parts were not considered water scarce. The WPI values accurately reflected the existing situation among the unions and livelihood groups. In this regard, scale issues are a very important factor to portray the real picture, as the results merely depend on selection of up-scaling or down-scaling [73,74]. In order to reflect actual variations, scales need to be selected at which the indices are applied for policy purposes [41]. The application of the index values at national level is of limited use, as the dynamism of water poverty may be obscured by aggregation of a large set of data [75]. To produce representative WPIs to inform policies, the method must follow a participatory and inclusive approach for targeting the water poor [41,76]. The method used in this research accurately reflects local perceptions of water poverty [66]. This study has been successful in identifying the link between poverty, resource accessibility and socio-cultural contexts.



This study provides a means of understanding the complexities of the gender-differentiated impact of water issues by integrating physical, social, economic and environmental aspects, and by linking water issues to poverty [44]. The study reveals that different groups suffer differently in the study area. Also, geographic location of the unions influences water poverty in the study area [3,45].



The survey found that the gender-differentiated impact of water poverty was shaped by gender inequalities, and the most significant variables that impact gender inequalities in the water sector were land use and ownership of resources, labor markets, income, decision-making aspects, education and access to information and technology [17,59,77]. Lack of land ownership restricts women’s access to institutional loan and credit which, in turn, hampers their economic capacity [46,59]. Inability to participate in financial decision-making aggravated the limited participation of women in trainings and village meetings [59,78]. Active participation in trainings should be encouraged for those who are willing to participate in decision-making activities and agricultural management [59]. The study argues that women need to be placed in water management positions to empower them [5]. However, only nominal participation cannot improve this situation, which heavily persists in the study area [70,71].



This study claimed that the WPI was primarily dependent on the Access and Capacity components and the impacts associated with these components greatly influenced the livelihood groups [40]. The study showed that severe water poverty will increase vulnerability of women towards increasing health issues, due to poor quality of water, and decreasing education and employment opportunities. In peri-urban areas, these situations will degrade due to rapid urbanization and population growth. There is no chance of improving the gendered distribution of household responsibilities, as these norms are deeply entrenched [11]. Reports on personal security issues and water conflicts proved another dimension of gender inequality, which is also deeply entrenched in the societal norms [1,2].



The study also established that religious and gender differences strongly affected access to water [59]. The study found that harvesting and post-harvesting activities were considered as feminized labor, which were the responsibilities of women and young girls. Women’s roles in irrigation, agricultural harvesting and household chores were largely ignored and taken for granted [14,16,79]. Also, male contributions to domestic tasks were overlooked [14,15]. During harvesting season, women became overloaded with the doubled work burden of their household chores along with water collection and agricultural activities [46,80]. So, improved access to drinking water sources can reduce the work burden on women by minimizing time spent in collecting water [46]. The study found that farmers had limited access to water and hence they were water-poor. Also, the economically inactive women group were the most water-poor group as they were income-poor [35,40,44]. On the other hand, industrial workers in the Dhalla union had high levels of access, yet they were water-poor due to other factors.



From multiple linear regression analysis, it appeared that the value of WPI correlates mostly to the access, capacity and environment components [40,44]. For the women group, the three most important components are Access, Capacity and Use, and for the male respondents these are Access, Use and Environment [61]. A strong correlation between WPI and Capacity indicates that societies with low-income levels and weak health and educational systems are likely to have inhabitants lacking access to safe drinking water [40].



In the study area, the burden of domestic water collection mostly falls on women and female children. Hence, fetching water is part of the gender inequality in the study area [5,20,41]. Some respondents claimed that they were failing to contribute to household income as they were in charge of collecting water, cleaning and cooking, and taking care of sick people. The study highlights that their failure to contribute to household income weakened their voice concerning financial decisions [6]. Women in the study area faced physical, psychological and social problems while collecting water from community or shared tube wells [1].



The key findings on gender-differentiated impacts of water poverty and some recommendations based on the responses from the inhabitants of the study area are presented in a conceptual framework in Figure 13.



Measurements are categorized under four domains, namely, physical or environmental, economic, social and political/institutional. Under the physical domain, the components that need attention are water availability, water quality, environmental integrity, crop loss and water-related disasters. Dredging of the Dhaleshwari River and excavation of existing canals would lower pressure on groundwater and thus would ensure water availability. As the Dhaleshari River is continuously polluted by tannery industries [3,33,45], there must be scope for wastewater treatment facilities in order to reuse the water for irrigation purposes. Wastewater reuse is another way of saving water. Unlike canal irrigation, constant production of wastewater has an advantage. It can be used in agricultural sector [81]. The Central Effluent Treatment Plant must be made functional. Local respondents suggested establishing a few Water Treatment Plants and water quality monitoring systems in order to reduce water-related illnesses. Additionally, addressing quality of water would help women, as the nursing of sick people involves a considerable amount of time. In order to ease water logging problems, especially in the Dhalla union, proper sewage and waste disposal systems must be maintained. To prevent crop loss, climate-tolerant crops should be cultivated, and to do so, awareness programs on climate change should be run for all the inhabitants of peri-urban areas.



Under the economic domain, regulating the amount, manner and price in which people access, use and dispose of water is mandatory to afford clean and sustainable water. Water pricing policies for small farmers should be gender-inclusive in order to remove inequalities in wage rate, especially in the Saista union. Women’s participation in income-generation activities will improve their economic condition, as well as increase affordability of water for them. Training in improved agricultural technologies, such as pesticides and plant biotechnology, will help farmers to fight against climate change and improve their economic condition by enhancing production.



Strategies that must be adopted to improve the social domain of the gender water poverty nexus are those that ensure a uniform and equitable water distribution system, especially in the Dhalla and Saista unions, to enhance accessibility and ensure reliability of the water supply system. In order to balance the gender water poverty nexus, 98% of the respondents suggested that a consistent piped water supply and deep tube wells would reduce the burden on women. Allocation of funds and monetary support from institutions are required to improve sanitation facilities, especially in the Saista union. Recognizing women’s roles would help reduce the conflicts regarding water use and occurrence of physical violence.



Ensuring equity in access to technology, knowledge and information, and facilitating active participation of women, rather than nominal participation, in decision-making processes for water management are a few initiatives that would empower the women group. Gender-responsive water programs, like skill or capacity building training, training in water filtration methods, and training in disaster risk management are necessary to improve the political domain of the nexus. Ownership of land and assets, by ensuring women’s rights to land and water, would help formulate a gender-inclusive water management policy which will, in turn, ease the process of eradicating water poverty.




6. Conclusions


In this paper, a comprehensive framework to assess water poverty is proposed drawing on both the physical and social sciences. Women and young girls are treated as ‘second class citizens’ in peri-urban areas around Dhaka city with unpaid household work, including water collection, and management and domestic chores at household level. Thus, water poverty has become the poverty of women and young girls. Hence, initiatives are needed at household level to address the inequalities brought out by cultural norms in the division of labor. To balance the gender water poverty nexus, there is a need for policy reforms in the water sector to promote gender equality and stipulate gender-inclusive practices. In such cases, women must be actively engaged in the planning, operation and management of all water supply projects.



This study finds that different livelihood groups suffer differently in peri-urban areas. The physical components (Resource and Environment) are very low compared to the social components (Access, Capacity and Use), as physical components are deteriorating gradually due to peri-urban processes. The gender-differentiated impacts of water poverty are also determined by a mixed method approach, which complements the index values calculated following the conventional survey approach.



The study depicts that community-based piped water supply systems relieve rural women from the burden of water collection from distant sources. The study underscores the need for taking a gender-sensitive approach in water resources planning which will address various sectors and activities in which nature and culture play a pivotal role.



The proposed WPI fits this concept of an index which measures water poverty along with its components. Based on the present study, it is recommended that further study should be conducted at different time scales to determine temporal variation in water poverty. There is also scope for predicting future water poverty by considering climatic conditions, rate of urbanization, and change in environmental condition. The results would be useful in policy-making and prioritizing the water needs of small-scale disadvantaged groups. The study has the potential to be expanded to other unions, sub-districts and districts to determine the water poverty situation in each individual spatial scale. In this regard, focus is needed to improve the water poverty situation for disadvantaged livelihood groups, and how these groups can effectively manage their shared water resources for the benefit of all. Component or indicator selection should be field oriented or participatory.
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Figure 1. Conceptual framework of the present study. 
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Figure 2. Location of the study area: (a) Manikganj district in Bangladesh; (b) Singair Upazila in Manikganj; and (c) selected unions in Singair. 
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Figure 3. Evaluation framework for gender-differentiated impacts of water poverty in Singair Upazila (Adapted from [59]). 
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Figure 4. Score of resource component for: (a) 5 unions; and (b) livelihood groups. 
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Figure 5. Number of respondents reporting water sources contaminated with both arsenic and iron. 
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Figure 6. Score of access component for: (a) 5 unions; and (b) livelihood groups. 
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Figure 7. (a) Survey responses to the statement that collection of water is mandatory even when women members are sick; (b) Reports of security issues during collection of water. 
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Figure 8. Score for c apacity component for: (a) 5 unions; and (b) livelihood groups. 
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Figure 9. Score for use component for: (a) 5 unions; and (b) livelihood groups. 
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Figure 10. Adequacy of daily water provision: (a) Drinking water; (b) Irrigation water. 
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Figure 11. Score for environment component for: (a) 5 unions; and (b) livelihood groups. 
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Figure 12. Survey responses against the question, “How would you characterize peri-urbanization in your area?”. 
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Figure 13. Gender-inclusive water management framework for the water-poor groups in peri-urban area. 
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Table 1. WPI structure used in the study.
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Components

	
Indicators






	
Resource

	
Surface and groundwater availability




	
Pollution and water quality




	
Variability




	
Access

	
Access to improved drinking water facilities




	
Access to irrigation




	
Access to improved sanitation




	
Access to healthcare facilities




	
Capacity

	
Economic capacity




	
Social capacity




	
Operation and management




	
Use

	
Water consumption in different sectors




	
Conflicts regarding water use




	
Environment

	
Water body health indicator




	
Water-related disasters




	
Vegetation cover and land use








Note: Source: Adapted and modified from [34,40,41,42].
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Table 2. Comparison of basic features among the five study unions.
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	Features
	Bayra
	Dhalla
	Jamirta
	Jamsha
	Saista





	Area (km2)
	14.88
	22.43
	16.75
	22.01
	20.71



	Villages
	20
	22
	26
	15
	41



	Total no. of households
	5401
	8210
	5333
	4688
	6153



	Average household size
	4.4
	4.3
	4.4
	4.3
	4.4



	Population
	24,353
	36,203
	23,763
	20,108
	27,188



	Population density (per km2)
	1636
	1614
	1419
	913
	1313



	Sex ratio (Male:Female)
	98:100
	105:100
	95:100
	88:100
	98:100



	Literacy rate (%)
	37.25
	27.98
	30.18
	38.3
	26.89



	Major source of drinking water
	Groundwater (Tubewell): 97.1%
	Groundwater (Tubewell): 98.9%
	Groundwater (Tubewell): 95.9%
	Groundwater (Tubewell): 98.5%
	Groundwater (Tubewell): 95.3%



	Hydrological features
	Branch of the Dhaleshwari River
	On the bank of the Dhaleshwari River
	Nearest river: Dhaleshwari
	On the bank of the Kaliganga River
	Nearest river: Kaliganga



	Electricity connection (%)
	43.5
	48.7
	59.1
	58.9
	43.6



	Major livelihood groups
	Farmers and small-scale businessmen
	Farmers and industrial workers
	Farmers and day laborers
	Farmers and day laborers
	Farmers and fishermen







Note: Source of data: [47,48].
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Table 3. Distribution of sample size in the household survey.
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Unions

	
Livelihood Groups

	




	
Industrial Workers

	
Farmers

	
Economically Inactive Women

	
Total




	
Male

	
Female

	
Male

	
Female

	
Male

	
Female






	
Bayra

	
0

	
0

	
10

	
10

	
10

	
10

	
40




	
Dhalla

	
10

	
10

	
10

	
10

	
10

	
10

	
60




	
Jamirta

	
0

	
0

	
10

	
10

	
10

	
10

	
40




	
Jamsha

	
0

	
0

	
10

	
10

	
10

	
10

	
40




	
Saista

	
0

	
0

	
10

	
10

	
10

	
10

	
40




	
Total

	
20

	
100

	
100

	
220
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Table 4. Variables and indicators for the multiple linear regression model.






Table 4. Variables and indicators for the multiple linear regression model.





	
Component

	
Variables/Predictors

	
Indicators






	
Resource

	
Surface water resources

	
Changes in surface water level




	
Occurrence of illness from surface water




	
Odor in surface water




	
Groundwater resources

	
Changes in groundwater level




	

	

	
Occurrence of illness from groundwater




	

	

	
Groundwater quality




	

	

	
Groundwater odor




	

	
Rainfall

	
Perception on rainfall variability




	
Access

	
Access to safe water

	
Access to safe water supply




	
Access to sanitation and medical facilities

	
Access to sanitation facilities




	
Access to healthcare facilities




	
Capacity

	
Economic capacity

	
Affordability




	
Financial help from their relatives/NGO during disaster

Access to institutional loan




	
Social capacity

	
Duration of residence




	
Political/NGO linkage




	
Training in water sanitation, and hygiene issues




	
Education




	
Role in operation and maintenance




	
Use

	
Adequacy of daily water provision

	
Provision of daily water requirement




	
Conflicts regarding water

	
Reports of conflicts regarding water use




	
Environment

	
Environmental stress

	
Reduction in fish species




	
Reduction in vegetation cover




	
Crop loss




	
Water-related disaster

	
Drainage facilities




	
Damage and loss due to flood/drought
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Table 5. Characteristics of the respondents participated in the household survey.
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Characteristics

	

	
Total (N = 220)

	
Percent (%)






	
Gender

	
Male

	
60

	
27




	
Female

	
160

	
73




	
Age

	
≤20

	
30

	
14




	
21–30

	
18

	
8




	
31–40

	
57

	
26




	
41–50

	
45

	
20




	
51–59

	
35

	
16




	
≥60

	
35

	
16




	
Education level

	
No formal education

	
101

	
46




	
Primary (Class 1–5)

	
98

	
44




	
High school (Class 6–8)

	
6

	
3




	
Secondary (Class 10)

	
5

	
2




	
Higher secondary (Class 12)

	
10

	
5




	
Graduation and above

	
0

	
0




	
Occupation

	
Student

	
22

	
10




	
Housewife

	
70

	
32




	
Industrial worker

	
20

	
9




	
Farmer

	
100

	
45
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Table 6. WPIs for the unions and the livelihood groups in the study area.
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Union-Wise WPI




	
Unions

	
Resource

	
Access

	
Capacity

	
Use

	
Environment

	
WPI

	
Level of Water Poverty






	
Bayra

	
44.9

	
59.8

	
51

	
86.7

	
61

	
60.7

	
Medium




	
Dhalla

	
26.6

	
62.3

	
45.7

	
80.5

	
41.3

	
51.3

	
High




	
Jamirta

	
40.4

	
47.2

	
37.7

	
63.3

	
43.6

	
46.4

	
Severe




	
Jamsha

	
62.5

	
69.3

	
42.1

	
83.4

	
65.9

	
64.6

	
Medium low




	
Saista

	
38.7

	
28.3

	
20.3

	
47.1

	
42.5

	
35.4

	
Severe




	
Livelihood Group-Wise WPI




	
Groups

	
Resource

	
Access

	
Capacity

	
Use

	
Environment

	
WPI

	
Level of Water Poverty




	
Industrial Worker

	
29.3

	
69.6

	
57

	
84.1

	
47.3

	
57.5

	
Medium




	
Farmer

	
42.8

	
55.1

	
45.3

	
78.4

	
51.5

	
54.6

	
High




	
Economically Inactive Women

	
41.9

	
50.2

	
31.2

	
65.4

	
49.1

	
47.5

	
Severe
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Table 7. Significant predictors of resource component.
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	Variables
	Industrial Workers

(R2 = 0.066)
	Farmers

(R2 = 0.390)
	Economically Inactive Women

(R2 = 0.151)





	Surface water resources
	0.135
	0.417
	0.247



	Groundwater resources
	0.225
	0.329
	0.235



	Rainfall
	0.020
	−0.128
	0.082
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Table 8. Significant predictors of access component.
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	Variables
	Industrial Workers

(R2 = 0.497)
	Farmers

(R2 = 0.611)
	Economically Inactive Women

(R2 = 0.444)





	Access to safe water
	0.204
	0.549
	0.307



	Access to sanitation and medical facilities
	0.679
	0.432
	0.464
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Table 9. Significant predictors of capacity component.
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	Variables
	Industrial Workers

(R2 = 0.404)
	Farmers

(R2 = 0.396)
	Economically Inactive Women (R2 = 0.464)





	Economic capacity
	0.411
	0.483
	0.409



	Social capacity
	0.495
	0.292
	0.514
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Table 10. Significant predictors of use component.
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	Variables
	Industrial Workers

(R2 = 0.382)
	Farmers

(R2 = 0.424)
	Economically Inactive Women

(R2 = 0.62)





	Adequacy of daily water provision
	0.630
	0.527
	0.541



	Conflicts regarding use
	0.059
	0.284
	0.423
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Table 11. Significant predictors of environment component.
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	Variables
	Industrial Workers

(R2 = 0.185)
	Farmers

(R2 = 0.491)
	Economically Inactive Women

(R2 = 0.427)





	Environmental stress
	0.022
	0.606
	0.542



	Water related disasters
	0.433
	0.226
	0.294
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