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Abstract

Due to climate change, Dhaka city experiences acute water scarcity during annual droughts
from March to June. Despite the relatively low uniform volumetric tariff compared to other
Asian cities, the city's groundwater supply is substantially subsidized, resulting in excessive
usage, water pollution, and depletion of groundwater resources. This study conducts a quasi-
experiment using the difference in differences (DID) model to find the effect of water price
increases on domestic household water consumption. Using 19 months of water billing panel
data from respective municipalities and considering meteorological and COVID-19 factors as
controlled variables, this study finds that a 1 BDT rise in water price leads to a 6103-liter
increase in average monthly water consumption of domestic households in Dhaka city.
Additionally, we find an insignificant impact of temperature and rainfall on water consumption
with a minimal effect of COVID-19 shock. As a policy implication, Dhaka WASA should
consider increasing water demand when implementing new tariffs. Price adjustments should
be made during the winter season instead of April to July each year, as this could help manage
demand during drought periods. It is necessary to thoroughly assess the current tariff system to
understand how domestic customers behave when prices increase or a new tariff system is
being developed in megacities.

Keywords: water price, water demand, difference-in-differences, sustainable water

management
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1. Introduction

Water is regarded as a valuable resource and asset of a Nation. The majority of the Earth's
water is saline water, and only 2.5% is freshwater, which becomes water resources with the
composition of proper technology, efficient processes, and optimal cost. Water is essential for
sustaining the ever-changing environment, yet its availability is dwindling despite its profound
significance. The diminishing status is mainly attributed to anthropogenic activities, including
unconscious use and pollution (Kilig, 2020). As per the United Nations Development
Programme (UNDP), over 40% of the world's population is facing water scarcity, which is
expected to increase by 2050 due to climate change. Access to potable water is crucial for
sustaining life on Earth, so it is given utmost importance in the sustainable development goals
(SDGs) (UNDP, 2015). The importance of sustainable water management cannot be overstated
in the face of these challenges.

Dhaka, a megacity with a population of over 22 million, primarily relies on groundwater
for its water supply (DWASA Annual Report, 2022-23). The city faces significant water
scarcity issues, particularly during seasonal droughts from March to June each year, when
demand often surpasses supply due to decreased groundwater levels. Recently, the city has
encountered severe groundwater diminution. The declining scenarios are dissimilar in different
parts of the city due to the heavy groundwater abstraction that supports the city's increasing
population. Consequently, Dhaka Water Supply and Sewerage Authority (DWASA) faces the
formidable task of guaranteeing incessant and efficient water delivery to the rapidly expanding
population of Dhaka.

Water has concurrent social, physical, and economic characteristics. The market price
of water is devoid of these effects of water usage. Consequently, these fees are not factored
into the expenses borne by users, leading them to disregard these costs when determining the

amount of water to extract. Occasionally, these consequences are referred to as negative



externalities such as contamination, depletion of groundwater, harm to the ecosystem, and
over-utilization, resulting in a divergence between the private and social marginal costs of
water resources. In Dhaka City, water is provided for a subsidized fixed rate per unit of volume,
which is relatively lower than in many other Asian cities (Arfanuzzaman & Rahman, 2017).
The reduced subsidized water tariff rate promotes thoughtless and wasteful water consumption
(Macian-Sorribes et al., 2015). Consequently, groundwater has become a common pool
resource that can be accessed freely. This has led to a significant depletion of the precious
environmental resources in Dhaka City.

Finally, the water of yesterday is not the water of today. The bulkiness and mobility of
water connect variables related to nature, population, land size, precipitation, water quality,
living standards, and how people use water. The essence of comprehending water as an
economic resource lies in grasping the nature of water dynamics. Thus, it is necessary to
investigate the factors contributing to differences in water usage among individual residential
water consumers by analyzing micro-level data (Schleich & Hillenbrand, 2009). The study
aims to investigate how water price dynamics, current tariff structures, meteorological factors
(such as rainfall and temperature), and unanticipated events like the COVID-19 pandemic
influence domestic water consumption patterns in Dhaka using the difference-in-differences
(DID) method and suggests comprehensive policy strategies to promote sustainable water
resource management in megacities.

1.1 Objective of the Study
This study aims to offer essential responses to the subsequent research inquiries:
1. How do water pricing, tariff structures, meteorological factors, and events like the

COVID-19 pandemic impact domestic water demand in Dhaka City?

2. What policy strategies can promote sustainable water management in megacities?



The subsequent sections of this paper are organized in the following manner. Section 2
provides a concise overview and analysis of the relevant water pricing and demand
management literature. Section 3 briefly describes the water supply system and socio-economic
factors of our study area. In Section 4, a conceptual sample design and empirical model are
developed to identify the causal relationship. Section 5 provides the main findings of this study.
In Section 6, discussion about our results, policy implications, and limitations are discussed.
Finally, Section 7 addresses this study's conclusion, and Section 8 addresses future research

opportunities.

2. Literature Review

The existing scientific literature extensively examines various water conservation
policies, particularly pricing and prescriptive mechanisms. To mitigate water consumption in
response to escalating drought conditions, local governments, municipalities, water utilities,
and water conservation organizations have implemented various measures (Cook et al., 2015;
Diffenbaugh et al., 2015). Policy measures aimed at diminishing water demand encompass
pricing (Olmstead & Stavins, 2009; Olmstead, 2010), providing subsidies during droughts
(Chang et al., 2023), rebate programs (Tsai et al., 2011; Brelsford & Abbott, 2021), behavioral
interventions (Russell & Fielding, 2010; Chesnutt et al., 2019; Wichman et al., 2016), and
usage restrictions (Inman & Jeffrey, 2006). These policies are implemented mainly in
developed economies.

Raising water prices has been suggested to efficiently allocate the burden of water
rationing across users (Olmstead, 2010). Using the difference in differences and regression
discontinuity in North Carolina, USA, Wichman (2014) shows that residential consumers
respond to the average price rather than the marginal price and change water consumption
behavior™ accordingly. Furthermore, this study provides evidence of various price elasticity

estimates obtained via regression analysis, which support the well-established notion that
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residential water demand is frequently price inelastic, albeit not completely unresponsive to
changes in price. This study concludes that the implementation of increasing block rates can
lead to a counterproductive outcome of higher overall demand in a block tariff scenario.
However, this finding only applies to our case, as DWASA supplies water under a uniform
volumetric subsidized tariff system. However, a sudden substantial increase in water pricing
is politically unfavorable, as low-income households exhibit heightened sensitivity to price
changes (Wichman et al., 2016), whereas such price adjustments may have a minimal effect on
higher-income consumers (De Oliver, 1999). Wichman et al. (2016) further asserted that
substantial increases in water tariffs may lead to revenue instability and budget deficits.
Introducing subsidies for water conservation during severe droughts is a vital approach
to addressing these difficulties and ensuring fair access to water resources. According to Chang
et al. (2023), a detailed difference in differences analysis of K-water's "Subsidy for Water
Savings During the 2015 Drought in Korea" program found that families receiving the subsidy
used roughly 4% less water than the same month in the previous year, which is noteworthy,
especially during the drought. During the dry season, water shortages disproportionately affect
low-income neighborhoods in Dhaka City, where access to clean water is already limited.
Subsidies for water conservation can bridge this gap by providing financial assistance to
households and communities to invest in water-saving technologies. One central question with
the subsidy for water savings is the sustainability of the policy. Water authorities' provision of
subsidies to households, constrained by their limited budget, may impede investment in
supplementary water infrastructure. However, studies suggest that water conservation's long-
term benefits may outweigh the subsidies' initial costs. Moreover, innovative financing
mechanisms, such as public-private partnerships, international aid, and efficient water pricing,
may help alleviate the financial strain on the government while still promoting water

conservation efforts.



A rebate is another form of policy program that aims to reduce water demand by
offering consumers a subsidy for adopting high-efficiency toilets (Tsai et al., 2011; Bennear et
al., 2013), high-efficiency clothes washers (Tsai et al., 2011), smart irrigation controller
(Morera et al., 2019), or replacing lawns with desert landscape (Brelsford & Abbott, 2021).

Water pricing is a recognized strategy for demand management in the literature. A case-
by-case analysis is necessary to ascertain the correlation between water pricing and domestic
demand. Consistent with the available information, Seo and Cho (2020) found that Seoul
experienced a decrease in water usage when water prices increased among the eight regions in
South Korea. This finding indicates that water costs have a substantial impact on water usage.
Nevertheless, the other seven cities continued to grow despite the price increase. This study
uses simple regression analysis with repeated cross-sectional data from 1998 to 2017 without
considering the effect of critical meteorological parameters like temperature and rainfall. In
contrast, our study develops a fixed effects model and controls for meteorological, urban
factors, and exogenous COVID-19 shock.

As identified in existing literature, the primary determinants of water use among
domestic consumers include water pricing, precipitation levels, temperature, household income,
and age demographics. In Portugal, Martins and Fortunato (2007) conducted a study that used
marginal price as an instrumental variable to examine the factors influencing residential water
use. They found that temperature and age demographics, in addition to price, substantially
impact water consumption. However, rainfall and family income do not significantly influence
water consumption. Additionally, they emphasized the equity concerns of vulnerable groups
while increasing the block tariff. They proposed that the amount of water allocated in the initial
block should be sufficient to meet a household's necessary water requirements.

In this context, Wichman et al. (2016) suggested that non-price policies like demand-

side management programs may have more consistent effects across different socio-



demographic groups. The implementation of command-and-control restrictions can be
effective (Kenney et al., 2004; Renwick & Archibald, 2018; Haque et al., 2014; Palazzo et al.,
2017); however, their efficacy is limited by political will (Cooper et al., 2011; Stoutenborough
& Vedlitz, 2014), enforcement and monitoring difficulties (Sisser et al., 2016). Behavioral
interventions, such as conservation programs that promote voluntary water savings through
education, information dissemination, and persuasion, are prevalent policy tools (Russell &
Fielding, 2010) and may be adaptable and cost-effective (Chesnutt et al., 2019). Evidence
supports the efficacy of behavioral interventions, especially social comparison messages, in
water consumption (Ferraro et al., 2011; Ferraro & Price, 2013; Visser et al., 2021).

While there has been extensive research on the effects of pricing and prescriptive
mechanisms on water demand, researchers have yet to identify the specific price signal that
residential water users in developing countries rely on to make consumption decisions,
particularly in areas with low water costs and uniform volumetric tariff systems. Moreover,
meteorological factors should be considered in the econometric model to properly evaluate the
impact of water prices on domestic water consumption. This research investigates water
consumption in Dhaka, a densely populated megacity with high-income disparity, by
controlling demographic, meteorological, and exogenous factors. The study addresses the lack

of literature on water consumption behavior in Asian cities like Dhaka.

3. Description of the Study Area
This study seeks to identify changes in consumer behavior regarding water
consumption in response to alterations in water tariffs in Dhaka City, the capital of Bangladesh.
In our difference-in-difference model, we designate a portion of Dhaka City as the treatment
region and a segment of Khulna City as the control area. DWASA is responsible for water
supply and sewerage management in Dhaka, whereas KWASA oversees analogous functions

in Khulna. This study focuses on the domestic households of two contiguous areas, Khilkhet



and Nikunjo, located in the northern central region of Dhaka city, which are designated
treatment groups. DWASA is partitioned into 156 District Metered Areas (DMAs) for
operational efficiency. The Khilkhet area is classified as DMA-909, while Nikunjo is classified
as DMA-910. The treatment group had alterations in water tariffs in July 2021. Subsequently,
we designated the KWASA households as the control group to establish the difference-in-
difference model. KWASA households had not faced tariff increases. The lower section briefly
describes our treatment and control group's water supply system and socio-economic condition.

Figure 1: Map Showing the Geographical Position of the Treatment and Control Area

.....
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3.1 Water Supply at Dhaka City

DWASA was founded in 1963 as an autonomous entity tasked with the provision of water
supply and sewage disposal for the residents of Dhaka. The 'WASA Act of 1996' has
restructured its operations, and under this legislation, DWASA functions as an autonomous
entity characterized by a corporate management culture, aspiring to be the premier public sector
water utility in Asia, emphasizing environmental sustainability and a people-centric water

management system.

The city's water supply originates from groundwater and surface water sources.
Approximately 67% of water is derived from subterranean sources, while the remaining 33%
originates from surface water. The current number of Deep Tube Wells is 997, from which
groundwater is extracted and distributed. Five water treatment facilities are located in various
areas throughout the city. The entities are designated as Chandni Ghat Water Works, Saydabad
Phase 1, Saydabad Phase 2, Padma Water Treatment Plant, and the Savar Vakurta well field
plant. The water of the Shitalakhiya, Buriganga, and Padma rivers are being processed and
distributed inside the city. The current water demand in the city is 265-270 million liters per
day (MLD), whereas DWASA has a production capability of 275 MLD from the existing
infrastructure and facilities.

DWAGSA jurisdiction is around 314 square kilometers which is divided into ten zones
for its maintenance, operation, and distribution services. In short, these are known as MODS
zones. These MODS zones are responsible for providing water supply and maintenance of its
area of jurisdictions as well as the sewerage facilities. In the whole city, there was a single
network. There were no as-built drawings of the network, creating a big problem for the
operational and maintenance personnel. In the year 2007, DWASA took the initiative to
separate the single network into an area-based network, which is called DMA (District Metered

Area). The whole city was divided into 156 DMAs in the 10 MODS Zone of DWASA.



Moreover, integrating SCADA into the operation of Water and Sewerage Treatment Plants,
along with Deep Tube Wells (DTW), has revolutionized service delivery, drastically reducing
non-revenue water (NRW) from a staggering 40% to a mere 10% in targeted DMA areas but
still problematic in non-DMA areas. This achievement is further underscored by an impressive
operating ratio of 0.66. Leveraging software-based digital accounting systems has streamlined
operations, enhancing efficiency and transparency across critical areas like billing, customer
service, and asset management. DWASA is also responsible for providing permission and
licensing for personal deep tube wells in households with higher consumption for groundwater
extraction.

Though Dhaka WASA is capable of providing water supply as per the growing demand
of Dhaka City, seasonal droughts have become more challenging. Due to the heavy abstraction
of groundwater, the groundwater level is declining day by day. Climate change has worsened
the scenario. According to Moshfika (2021), the maximum groundwater declination rate was
found for the South Khilgaon area (around -2.4 m/yr). Groundwater levels in Dhaka City have
dropped significantly since 1980. The primary causes of groundwater decrease include
overexploitation, population growth, urbanization, rainfall fluctuations, etc. Groundwater
depletion affects Dhaka greatly. It caused water scarcity, well construction delays, food
production issues, ecological imbalance in the city, earthquake danger, and other issues.

The deterioration of the surface water quality of the rivers located on the outskirts of
Dhaka City is another key cause for concern. Buriganga, Turag, Dhaleswari, Shitalakhya, and
Balu are those of the five peripheral rivers that surround the city of Dhaka. Padma and Meghna
are the two important rivers located in the city's immediate vicinity. It has been reported by the
Department of Environment (DoE) that the water quality of the Burignaga, Turag, Balu,
Shitalakhya, and Dhaleswari rivers has significantly worsened over the course of the past

several years. A continual decline in water quality has been brought about as a consequence of



the accumulation of toxins that originate from a variety of industrial and domestic sources.
With the exception of a few months of the year (July to October), none of the rivers on the
city's periphery have been deemed acceptable for use as raw water sources. A considerable
decline in water quality can be observed in the rivers that are located on the outskirts of Dhaka
during the dry season. Consequently, there is an increase in the amount of chemicals that are

utilized in Surface Water Treatment Plants (SWTPs).

3.2 Water Supply at Khulna City

Khulna, which is the third-largest city, is located in the southwest part of Bangladesh.
Being a port city, Khulna is also home to a large number of manufacturing enterprises and is
facing rapid urbanization. Khulna is a city that can be found in the delta of the Ganges River.
Although the city is located around 2.5 meters above the mean sea level (MSL), the land is

impacted by the fast increase in the population as well as the operations of the economy.

KWASA is the sole authority responsible for providing water supply and sewerage
facilities in Khulna City. Prior to the establishment of KWASA, the Khulna City Corporation
(KCC) was in charge of the responsibilities associated with the city's water supply. In 2008,
KWASA was established as an autonomous body with a mission to become one of the leading
organizations in Bangladesh in the field of water and sanitation by achieving customer service
satisfaction through a safe water supply and environmentally friendly sewerage system. After
the DWASA and the Chittagong WASA, the KWASA is the third Water Supply and Sewerage

Authority (WASA) in the country.

KWASA's current water supply is primarily derived from groundwater sources, and
this is accomplished through the use of both deep and shallow tube wells. Currently, there are
around 9,000 hand tube wells, 41 production tube wells, and 52 mini tube wells in use.
KWASA aims to provide optimal services through modern planning, efficient management,

human resource development, and increased organizational capacity, ensuring transparency
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and accountability through safe water supply and environmentally friendly sewerage systems.
Within their service area, KWASA now encompasses 45.60 square kilometers. A total of 40368
homes are supplied with water by KWASA from the organization. Only about seventy percent
of the people living in KCC are served by KWASA, despite the fact that the total population
of KCC is close to 1.5 million. KWASA is responsible for pumping up approximately 75
million liters of groundwater per day and supplying it through its pipes. This is in response to

an aggregated daily demand of 250 million liters of groundwater (Roy et al., 2019).

Khulna residents face water issues due to dry season salinity and lack of rainfall. The
roadside tap system was introduced to meet demand, but groundwater salinity and arsenic
poisoning contribute to water quality concerns. Studies have been conducted to determine

reliable water sources and evaluate groundwater resources for the Khulna water supply system.

3.3 Demography

According to the Population and Housing Census-2022, the Khilkhet residential area in
Dhaka North City Corporation (DNCC) has a population of 0.18 million, with 56.4% male and
43.6% female (BBS, 2023). The sex ratio is 115.6:100, and the area has a population density
of 30531 people per square kilometer with 49848 households. The majority of the population
is Muslim (93.4%), with a small Buddhist population (0.05%). Hindu and Christian inhabitants
also exist. The average annual population growth rate of Dhaka City is 1.79, whereas national
level population growth is 1.22.

The Khulna Sadar area has a total population of 0.25 million, with a male-to-female ratio
of 100.86:100 (BBS, 2023). The area has a general household size of 3.74 and a population
density of 15762 people per square kilometer. The majority of the population is Muslim
(88.21%), with a small Buddhist population (0.01%). Hindu and Christian populations also
exist. The area has an average annual population growth rate of 1.06. The total no. of

households is 65619.
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3.4 Educational Status

According to BBS (2023), Dhaka City has a literacy rate of 84.20%, higher than the national
rate of 74.08%. Particularly, the Khilkhet residential area has a literacy rate of 87.24%, with
males and females at 85.71% and 82.44%, respectively. Khulna City has a literacy rate of
80.20%, also higher than the national rate of 74.08%. The Khulna Sadar residential area has a
literacy rate of 88.4%, which is 1.16% higher than the Khilkhet area, with males at 83.01% and

females at 77.37%.

3.5 Occupation and Livelihood

The Socio-Economic and Demographic Survey (SEDS)-2023 reveals that in Dhaka
City, the labor force participation rate is 58.62% of the population, with males holding the
majority (74.94%) and females holding 42.64% (BBS, 2024). The employment rate is 96.24%,
and unemployment is 3.76%. The agriculture sector is the most employed, with 43.89% of the
population. The service sector is the second highest, with 37.04% working in it. The industry
sector is the third largest, with 19.07% working in it. In Dhaka City, 59.69% of the population
is employed full-time, 10.45% part-time, 2.51% contractual, 8.10% seasonal, and 19.25% daily
labor activity. In Khulna City, 58.98% of the population participates in the active labor force,
with 76.38% males and 41.53% females. The work categories in both cities are similar, with
35.83% working full-time, 16.82% part-time, 2.07% contractual, 11.22% seasonal, and 34.06%
daily labor activity (BBS, 2024).
3.6 SDG Indicators

The Socio-Economic and Demographic Survey (SEDS)-2023 reveals that Dhaka and
Khulna cities have achieved significant progress in achieving SDG 6.1.1 and SDG 6.2.1(a),
indicating safe drinking water and sanitation services, respectively. In terms of improved
sources of drinking water, Dhaka achieved 99.98 percent, and Khulna city also showed almost

similar achievement, which is 98.01 percent (BBS, 2024). Dhaka achieved 72.03 percent of
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basic sanitation services, while Khulna achieved 83.89 percent. Both cities also achieved 96.80
percent improved sanitation services, surpassing the national level achievement of 95.97%.
Access to electricity is another key indicator of growth (SDG 7.1.1), with Dhaka achieving
99.93% and Khulna achieving 99.82%. Both cities scored higher than the national level
achievement of 99.64% in terms of access to electricity. Women's engagement in achieving
these SDGs is remarkable in both cities.

3.7 Water Pricing in Relation to Water Supply

3.7.1 Nature of Water

Water at the household level is a unique and exclusive private good, unlike other private
goods like clothes, food, cosmetics, housing, and cars. Access to safe drinking water is a basic
human right, and water cannot be treated like other marketable goods. If water is considered a
completely private good, it could violate basic human rights, demonstrating consumer equality.
However, after basic water needs are met, additional uses like swimming pools, lawn watering,
or long showers are no longer considered a basic human right. In these cases, water becomes a
private good and is best allocated through markets, similar to other private goods. This public
nature of water as a good highlights the importance of consumer equality in water use.

Water can be a public or private good, and its characteristics make it non-traditionally
marketable. Effective water resource management requires a participatory approach involving
users, planners, and policymakers. However, certain aspects of water resources, such as
desalination plant construction and industrial effluent management, can be efficiently allocated
through market processes if the dynamics of water uses are considered, allowing for a
sustainable integrated water resource management system.

Water pricing is a crucial aspect of managing water resources and determining the best
price for people to pay for their water. A water tariff consists of prices, fees, and taxes,

determining the cost of providing water. There are differing opinions on whether water utilities
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should be free or highly subsidized and whether the price should reflect water scarcity and cost.
Traditional supply systems face risks of poor design and environmental effects, making water
pricing a significant issue in today's water management.

3.7.2 Types of Water Pricing Model

In low and middle-income countries, piped water and sanitation services are
significantly subsidized (Andres et al., 2020). The global water intelligence database shows
that in half of cities, the average water price is below 40 cents per cubic meter. In 10%, the
price is doubled to 80 cents. Most cities only cover operational and maintenance expenses.
However, different water providers use a variety of tariff systems. These structures can be
classified into two main categories: flat-rate charges, where the amount of water consumed
does not affect the bill, and water use charges, which are based on usage, are elaborated upon
below:

Fixed Tariff or Flat-rate Charge: A fixed tariff or flat-rate charge is a straightforward
pricing structure with a predetermined amount payable during each billing cycle. The monthly
payment is independent of the volume of water utilized. The expected amount of use is usually
based on how much the house is worth, how many taps it has, the width of the main connection
pipe, and the size of the meter (Mycoo, 1997). When there isn't a water meter to track how
much water is used, a flat fee is usually the only fair way to set prices (Meran et al., 2021). Flat
rate tariffs are a traditional water pricing system that focuses on calculating revenue or
subsidies from the water sector.

However, they are criticized for not accurately representing the value of water to
consumers and for not informing consumers about water consumption patterns, leading to
inefficient usage behaviors. This system is inequitable, as affluent households may incur higher
costs and allocate more income to water than those with lower consumption. Additionally,

impoverished households in developing nations may have larger family sizes and lower asset
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values, leading to higher water use. Despite being the most basic and antiquated rate structure,
many developed nations, including Canada, Mexico, New Zealand, and Norway, continue to
implement it, as water rates are generally lower than global standards.

Water Use Charge or Volumetric Charge: Water use or volumetric charge is a
method for tariff design where customers pay based on their water consumption. This ‘pay-as-
you-consume' system requires a metered connection for fees. It can be classified into three
main categories: uniform volumetric tariff, block tariff, and increasing linear tariff. Each
category has specific attributes, such as the amount of water used, the type of connection, and
the charging formula.

The uniform volumetric charge (UVC) is a single-rate system where customers pay
the same amount for each unit of water they use, regardless of their usage (see Figure 2). It is
widely used in US cities like New York, Chicago, and also in Dhaka. It is popular in Sweden,
France, the Netherlands, and Australia. The water bill can be calculated using the formula:

Water bill = amount of water used * flat rate per unit

UVC is easy to set up and cost-effective, as volumetric tariffs are based on the price per
unit amount, making them socially acceptable. However, volumetric rates are often less than
marginal costs, leading to poor households paying more for better water services. If these tariffs
aren't fair, poor households may face increased costs and negatively impact government
policies like universal coverage and public health security.

Volumetric Block Tariffs: A volumetric block tariff charges customers based on usage
blocks, with the water rate set by the unit (m?® or liters) of water used. The rate remains constant
until the original block is reached, then changes to the next block until the maximum usage is
reached. The volumetric charge may go up or down, related to higher usage, known as

"Increasing Block Tariff - IBT" or "Decreasing Block Tariff - DBT."
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Figure 2: Price of Water compared to the Amount Used for Different Pricing Plans

(Whittington, 2011)
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Figure 2 demonstrates that an Increasing Block Tariff (IBT) system is a pricing model
where consumers pay less per unit of volume up to a certain amount (first block) and then pay
more for any extra water use until the second block. This system is increasingly being adopted
by water companies and government agencies to help poor people in developing countries. The
starting block price is set below cost, regardless of the amount. Researchers argue that IBTs
help collect costs, punish excessive use, and help low-income people pay for critical use.
Implementing IBT is environmentally friendly and encourages fair and effective water use,
making it a popular choice for water conservation.

The Decreasing Block Tariff (DBT) is a water pricing system that aims to encourage
people to use more water by lowering the price of water used in a specific block. The DBT was
designed to demonstrate the availability of raw water and promote industry growth and

population growth. However, it does not reward small water users with financial benefits, and
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there are no rewards for saving water. DBT has been shown to decrease water usage over time,
and businesses that use a lot of water may be seen as unfair or unacceptable to society. This
societal perception and the decrease in water usage over time are key implications of the DBT.
DBT may be politically feasible in areas where low per capita water consumption causes public
health issues and where awareness efforts are limited. It could also improve economies of scale
in manufacturing facilities.

The Increasing Linear Tariff plan is a type of water use pricing system where
customers pay a gradual increase in price as they use more water. This system explains that
water is expensive enough, and every extra unit of water used costs more. In Tunisia and
Turkey, families are charged for all water they use based on the highest level of use. However,
the system doesn't provide information on the short-term economic cost of using more water,
and the utility's short-term marginal cost remains stable. This structure may not be suitable for
businesses or industries that use a lot of water, as it could make the cost of using more water
higher than the short-term minimal cost of supply. While increasing linear tariffs may generate
revenue for water companies and improve resource use, it may not be socially accepted due to
customers not understanding the increase in prices for each extra unit.

A type of water bill called a two-part tariff has both a fixed fee and a volumetric tariff
system. The set fee is usually very small and stays the same, which helps cover the costs of
running the service. For the next part of the bill, the volumetric tariff system can be used. These
tariffs help water companies pay for their administrative costs and reach other goals as well.
However, low-water users are hurt by the set component because it makes up a big part of their

water costs.
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Seasonal and regional tariffs indicate the fluctuating prices of drinkable water based
on the season and location. Seasonal pricing increases during the dry season and decreases
during the wet season. Regional pricing reflects the additional costs of providing services like
pumping high ground. Another type of tariff model is the Area Based Tariff. The area may be
classified based on land value, income status of the inhabitants, type of usage, cost of water
production, and urbanization factors. This type of tariff model includes many dynamic factors,
such as building tax and land tax, which is why practical implementation is quite challenging,
especially where income inequalities are high. In Bangladesh, DWASA has taken initiatives to
implement such tariffs in Dhaka City on a pilot basis.

The choice of a proper tariff model is of utmost importance in ensuring efficient
management of water resources and ensuring the three components of IWRM: operational
efficiency, social equity, and environmental sustainability (Kashem & Mondal, 2022). The rate
of collection is also crucial for managing water fees, and low collection rates can hinder the
design and implementation of tariffs. Therefore, effective collecting tools and methods are

essential.

3.7.3 Water Pricing in Bangladesh

Bangladesh's water is undervalued due to low pricing and support from the government
and donor agencies. The country's water policy prioritizes growth over resource management,
leading to short-term water accessibility but long-term environmental degradation. Addressing
groundwater pressure and surface water availability is crucial to prevent unmanageable issues
and ensure a sustainable water supply. The water right is not well defined in Bangladesh.
Though there are policies that impose specific water rights, the service jurisdiction is not well

defined.
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The Bangladeshi government has implemented various rules to manage water supplies
effectively. However, the new price plan proposed in the "National Strategy for Water Supply
and Sanitation in Bangladesh™ has not yet been implemented (Qureshi et al., 2014). The Local
Government Division is responsible for this strategy, which includes a lifeline price for the
poor and a progressive tariff for piped water supply and sewerage systems. This allows towns
or water utility companies to set water prices in their service areas. Some parts of Bangladesh,
like Dhaka, Khulna, Chittagong, and Rajshahi, receive water from WASA. All of the WASAs
are in charge of offering sewerage and water services, and each has its own set of rules for
pricing. In other major municipality areas, water systems are run by local governments. Most
of the 329 municipalities don't have metered connections. Instead, they use Fixed Tariffs or
Flat-rate charges that depend on the size of the connection and the type of use. As of 2024, the
Department of Public Health Engineering (DPHE) is given the job of providing water services
in rural areas that are not covered by WASA or other municipalities. These areas are at the
Upazila and Union Parishad levels. DPHE also helps cities and towns improve their water
supply systems by giving them expert support. The Bangladesh Water Development Board
(BWDB), the Bangladesh Agricultural Development Corporation (BADC), and the Barind
Multipurpose Development Authority (BMDA) are in charge of getting irrigation water to
farms all over the country.

For metered connections in Bangladesh, the uniform volumetric charge (UVC) method
is usually used to figure out how much water to charge. The unit price fee changes are different
in different regions of the country based on how much it costs to run and maintain the water
supply. Moreover, uniform fees change based on the type of usage, such as residential,
business, community, or industrial. In Dhaka, the cost of domestic use of water is BDT 16.70
per thousand liters, and for commercial purposes, the rate is BDT 46.20 per thousand liters

(DWASA, 2024). In Khulna City, it costs BDT 8.98 for 1000 liters of domestic usage and BDT
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14.00 per 1000 liters for commercial usage (KWASA, 2024). Households are not meter-
connected in other major cities like Bogra, Naogaon, and Manikganj. For non-metered
connections, a flat-rate tariff system is used in different municipalities based on the connection
diameter, type of usage, and the number of floors in the building.

Nevertheless, the cost of water in Dhaka City is significantly lower compared to other
Asian cities. It is also significantly lower compared to other South Asian cities, like Delhi,
Kathmandu, and Jakarta (Asim & Lohano, 2015). The Water Supply Master Plan for Dhaka
City references a block tariff structure as a demand management strategy (DWASA, 2014),
although it has not yet received approval. The master plan includes provisions for rainwater
harvesting and artificial recharge (AR), and a prototype design for household-level artificial
groundwater recharge has been developed. However, DWASA could not execute rainwater
harvesting and aquifer recharge system at the household level. A dual plumbing system
integrating rainwater harvesting, alternative resources, and greywater reuse should be
mandated for consumers. The implementation of managed aquifer recharge remains in the

planning phase.

3.8 Climate

Bangladesh is vulnerable to both disasters and climate change and ranked the seventh
extreme disaster-prone country in the world as per the report from the Global Climate Risk
Index 2021 (Eckstein et al., 2021). Tropical cyclones, tornadoes, floods, coastal and riverbank
erosion, droughts, and landslides are the major climate-induced hazards in Bangladesh.
Moreover, Bangladesh has the highest mortality rate in Asia, with 520,758 fatalities resulting
from 281 climate-related disaster events. Numerous areas throughout the region encountered
severe temperatures in 2023. Extended heat waves impacted South and Southeast Asia in early
summer. In India, intense heat waves in April and June caused approximately 110 deaths from

heatstroke. A prolonged and intense heat wave affected a considerable area of Southeast Asia
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in April and May, extending westward to Bangladesh and eastern India and northward to
southern China.

Bangladesh is highly susceptible to the impacts of climate change. The anticipated rise
in temperatures may result in more severe and erratic rainfall throughout the monsoon season,
as well as a heightened likelihood of devastating storms leading to more tidal inundation. The
anticipated spike in extreme rainfall, coupled with significant sea level elevation, is concerning
and may result in more frequent and severe coastal and river floods, as well as rainfall-induced
landslides. The Bangladesh Meteorological Department (BMD) is the designated body for
weather forecasts, including heat wave warnings, rainfall, temperature, and other

meteorological factors in the country.

4. Evaluation Method

4.1 Sample Design

Our sample comprises 11,063 customers' monthly water billing data obtained from two major
water utilities in Bangladesh: DWASA and KWASA. The data covers the period from June
2020 to December 2021. Within the sample design, we designate customers of DWASA as the
treatment group and customers of KWASA as the control group. In July 2021, DWASA
implemented a new water pricing system, which is considered our central policy intervention.
During the study period, the control group encountered no additional tariff. To conduct the
study, we examine sufficient months before and after implementing the new water tariff to
construct the impact evaluation of a new tariff implementation program. The detailed sample

design is shown in Table 1.
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Table 1: Design of Sample Households

Study Period Control Treatment Total
(KWASA) (DWASA)
Before (Jun 2020- June 2021) 6992 4,071 11,063
After (July 2021- Dec 2021) 6,992 4,071 11,063
Total 13,984 8,142 22,126

Note. The number of customers are shown in the table.

Household-level monthly water billing data are obtained from both DWASA and
KWASA. Prior to doing further analysis, it is essential to concentrate on the data collection
procedure employed by DWASA and KWASA. DWASA and KWASA each have distinct
revenue departments responsible for collecting monthly readings from households. At the end
of the month, meter readers personally collect water consumption data from individual
residences. The task requires significant personnel, and errors may occur. Outliers (extremely

high consumption and zero consumption) may cloud our main analysis.

To forecast consumer water consumption trends properly about alterations in water
tariffs, we analyze data ranging from the 5th to the 95th percentile for our primary analysis.
We eliminate zero consumption and excessively high water consumption from our treatment
and control group. Panel (a) of Figure 3 presents the histogram for the control group, and panel
(b) illustrates the histogram for the treatment group considering the 5th to the 95th percentile
data. Both the histograms are skewed right as the right tail is much longer than the left tail. On
the left side of the graph, the frequency of the small or average water consumption household
is higher than the frequency of the higher consumption household. In a real scenario, it is

difficult to achieve sufficient data and perfect normal distribution.
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Figure 3: Distribution of Average Monthly Household Level Water Consumption
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4.2 Data Collection and Description of Variables
Dhaka and Khulna are the two major cities in Bangladesh. Both cities show similarities
in terms of socio-economic parameters. The relevant data of this study is collected from

different organizations.

4.2.1 Water Billing Data

In DWASA and KWASA, distinct revenue divisions are responsible for generating
monthly water bills based on household-level bulk water meter readings conducted monthly
according to a predetermined timetable by the designated Revenue Inspector. The Revenue
Inspectors often gather household meter readings during the final week of the month. The
readings are recorded on the meter card retained by the client and documented in the meter
reading book located at the WASA office, with billing occurring during the first week of the
subsequent month. During the second week of each month, customers receive a consolidated
water bill from the WASA office for the preceding month. This bill encompasses customer
information such as account number, location, meter number, number of stories, previous
reading, current reading, water price, VAT, payment due date, and any applicable late payment

surcharges. This study involves the collection of customers' water billing data from Dhaka
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WASA and Khulna WASA, conducted under a non-disclosure agreement. We focus on two
particular regions from Dhaka WASA: (1) Khilkhet (DMA-909) and (2) Nikunjo (DMA-910).
Although Dhaka WASA offers sewerage services in certain areas of Dhaka City, our study
location lacks a sewerage network. The water bill exclusively includes statistics on water
consumption. In Khulna WASA, there are no sewage facilities; thus, the water bill exclusively
reflects household-level water use data. Figure 4 depicts the modification in water tariffs for
both the treatment and control groups before and after the intervention. The policy intervention
occurred in July 2021.

Figure 4: Unit Price per Thousand Liters of Domestic Water Consumption in DWASA and

KWASA.
Policy Intervention
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4.2.2 Rainfall Data

Water use correlates with precipitation. In numerous studies, water use is connected
with precipitation. Chowdhury (2012) recognized rainwater as a crucial water resource in
Dhaka city. The monthly average rainfall data obtained from BMD for Dhaka and Khulna is
illustrated in Figure 5 panel (a) from June 2020 to December 2021. In our study period, we

recorded a peak monthly rainfall of 546 mm in Dhaka in June 2021 and 525 mm in Khulna in
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July 2021. The total annual precipitation in 2020 was 1920 mm for Dhaka and 1570 mm for
Khulna. The total annual rainfall in 2021 was 1873 mm for Dhaka and 1967 mm for Khulna.
Both cities experience significant rainfall during the monsoon season from June to September,

attributed to the Indian Ocean Monsoon, and encounters less rainfall from October to February,

designated as the winter season.

Figure 5: Average Monthly Rainfall and Temperature Distribution across Treatment and

Control Groups
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4.2.3 Temperature Data

Figure 5 panel (b) depicts the monthly average temperature fluctuations from June 2020
to December 2021 for both the treatment and control groups, as sourced from the Bangladesh
Meteorological Department (BMD). Both the treatment and control groups exhibit a similar
pattern, with the highest temperature recorded in April and the lowest in January of each year.
In April 2021, the highest monthly average temperature recorded in Dhaka City was 30.4
degrees Celsius, while in Khulna City, it was 30.5 degrees Celsius. In April 2021, Dhaka

recorded a maximum temperature of 39.5 degrees Celsius, 1.5 degrees Celsius higher than the
preceding year. The maximum temperature recorded in Khula in April 2021 was 40.2 degrees

Celsius, which is 3.2 degrees Celsius higher than the previous year. Both the highest monthly
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temperature and the monthly average temperature are rising annually for the treatment and
control groups, attributable to climate change and the effects of increased urbanization in both
cities.
4.2.4 COVID-19 Data

During our study period, the world has encountered a historic pandemic, COVID-19.
Bangladesh is one of the countries most severely impacted by the COVID-19 pandemic. The
government instituted restrictive regulations for outdoor mobility owing to the pandemic
commencing at the end of March 2020. The pandemic affects both the treatment and control
cohorts. Dhaka, the capital city, is the country's most densely inhabited city and the most
affected by the pandemic. We employed the count of confirmed cases as a proxy for the
COVID-19 pandemic. The data is obtained from the open data repository of the Directorate
General of Health Services, Bangladesh (DG Health) website. Figure 6 depicts the monthly
total number of verified COVID-19 cases from June 2020 to December 2021 for the treatment
and control groups, as sourced from DG Health. In 2021, we noted two significant peaks in
Dhaka City, although the number of confirmed cases in Khulna City remained comparatively

low.

Figure 6: No. of Confirmed COVID-19 Cases in Treatment and Control group
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4.3 Summary Statistics

Utilizing the aforementioned dataset, we construct a 19-month strongly balanced panel
data set, with the unit of observation being the residential water user, as evidenced by monthly
water billing records. Our overall sample comprises 11,063 households during 19 months,
resulting in a total of 210,197-panel observations (11,063 x 19). Among these, 132,848
observations (6,992 x 19) belong to the control group, while 77,349 observations (4,071 x 19)
are from the treatment group. Table 2, panel A, displays the descriptive statistics for the
complete sample. The average water consumption is approximately 53,000 liters per household
per month. Water consumption ranges from 0 to 500,000 liters per month across households.

Table 2: Summary Statistics for Total Sample

Variable Observations Mean Std. Dev. Min Max
1) (2) 3 4) 5)
Panel A: Total Sample
Consumption 210197 53.62 72.37 0 500
Rainfall 210197 166.38 159.73 0 546
Tavg 210197 26.93 3.75 19.1 30.5
Tmax 210197 35.31 2.75 30 40.2
Tmin 210197 19.72 5.44 9 25.8
Covid 210197 11075.32 18875.23 94 88035
Panel B: Control Group (treat=0)
Consumption 132848 27.07 35.69 0 500
Rainfall 132848 161.74 163.59 0 525
Tavg 132848 26.89 3.85 19.1 30.5
Tmax 132848 35.36 2.85 30 40.2
Tmin 132848 19.51 5.67 9 25.5
Covid 132848 1447.95 1649.91 94 6260
Panel C: Treatment Group (treat=1)
Consumption 77349 99.23 93.57 0 500
Rainfall 77349 174.37 152.55 0 546
Tavg 77349 27.01 3.57 19.4 30.4
Tmax 77349 35.23 2.56 30.2 39.5
Tmin 77349 20.08 4,99 10 25.8
Covid 77349 27610.47 23041.40 3557 88035

Note: Consumption is measured in thousand liters per household per month, Rainfall is in
mm, Temperature is in Degrees Celsius, and Covid represents no. of confirmed cases.
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Table 2, panel B and C present comprehensive summary statistics for our control and
treatment samples. Columns (1), (2), (3), (4), and (5) present the no. of observations, mean,
standard deviation (SD), and minimum, and maximum values for the primary variables
analyzed in this study: monthly water consumption (litres), monthly average rainfall (mm),
monthly average, maximum, and minimum temperatures (degrees Celsius), and the number of
confirmed COVID-19 cases. Table 2, panel B, shows the detailed summary of the control
group. Table 2, panel C, presents the detailed summary statistics of the examined variable
following the implementation of the new tariff within the treatment group. The monthly
average water use per household in the control group is 27.07 thousand liters for domestic
households, with a standard deviation of 35.69. For the treatment group, the monthly average
water use per household is 99.23 thousand liters per household, with a standard deviation of
93.57. The data indicate that the average water consumption is higher in the treatment area due
to heavy urbanization and vertical expansion of Dhaka City, although they are accompanied by
a significant standard deviation, which appears questionable. Other parameters also provide
evidence that there is a difference between the treatment and the control group.

To further the study, we examined the revenue department data-collection procedure
and noticed that some households are not utilizing water, leading meter readers to attribute zero
consumption to these households and impose a minimal bill for them. Occasionally, when the
revenue personnel lack access to the household to collect readings from the meter, they charge
an average bill. We also observed some exceptionally high consumption levels that are atypical
for household usage. We adjust our data set by omitting zero consumption and excessively high
consumption to analyze the resulting changes more precisely. We examine only the 5th to 95th
percentiles and present the data statistics in Table 3 below. We analyze water use patterns over
19 months for a total of 2987 households, among these 704 households in the control area and

2283 household in the treatment area. The sample size is good enough to observe the effect of
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the intervention on domestic household consumption. In the restricted sample, the average
monthly water consumption is 37.37 thousand liters for residential homes, with a standard
deviation of 32.25 liters for the control group (Table 3 Panel B). For the treatment group, the
value is 79.48 thousand liters with a standard deviation of 53.47 (Table 3 Panel C). The
restricted sample summary statistics also showed that the treatment group's average
consumption was higher, and the other parameters showed similar patterns.

Table 3: Summary Statistics for Sample P5-P95

Variables Observations Mean Std. Dev. Min Max
1) (2) 3 4) )
Panel A: Sample (P5-P95)
Consumption 56753 69.56 52.44 1 259
Rainfall 56753 171.39 155.32 0 546
Tavg 56753 26.98 3.64 19.1 30.5
Tmax 56753 35.26 2.63 30 40.2
Tmin 56753 19.94 5.17 9 25.8
Covid 56753 21444.28 23015.75 94 88035
Panel B: Control Group (treat=0)
Consumption 13376 37.37 32.25 1 250
Rainfall 13376 161.74 163.59 0 525
Tavg 13376 26.89 3.85 19.1 30.5
Tmax 13376 35.36 2.85 30 40.2
Tmin 13376 19.51 5.67 9 25.5
Covid 13376 1447.95 1649.96 94 6260
Panel C: Treatment Group (treat=1)
Consumption 43377 79.48 53.47 1 259
Rainfall 43377 174.37 152.55 0 546
Tavg 43377 27.01 3.57 19.4 30.4
Tmax 43377 35.23 2.56 30.2 39.5
Tmin 43377 20.08 4,99 10 25.8
Covid 43377 27610.47 23041.52 3557 88035

Note: Consumption is measured in thousand liters per household per month, Rainfall is in
mm, Temperature is in Degrees Celsius, and Covid represents no. of confirmed cases.

4.4 Baseline Balance
Additionally, the t-test is done to identify the baseline differences across treatment and

control groups (see Table 4). Columns (2) and (4) show the control and treatment group mean
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before (Panel A) and after (Panel B) implementing the new tariff system. Column (5) and
column (6) represent the mean differences and the standard errors. Column (7) and column (8)
show the t-statistics and p-value. The results indicate that the observed mean differences in the
baseline variables are statistically significant at a 1% level. The control group customers'
average monthly water consumption is lower than the treatment group samples. Therefore, it
indicates that our treatment and control groups are as good as random. Moreover, to find the
specific causal relationship between water consumption and water pricing, all the variables are
controlled in the OLS regression model to find the effect of water price increase on domestic
water consumption. The difference in average monthly water consumption between the
treatment and control groups is 40.72 thousand liters before the policy change (Table 4 Panel
A). Following the policy intervention, the difference in monthly water between the treatment
and control groups increased to 45.12 thousand liters per household (Table 4 Panel B), with a
p-value of zero. The data reveal a highly statistically significant rise in consumption linked to
price increase, with comparable standard errors prior to and after the policy intervention.

Table 4: Baseline Differences: Two-sample t-test with Equal Variances

Control Treatment Mean Difference (T-Test)
Variables N Mean N Mean Diff SE t-value p-value
1) 2 3 4 ®) (6) () (8)
Panel A: Before Policy
Consumption 9152 35.63 29679 76.35 -40.72 0.58 -70.75 0.00
Rainfall 9152 131.00 29679 172.62 -41.62 201  -20.75 0.00
Tavg 9152 26.95 29679  27.02 -0.07 0.05 -1.55 0.13
Tmax 9152 35,92 29679  35.40 0.52 0.03 16.10 0.00
Tmin 9152 19.25 29679 19.71 -0.45 0.07 -6.90 0.00
Covid 9152 1259.62 29679 26228.77 -24969.15 177.33 -140.80 0.00
Panel B: After Policy
Consumption 4224 4115 13698  86.26 -45.12 0.90 -50.10 0.00
Rainfall 4224 228.33 13698 178.17 50.17 2.07 24.20 0.00
Tavg 4224  26.75 13698  26.97 -0.22 0.06 -3.75 0.00
Tmax 4224 3413 13698  34.87 -0.73 0.04 -18.15 0.00
Tmin 4224  20.05 13698  20.88 -0.83 0.08 -11.05 0.00
Covid 4224 1856.00 13698 30604.17 -28748.17 497.93 -57.75 0.00

Note: Consumption is measured in thousand liters per household per month, Rainfall is in mm,
Temperature is in Degrees Celsius, and Covid represents no. of confirmed cases.
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4.5 Empirical Strategy and Model

This research estimates a difference-in-differences (DID) technique using monthly
customer-level 19-month panel data, including twelve months before and five months after the
policy intervention, to capture the causal effect of price on domestic customers' water

consumption in DWASA. The main DID model equation can be expressed as:

yvit = a+ B(Treat; * Post,) + AX';; + -+ +0; + V¢ + Ugy + €5t (1)
Where y;; measures monthly water consumption (in liters) for household i in month t. The
equation controls for other factors like rainfall, temperature, and COVID factors as X';;, where
A, the co-efficient of control variables or effect of other factors. 6; for household fixed effects
to minimize the idiosyncratic differences, while y, for the time fixed effects as calendar month
and billing year (i.e. month-year) to control for the time-invariant characteristics. We create
another dummy region month’s fixed effect, pg,, to capture the seasonal variation across
regions and months. The main variable of interest in this model is the effect of
(Treat; = Post,). Treat; is a dummy variable that takes the value=1 if customer i is from the
treatment group; otherwise, 0. Post, is another dummy variable that takes the value=1 if the
time is after the policy intervention that is July 2021, otherwise takes 0. Therefore, the treatment
effect of (Treat; * Post,) is captured by £, which implies the average treatment effect (ATE)
of being faced the tariff increase on customers’ water consumption. €;; iS the error term,
representing the deviation of the independent variable from the regression line. We carry out
the DID estimates based on ordinary least squares (OLS) regression and monthly panel fixed
effects. As we collected monthly billing balanced panel data from both DWASA and KWASA,
we adopted a quasi-experimental approach including mean differences and difference in
differences with household fixed effects, monthly time fixed effects, and region-month fixed

effects with controls.
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5. Findings
This section presents the regression results that capture the average treatment effect of the
new water tariff increase on domestic water consumption in Dhaka City and the validation of
our difference in differences (DID) model. Our main analysis is done with STATA, considering
data samples from the 5th to 95th percentiles of our raw data set. Our treatment group consists
of households that faced water price increases in DWASA, and our control group consists of

households that did not face water price increases in KWASA.

5.1 OLS Regression Model Results

Water consumption may be correlated with the error term. To address this endogeneity
problem, we used monthly fixed effects in our model following equation 1. The Random Effect
Model permits the influence of both time-invariant and time-varying factors on the outcome.
That is the rationale for utilizing the fixed effect model. In Table 5, Column 1, the OLS
regression indicates that the average treatment effect of water price change in DWASA
corresponds to an increase of around 4395 liters (mean consumption of 69555 liters per
household per month) in monthly household water consumption considering only the time-
fixed effect and household fixed effect. In Column 2, we add another fixed effect, that is,
region-month fixed effect, and found an increase of 4111 liters in monthly household water
consumption. In Column 3, we add meteorological factors, temperature, and rainfall as control
factors with household-fixed, time-fixed effects, and region-month-fixed effects and found the
effect consistent. As our study period coincides with the COVID-19 pandemic period, we
further added no. of confirmed COVID cases as a control variable in Column 4 and found the
result positive and consistent. All results are statistically significant at a 1 percent significance
level. The adjusted R-square value is 0.04 in every case, implying that 4 % of the variation in
consumption happened due to the policy intervention. The actual water tariff increased by 0.72

BDT per 1000 liters of water in domestic households. For 1 BDT change in water tariff, the
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demand for water consumption in Dhaka City increases by 6103 liters, which is around 9% of

the mean average monthly water consumption in Dhaka City.

Table 5: Main OLS Regression Results

Variables Consumption ~ Consumption  Consumption  Consumption
1 (2) 3) (4)
treatXpost 4394.6™ 4110.9™ 38425 3733.8™
(587.1) (686.5) (826.0) (833.2)
Rainfall -5.448 -6.945
(5.221) (5.436)
Tavg -2849.2 -2699.6
(2788.0) (2792.1)
Covid -0.0238
(0.0241)
Constant 57274.9™ 74290.3™ 134580.8™ 131857.4™
(504.9) (728.0) (58604.8) (58669.5)
R-squared 0.04 0.04 0.04 0.04
Observations 56,753 56,753 56,753 56,753
Household FE Yes Yes Yes Yes
Time FE Yes Yes Yes Yes
Region-Month FE No Yes Yes Yes

Fkk

Note: Standard errors in parentheses “p < 0.10, ~ p < 0.05, ™ p < 0.01
From Table 5, we found that the effect of temperature, rainfall and COVID factors are
statistically insignificant, the magnitude of these factor's effect on household consumption is

minimal.

5.2 Robustness Checks

There are still concerns with the omitted variable bias that we cannot ignore. There
might be important time-varying factors that could affect water consumption at the household
level. This section of the paper examines the sensitivity of our primary findings derived from
equation 1. To achieve this, we utilise many alternative methods to assess the robustness of our

primary coefficient of interest.
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5.2.1 Parallel Trend Assumption

The central assumption of the DID model is that the treatment and control group
followed a similar path overtime before the treatment or in the absence of treatment. In our
case, the treatment and control groups’ water consumption patterns change similarly before the
treatment. Figure 7 shows that the treatment and control groups followed a parallel trend before
the policy intervention. After the policy intervention in July 2021, it is evident that the
consumption of treatment groups increased and the consumption of the control group fell,
which validates our main OLS regression results. Moreover, we conducted an event study,
falsification test, placebo test, and subsample analysis to verify the validity of this trend
assumption.

Figure 7: Validation of DID Model and Treatment Effect
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5.2.2 DID Imputation Event Study
Event studies utilizing DID models augment the robustness of the research, elucidating the
effects of certain interventions or events on the targeted outcomes. We used the DID imputation

event study design proposed by Borusyak et al. (2024), which is a more advanced and flexible
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approach in terms of implementation. From Figure 8, the treatment effect is obvious and
positive. The parallel trend assumption holds but there is some anticipation effect just before
the intervention. This might be due to pre-announcement from DWASA before increasing the
price. Typically, DWASA announces a price increase one or two months in advance.
Additionally, DWASA has a provision to increase the water tariff by 5% annually which might

act as a triggering signal and may contribute to this anticipatory effect.

Figure 8: DID Imputation Event Study Result
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5.2.3 Falsification Test
DID models’ validity relies on the premise of parallel trends assumption, which posits
that, in the absence of treatment, the treatment and control groups would have exhibited
analogous patterns across time. Falsification tests assess the validity of this assumption, hence

enhancing the credibility of the causal conclusion. Researchers can uncover biases or

confounding factors that may influence the results by analyzing pre-treatment outcomes or
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utilizing placebo events. Significant effects observed in periods or groups without treatment

indicate that the initial results may be misleading.

We also tried to validate our results by creating a setup where there should not be any
treatment effects or anticipation, or pre-trends in the absence of treatment. We found some kind
of treatment effect with problems of anticipation but the anticipation effect or the false
treatment effect is not bigger than the original data suggested that makes our results trustworthy
(see Figure 9). To further check this issue we conducted some placebos test to validate our

results.

Figure 9: Falsification Test Results
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5.2.4 Placebos

We have conducted several placebos to check if there are any other factors other than
the policy intervention in the pre-intervention period for this increase in water consumption.
Table 6 reports the placebo effects of false treatment in the absence of real treatment. The
treat*placebo interaction coefficient is statistically insignificant for models 3 and 4, where we

considered all the monthly fixed effects along with meteorological and COVID-19 factors. So,
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we can conclude that there is no placebo effect rather the treatment that creates the results of

water demand increase in our study area. These robustness checks enhance the robustness of

our findings.

Table 6: Placebo OLS Regression Results

Variables Consumption ~ Consumption ~ Consumption ~ Consumption
1) ) 3) (4)
placebol=1 -3933.3™ 7831.0™" 361.6 653.3
(1214.1) (1716.3) (5084.3) (5089.8)
placebo2=1 -2257.1 -15764.2™" 36107.3 36090.2
(1470.6) (1994.5) (34627.3) (34627.2)
placebo3=1 1075.3 1075.3 1206.3 928.1
(1470.6) (1470.0) (1595.4) (1611.4)
placebo4=1 44.03 44.03 -10207.2 -10256.5
(1470.6) (1470.0) (7020.7) (7020.7)
placebo5=1 1130.7 -38225.9 -38231.8
(1195.0) (1347.9) (26231.8) (26231.7)
treat=1 # placebol=1 -2176.3" -2741.8 -612.1 -86.08
(1284.8) (1816.2) (2286.3) (2326.2)
treat=1 # placebo2=1 636.7 -1369.2 -2918.0 -3270.2"
(1682.2) (1681.5) (1925.8) (1947.1)
treat=1 # placebo3=1 -6390.9™ 0 0 0
(1682.2) @) () ()
treat=1 # placebo4=1 2660.7 0 0 0
(1682.2) @) () ()
treat=1 # placebo5=1 801.6 0 0 0
(1253.8) @) () ()
Rainfall -9.865" -12.27"
(5.980) (6.294)
Tavg -4448.5 -4454.0
(2981.0) (2981.0)
Covid -0.0298
(0.0243)
Constant 77432.3™ 77432.3" 1714236 171998.4™"
(504.8) (504.6) (62689.5) (62690.9)
R-squared 0.04 0.04 0.04 0.04
Observations 56,753 56,753 56,753 56,753
Household FE Yes Yes Yes Yes
Time FE Yes Yes Yes Yes
Region-Month FE No Yes Yes Yes

Note: Standard errors in parentheses

*p<0.10, " p < 0.05,

FhK

p <0.01
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5.3 Average Consumption Group: Subsample Analysis (P5-P75)

For the validation of our findings, we check our main results with different sub-sample
analyses. We analyze water use patterns of households consisting of 5" percentiles to 75"
percentiles of water consumption. A total of 464 households in the treatment areas and 381
households in the control area are observed over 19 months. Table 7 shows the OLS regression
results for the dataset consisting of data from the 5th percentile to the 75th percentile. The
results show that for the average consumer group (mean consumption of 26706 liters per
household per month), the monthly water consumption of domestic households increased by
3215 liters (12% of the mean consumption) due to policy changes. The results are statistically

significant at a 1% level, considering all the fixed effects and controls in the model.

Table 7: OLS Regression Results for Average Consumption Group (Subsample P5 to P75)

Variables Consumption  Consumption  Consumption  Consumption
1) ) ®3) (4)
treatXpost 2805.6"" 3440.3™ 3358.8" 32145
(315.9) (369.0) (444.0) (447.8)
Rainfall 0.0437 -1.944
(2.806) (2.921)
Tavg 650.4 849.1
(1498.6) (1500.6)
Covid -0.0316™
(0.0129)
Constant 23955.5™ 26377.0™" 12963.0 9266.6
(318.5) (377.1) (31233.4) (31264.8)
R-squared 0.03 0.03 0.03 0.03
N 16,055 16,055 16,055 16,055
Household FE Yes Yes Yes Yes
Time FE Yes Yes Yes Yes
Region-Month FE No Yes Yes Yes

Note: Standard errors in parentheses
“p<0.10, " p<0.05 " p<0.01
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5.4 Higher Consumption Groups: Subsample Analysis (P75-P95)

Further, we check for the higher consumer groups (mean consumption of 140790 liters
per household per month) consisting of monthly water consumption from the 75" to 95"
percentiles of our main dataset. We analyze water use patterns over 19 months for a total of
450 households in the treatment areas and 13 households in the control area. Table 8, Column
4 show the OLS regression results considering all the fixed effects and the controls. The results
show an increase of 16525 liters (around 12% of the mean) in water consumption due to the
policy change, which is almost five times higher than our primary sample OLS regression
results and the average consumer group. The regression result is statistically significant at a 1%
level and indicates that at a subsidized low water price, higher consumer groups are not
responding to the price increase, which is consistent with our findings. So, water prices should
be optimally increased to make it an effective tool for demand control in the megacity of Dhaka.
Moreover, we find a large change in water consumption for changes in temperature among the

higher consumer group, though the results are marginally significant at the 10% level.

Table 8: OLS Regression Results for Higher Consumption Groups (Subsample P75 to P95)

Variables Consumption  Consumption  Consumption  Consumption
1) 2 ®3) (4)
treatXpost 14612.3™ 16009.9™" 16334.0™ 16524.9™
(3899.6) (4542.9) (5465.6) (5514.1)
Rainfall 41.99 44.62
(34.55) (35.97)
Tavg 35045.8" 34783.0°
(18448.7) (18476.9)
Covid 0.0418
(0.159)
Constant 123891.5™ 131412.5™ -610498.6 -605815.3
(1305.2) (4602.7) (390991.3) (391419.8)
R-squared 0.05 0.06 0.06 0.06
N 8,797 8,797 8,797 8,797
Household FE Yes Yes Yes Yes
Time FE Yes Yes Yes Yes
Region-Month FE No Yes Yes Yes

*Kk*k

Note: Standard errors in parentheses. “ p < 0.10, ™ p < 0.05, ™ p < 0.01
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5.5 Different Treatment Area-Based Subsample Analysis (P5-P95)

Additionally, our primary treatment group is divided into two principal regions. One
location is Khilkhet (DMA-909), and another is the Nikunjo region (DMA-910). Socio-
economic disparities may exist among these areas. Figure 10 shows the household intensity

and consumption pattern in both areas.

Figure 10: Household Intensity and Water Consumption Pattern in a) Khilkhet b) Nikunjo
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We check for both areas to see if there are any interesting findings to support our claim.
We analyze water use patterns over 19 months for a total of 1763 households in the Khilkhet
(DMA-909) compared with 704 households in the control area. Table 9 shows the OLS
regression results for the Khilkhet area. The results show that the increase in water tariff results

in an increase in water demand by 5416 units, which is higher than the main OLS regression
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results and statistically significant at 1% level. The effect of the COVID-19 pandemic is
negative and statistically significant, but the magnitude is small for the Khilkhet area. However,

the effect of temperature and rainfall is insignificant.

Table 9: OLS Regression Results for Subsample P5 to P95 for DMA-909

Variables Consumption  Consumption Consumption Consumption
1) (2) 3) (4)
treatXpost 5370.8™ 5630.3™ 5633.9™" 5416.5™"
(586.5) (685.9) (825.4) (832.6)
Rainfall -1.157 -4.152
(5.217) (5.432)
Tavg -1059.3 -759.9
(2785.9) (2789.9)
Covid -0.0476™
(0.0240)
Constant 53278.1"" 70569.4™" 92747.8 87271.0
(536.7) (726.7) (58446.2) (58509.7)
R-squared 0.05 0.05 0.05 0.05
N 46,873 46,873 46,873 46,873
Household FE Yes Yes Yes Yes
Time FE Yes Yes Yes Yes
Region-Month FE No Yes Yes Yes

Note: Standard errors in parentheses
“p<0.10, " p<0.05 “p<0.01

Table 10 shows the OLS regression results for the Nikunjo area (DMA-910) based on
520 treated households with the same 704 control households over the study period. We found
the effects of the policy change on water consumption is not statistically significant at a 5%
significance level. So, we can say that our main intuitive finding is that an increase in water
price at a low water tariff situation increases the water demand in megacities like Dhaka. It is
difficult to generalize these findings to other megacities as the other meteorological and other

factors might be different in different megacities.
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Table 10: OLS Regression Results for Subsample P75 to P95 for DMA 910

Variables Consumption  Consumption  Consumption  Consumption
1) (2) 3) (4)
treatXpost 1085.0 -1040.4 -2231.2" -1971.1"
(756.0) (882.8) (1062.1) (1071.4)
Rainfall -20.00™" -16.42™
(6.714) (6.990)
Tavg -8917.9™ -9275.9™
(3584.9) (3590.0)
Covid 0.0570"
(0.0309)
Constant 47055.5™" 64778.8"" 251028.7" 257772.6™
(757.2) (843.8) (74344.9) (74431.1)
R-squared 0.03 0.03 0.03 0.03
N 23,256 23,256 23,256 23,256
Household FE Yes Yes Yes Yes
Time FE Yes Yes Yes Yes
Region-Month FE No Yes Yes Yes

Note: Standard errors in parentheses

*hk

*p<0.10, ™ p < 0.05,

p<0.01

6. Discussions and Limitations

Although Bangladesh met its Millennium Development Goals (MDGs) of reducing the
population lacking access to improved drinking water sources three years early and
demonstrated significant advancements in sanitation, progress towards attaining SDG-6
remains challenging. The World Bank (2022) reports that 98% of the population has access to
at least basic drinking water services, 59% utilizes safely managed drinking water services, 31%
employs safely managed sanitation services, and 59% has access to at least basic sanitation
services. Regrettably, Bangladesh's water stress level or withdrawal intensity is 5.72, indicating
a significantly high status of groundwater extraction to meet the country’s water demand
(World Bank, 2022). This signifies the nation's strain on its water resources, highlighting the
challenge to the sustainability of its water usage and underscoring the necessity for appropriate

supply and demand management strategies. Moreover, Bangladesh faces a significant
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groundwater attenuation problem due to extensive extraction, rapid population growth,
urbanization, and inadequate regulation. Only 10% of the population has access to piped water.
Out of 329 municipalities, only 151 have basic systems, but these serve a limited population.
Issues include maintenance, quality, connectivity, operational costs, and service standards.
Additionally, 20% of urban dwellers face arsenic contamination and 55% face E. coli
contamination. Technical proficiency in piped water supply and fecal sludge control is lacking.
Municipalities need assistance to manage water and sanitation systems efficiently, strengthen
their operational and financial frameworks, and implement demand management policies.

In several literatures, water pricing is an established method for managing water
consumption in urban areas. In the context of Dhaka city, we observed a rising demand for
water in residential families. This is because the tariff structure does not represent the actual
cost of water production. Furthermore, under the UVC tariff system, there are no restrictions
on excessive usage, leading to the normalization of water waste among users, particularly those
with high consumption rates. This study emphasizes that subsidized uniform volumetric rate
fails to prove as an effective policy to control water demand, especially among high consumer
groups. This study can be replicated to municipalities across the country. Most of the
municipalities are using flat rate charge due to the shortage of water meters. Moreover, most
of the tariff in municipalities are not compatible with the production cost of the water. So the
government is also losing lot of revenues. Though water is a valuable resource, the people of
the municipalities care less due to the low water tariff. Due to a lack of consciousness, they are
unaware of the fact that the one drop of water they are wasting could save others' lives.

Moreover, landlord-tenant disputes constitute a significant concern in Dhaka City. In
most realistic scenarios, the renter remits a predetermined monthly payment to the landlord,

who subsequently covers the water bill. Since the consumers do not directly pay the water bill
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but rather a consolidated lump sum, they are indifferent to the entire water bill. This issue
occurs due to the absence of individual meter systems for each flat.

Block tariff is a mechanism to uphold the three pillars of IWRM: economic efficiency,
environmental integrity, and equity in developed nations. In Dhaka City, which is characterized
by significant income inequality, the lower tariff block could be improved to align with
fundamental water requirements. Subsequently, additional blocks could be augmented to
enhance the accurate appraisal of water resources. Although the prior water master plan of
DWASA proposed a block tariff, it was not adopted by DWASA. In the results section, we
observe that among the high consumer group, a price rise of 1 BDT corresponds to a monthly
average consumption increase of 22,952 liters, indicating that high users are indifferent to this
minimal price change and, therefore, augment their water usage.

Our study found the insignificant influence of rainfall and temperature on average
monthly water consumption. This might be due to the seasonal characteristics of Dhaka City.
In Figure 5, we observed that the city faces higher rainfall during hot weather. Moreover, as
there are no systematic rainwater harvesting facilities in Dhaka City, so the results look
consistent. Household-level rainwater harvesting systems and groundwater recharge systems
could greatly help increase the household's self-sufficiency and are also important to
environmental sustainability.

In a developing nation such as Bangladesh, the societal viewpoint about water is that it
is a fundamental right, with less awareness of the prudent utilization of this precious resource.
In a metropolis like Dhaka, implementing preventive measures such as fostering public
awareness regarding appropriate water usage, conducting community-based focus group
meetings, utilizing information technology to establish social agreement, and adopting water-

saving technologies might significantly mitigate water wastage and conserve water resources.
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7. Conclusion

Water pricing is the ultimate stage of water resource management. Numerous literary
works have shown evidence supporting the efficacy of water prices as a policy tool for
managing water demand and ensuring cost-effectiveness. However, in Dhaka, where water
prices are heavily subsidized and dependent on a complex billing structure, the marginal
increase in water costs leads to a slight rise in water consumption in the short term. When the
cost of water is low and subsidized, raising the price may not be an effective strategy for
managing demand. Therefore, it is recommended that non-pricing techniques, such as
increasing awareness, be encouraged to ensure effective demand-side management.
Provisionally, DWASA adjusts the water price from April to July each year, aligning with the
drought period. Transferring the period of price adjustment to the winter season can assist in
managing demand during the drought periods.

Moreover, this empirical study proposes that water pricing should be optimized based
on the cost of water production to control water demand in megacities effectively. Using a
block tariff system could be a more practical approach in Dhaka to regulate the excessive water
use by high-volume users. This system would charge lower rates for lower levels of water usage
and higher rates for higher usage. Additionally, it may be beneficial to concentrate on
implementing an area-based water tariff system targeted explicitly towards the low-income
community in Dhaka city, given the significant disparities in income levels. DWASA is
planning to switch to an area-based tariff. This study reveals that a price increase resulted in
higher water demand. Therefore, DWASA should consider this rapid surge in demand while
implementing the new price system.

Finally, a proper evaluation of the existing tariff system is required to capture the
behavioral mechanism of water consumers' consumption due to price increases and develop a

new tariff system. This study could assist water utility managers in incorporating several
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aspects, such as meteorological and seasonal variations, exogenous shocks like COVID-19,
and urbanization factors, into practical demand projections. Due to insufficient data, this study
needs to consider household income status and age demographics as factors affecting water
usage in Dhaka City. However, additional research is required to investigate these issues and

thoroughly comprehend water use patterns in megacities.

8. Future Research Plan
In addition to robust statistical data, field surveys remain significant for obtaining factual
results. Consequently, for forthcoming research endeavors, several recommendations include
the acquisition of primary data from water management specialists, WASA officials, and
trainees, employing DDD, and incorporating additional variables in the econometric model
such as household income, urbanization factors, and groundwater levels, as well as conducting

analyses at the district and city level in Bangladesh.
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