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ABSTRACT

Water demand can be classified into domestic demand and non-domestic demand. Globally, water demand modelling
for forecasting and projection has become a popular subject for study in recent years. Studies of water demand aid
the water utilities agency and municipal planning in guaranteeing financial, socioecological, and social sustainability.
This systematic review aims to present and systematically determine the factors associated with the demand for
treated water. Articles related to factors associated with demand for treated water were collected electronically from
two different databases, namely Ebscohost (116) and Scopus (250). Two pairs of independent reviewers screened the
titles and abstracts of the collected data, stored in Microsoft Excel, against the inclusion and exclusion criteria.
Afterwards, the included articles were critically appraised to assess the quality of the studies using the Mixed Method
Appraisal Tool (MMAT). Of the 366 articles identified, nine were included in the final review. The demand of treated
water is affected by (i) Socioeconomic factors, (ii) Structural factors, (iii) Water supply factors, and (iv) Climate/
Geographical factors. The supply of treated water is becoming increasingly limited, due to variuos issues. Therefore,
understanding the factors influencing the demand for treated water is critical. The findings from all the related studies
may be utilized to improve the implementation of treated water solution programmes, which would help to maximize
the successful implementation of demand for treated water programmes.

Keywords: Treated water demand, domestic, non-domestic, factors, and determinants

INTRODUCTION

Water demand encompasses the volume of water
necessary for fulfilling the requirements of
individuals, communities, industries, or
ecosystems across various activities. It quantifies
the amount of water needed within a specific
timeframe to cater to specific populations or
purposes. Water demand can be classified into
domestic demand and non-domestic demand.
Domestic water demand includes indoor and
outdoor usage activities such as drinking, meal
preparation, bathing, washing clothes and dishes,
as well as watering the garden and vyard.
Meanwhile non-domestic water usage includes
industrial, agriculture, commercial and public
uses of water such as that required by offices,
schools and hospitals'2. According to the 2016
Malaysia Water Industry Guide, the volume and
percentage of water used for domestic
consumption increased by approximately 1.85%
from 6,378 million litres per day (mld) in 2015 to
6,495 mld in 2016. Meanwhile, non-domestic
water usage increased by 4% between 2015 and
2016, from 4,074 mld to 4,242 mld?3. The
National Water Resource Study 2000-2050
predicted a 63% rise in water consumption

between the years 2000 and 2050. In particular, it
is anticipated that the volume of domestic water
demand will quadruple from 2,029 million m3 to
5,904 million m3%3,

Globally, water demand modelling for forecasting
and projection has become a popular topic of
study in recent years. Studies of water demand
aid the water utilities agency and municipal
planning in guaranteeing financial,
socioecological, and social sustainability*®.
Urbanization has been one of the driving forces
behind the rising water demand. The rapid
migration of individuals seeking better prospects
as a result of urbanisation leads to an increase in
the population density and, consequently, the
water demand. Rapid increase in population
exceeding available water resources might result
in water scarcity’. Water demand modelling for
forecasting and projection of water consumption
can be done at micro and macro level. The micro
level focuses on water demand predictors at the
household level, while the macro level focuses on
water demand predictors at the district, state,
and national levels®. Several variables, including
population density, household density, household
income, built-up area, and property density,
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might influence water demand®. In addition, the
water supplies may be changed naturally by
climate change and human density shifts'. Thus,
the purpose of this article is to present and
systematically analyse the factors associated
with the treated water demand.

The complexities surrounding the demand for
treated water highlight the necessity for in-depth
exploration through systematic review. The
increasing pressure on water treatment facilities
and infrastructure, along with potential
environmental impacts, suggests a need for
comprehensive understanding. Additionally, the
financial implications of meeting rising demands
underscore  the importance of  further
investigation into this multifaceted issue.

METHODS

This systematic review is prepared in accordance

with the PRISMA (Preferred Reporting Items for

Systematic Reviews and Meta Analyses) updated

guidelines. The objective of this review is to

identify the factors associated with demand for

treated water. The components of mnemonic PEO

(population, exposure, outcome) were

established as follows:

e Population: general or public population

e Exposure: population density, household
income, built-up area, property density,
climate change

e Qutcome: treated water demand

Searching Strategy

The literature search was conducted from 1t
November 2022 to 30" November 2022, using
Ebscohost and Scopus databases. The articles are
chosen from academic journals. The following are
keywords used for searching related articles:
"factors” OR “"determinants” AND “"domestic
water” OR "household water" OR "residential
water” AND “"demand” OR “"consumption” OR
"usage”. Deduplication was implemented in the
search engine. Remaining articles were retrieved
and imported into Microsoft Excel.

Eligibility Criteria

The inclusion criteria were: (1) publication in the
English language; and (2) original articles
including cross-sectional, case control and

Table 1. Summary of study location and study design.

experimental field studies investigating the
associated factors for treated water demand. In
contrast, mixed methods and qualitative studies
as well as non-original articles such as conference
proceedings, perspectives, commentaries,
opinion, reports, systemic review, and meta-
analyses were excluded. It was decided that the
publication period was to be from year 2000
onwards.

Study Selection

Two pairs of independent reviewers screened the
titles and abstracts of the retrieved materials
against both the inclusion and exclusion criteria.
The potential articles identified during the main
screening were kept, and the full texts were
reviewed carefully and independently by the
same reviewers according to the inclusion and
exclusion criteria. The third reviewer was
assigned to resolve any disagreements that arose
between each pair of reviewers.

Critical Appraisal and Data Extraction

Quality appraisal was conducted using the Mixed
Method Appraisal Tool (MMAT). The MMAT
evaluates the quality of articles. It focuses on
methodological criteria and includes five core
quality criteria for each of the selected articles'.
One reviewer extracted the data, which were
then assessed independently by the second
reviewer. Eligible articles were analyzed in detail
using the content analysis method without
performing any statistical tests.

RESULTS

The search yielded 116 articles from Ebscohost,
and 250 articles from SCOPUS, resulting in 366
unique hits. Only nine articles were included in
the full-text assessment after rigorous selection
screening, as shown in the PRISMA flow diagram
(Figure 1). A descriptive summary of the studies
included in this review regarding study location
and design is presented in Table 1. The findings
from nine studies were included in this systematic
review, as shown in Table 2. Two eligible articles
were from India, one from Nigeria, one from
Nepal, and one each from Ethiopia, Philippines,
and Barcelona. The analyzed articles were
published between 2017 and 2022. All nine
articles were cross-sectional studies.

Authors Study Location Study Design

Oyerinde & Jacobs 20212 Nigeria Cross-sectional

Ito et al., 2021"3 Nepal. Cross-sectional

Kumar & Ramachandran 2019° India Cross-sectional

Timotewos et al., 2022 Ethiopia cross-sectional ecologic studies
Singh et al., 2017" India Cross-sectional

Palanca-Tan R. 20206 Philippines Cross-sectional

March et al. 2012" Barcelona Cross-sectional

Almulhim & Aina 20218 Saudi Arabia Cross-sectional

Bich-Ngoc et al., 2022" Belgium

Cross-sectional
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Identification of studies via database and registries

Identification

Records identified from
Ebscohost (116) and Scopus (250)
n =366

Records removed before
screening: duplicate records
removed
n=14

!

Screening

Record screening
n =352

!

Records excluded based on
title and abstract
n=295

Reports sought for retrieval
n=>57

Reports not retrieved
n=2

!

Reports assessed for eligibility
n=>55

1 1 1 1

Reports excluded:
Not related to topic
n=46

!

Included

Reports included in qualitative
and quantitative analysis
n=9

Figure 1. PRISMA flow diagram for the systematic review
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Table 2. Summary of accepted articles.

Author Title Study Design  Sample Size Population Exposure Outcome review
(Year)
Oyerinde & Determinants of Cross-sectional 1,300 Population at the 1. Access to water within 1. 71% of the households have water within
Jacobs household water study South West region the premise their premises with r = 0.402, p < 0.05.
(2021)"2 demand: a cross- of Nigeria -Ibadan 2. Household size 2. Anincrease in household size caused a
sectional study in (Oyo State), 3. Presence of in-house similar increase in domestic water
South West Nigeria Abeokuta, Mowe, storage consumption, while per capita water
Ibafo, Arepo, ljebu 4. Household monthly demand decreases with an increase in
Ode, Sagamu, Ifo, income household size. r = 0.167, p < 0.05
Sango Ota, 5. Payment for water 3. On-site storage is significant and
Agbado (Ogun 6. Educational positively correlated with water
State), Isolo, Oshodi qualification consumption, r = 0.056, P < 0.05
and Ajegunle (Lagos 7. Building/house type 4. Household monthly income positively
State). 8. Trip number correlated with water consumption, r =
9. Trip time: time spent on 0.093, p< 0.05. Most studies agree that
water collection an increase in household income is
usually accompanied by an increase in
water consumption

5. Payment for water was significant and
negatively correlated with water
consumption, r = -0.086, p< 0.05.

6. Educational qualification : associated
with choice of water source, housing
type especially modern apartment and
lifestyle. r= 0.061, p < 0.05

7. Building/house type : A house uses more
water compared to an apartment at r =
0.052, P, 0.05.

8. The number of round trips to collect
water from a remote source is a
significant determinant of residential
water consumption among households
with off-site water sources. , r=0.253, p
<0.05

9. Time spent on water collection is
negatively correlated with household
water consumption. r = - 0.061, p < 0.05.

Ito et al., Physical and non- Cross-sectional 992 Households in Physical 1. The mean water consumption increased
20213 physical factors study Kathmandu valley: 1. source with the number of water sources
associated with Kathmandhu district 2. supply time 2. Between households using groundwater

water consumption and Lalitpur district

3. earthquake

and those using tanker water, although
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Author Title Study Design  Sample Size Population Exposure Outcome review
(Year)
at the household 4, season there was no difference in Phase 1,
level in a region those using tanker water consumed
using multiple Non-physical more water in Phase 2 (p < 0.01), while
water sources 1. wealth those using groundwater consumed
2. head education more water in Phase 3 (p < 0.01).
3. ownership 3. Total water consumption significantly
4. water treatment decreased after the earthquake (p <
0.01)

4. Total water consumption recovered in
the wet season (p < 0.01).

5. Households with higher wealth status
consumed more water, however these
associations were not statistically
significant after the earthquake.

6. Households with higher education for
household head consumed more water

7. Households using treated water
consumed less water

Kumar & Cross-sectional Cross-sectional 198 Municipal wards of Demographic: 1. There is a negative correlation (-0.34)
Ramachandr  study of factors study Bangalore city 1. Population density between population density and average
an 2019° influencing the 2. Households density monthly water consumption.
residential water 3. Household income 2. Average number of members per
demand in household in ward has a positive
Bangalore Infrastructural: influence on the average water
1. Built-up area per property consumption in the linear models. R2 =
2. Properties per ward area 0.021
3. Road density 3. Proportion of high income households
4. Street light density positively influence the average ward
5. Per capita park area level water demand, R2 = 0.330, p =
0.025

4. Average built-up area has a positive
linear association (0.48) with an average
consumption.
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Author Title Study Design  Sample Size Population Exposure Outcome review
(Year)
Timotewos The Assessment of  cross-sectional - Populations in the Climatic data 1. Significant relationship between mean
et al., Climate Variables ecologic three urban towns 1. rainfall temperature (p<0.05) and residential
2022 and Geographical studies of Ethiopia: 2. mean temperature water demand
Distribution on Arba Minch, 3. relative humidity 2. Relative humidity has (t = -3.51, p =
Residential Ziway,and Debre 0.001) a significant relationship with
Drinking Water Birhan. Water Consumption Data the residential water demand.
Demand in from nine years (2012-2020)
Ethiopia. of monthly water
consumption
Singh et al.,  Analysis of Cross-sectional 112 5 urban colonies of 1. Monthly mean 1. Daily mean temperature of the region
2017 domestic water study Ajmer City temperature (T) correlates with water concumption r=

demand variables
of a residential
colony in Ajmer,
Rajasthan (India)

2. Rainfall (RF)

3. Family size (number of
persons)

4. Family income (FI)

5. No of bathrooms (NB)

0.89 (p value = 0.01).

2. Demand is greater in the summer, less in
the winter.

3. Demand is less when rainfall  occurs,
because on a rainy day, the temperature
falls and humidity  rises, so persons
may take fewer baths or use the cooler
less (p value = 0.01)

4. Water demand is highly dependent on
family size (p value = 0.01)

5. The higher a family’s income, the
greater its demand for water  because
higher-income families have more water-
using appliances in their houses (p value
=0.01.

6. Water demand increases with the
number of bathrooms (p value = 0.01)

Palanca-Tan
R. 2020

Estimating
Residential Water
Demand in a
Relocation Area
with Inadequate
Piped Water
System

Cross-sectional 50
households

Pandi Residences 2
(Pandi 2)

1. Effective price of water

2. Household size

3. Dummy for public deep
well system

4. The demand for water is lower when the
price of water is higher (p value = 0.040)

5. Household size has a statistically
significant positive impact on  water
demand - an additional member in the
household increases its monthly water
consumption by 0.5265 m3 (p value =
0.025)

6. The public deep well system has a
statistically significant on water demand.
Its coefficient indicates that demand for
water from the public deep well system
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Author Title Study Design  Sample Size Population Exposure Outcome review
(Year)
would be about 9.75 m3 lower than the
demand for piped water.
March et al. Exploring the Links  Cross-sectional Immigrants from Factors associated with increase treated
2012 between developing countries water demand
Immigration, Immigrants from 1. Socioeconomic factors
Ageing and developed countries e People above 64 years old, adjusted
Domestic Water People above 64 years beta coefficient, -0.013
Consumption: of age
The Case of the 2. Population:
Metropolitan Area e Immigrants from developing
of Barcelona countries (%) -0.017
e Immigrants from developed
countries (%) -0.015
Almulhim & Understanding Cross-sectional - Dammam, . High education (p = Water-use behaviour based on household
Aina 20218 Household Water- Khobar and 0.037) water consumption
Use Behavior and Dhahran . Work organization
Consumption (unemployed) (p <
Patterns during 0.01)
COoVvID-19 . High total family
Lockdown in Saudi income (p < 0.01)
Arabia . Residence type (big
house) (p=0.001)
Bich-Ngoc Factors influencing  Cross-sectional 1. Income Increased water demand was associated
et al., residential water 2. Rainwater with:
2022" consumption in 3. Living area 1. Higher income (p = 0.0348)
4.

Wallonia, Belgium

Presence of
bathtub, garden,
and pool.

5. Built-up density

2. Presence of bathtub (p = 0.002), garden
(p = 0.0047), and pool (p<0.001).

3. Increased living area unit ((p=0.0034)
Reduced piped water demand was associated
with rainwater use for indoor and outdoor
activities (p<0.001) and high density area (p
= 0.0056).
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Demand for treated water

In this article, nine studies focused on demand for
treated water. Factors that are associated with
treated water demand are divided into i)
socioeconomic factors, ii) structural factors, iii)
water supply factors, and iv) climate/
geographical factors. Most of the studies included
in this review show an effect on demand for
treated water.

Factors Associated with demand for treated
water

Sociodemographic factors

A study on demand for treated water in Nigeria
found that high household monthly income has
positively influenced the average level water
demand, r = 0.093, p< 0.05'2. Similar findings are
also found in a study conducted in India®'. In
terms of education level, a study in Saudi Arabia
found that high education was significantly
associated with demand for treated water
(p=0.037)"8. In terms of age, a study in Barcelona
found that people above 64 years old have
increased demand for treated water'. According
to a study in Nigeria, an increase in household size
caused an increase in domestic water
consumption (p<0.05)'2. Similar findings were
noted in a study conducted in India®".

Structural factors

For residence type, a study in Saudi Arabia showed
that big houses were significantly associated with
demand for treated water (p=0.001)"%. In

Table 3. The details of the MMAT assessment.

addition, water demand also increases with the
increased number of bathrooms (p=0.01) as
mentioned in the study conducted in India'. The
presence of bathtub (p=0.002), the presence of
garden (p=0.0047) and the presence of pool
(p<0.001) also have significant influence on water
demand as found in a study conducted in
Belgium™.

Water supply factors

A study in Philippines found that the higher the
price of water, the lower the demand for treated
water (p= 0.040)'. This is also supported by a
study in Nigeria that found the payment for water
to be significantly and negatively correlated with
water consumption, r = -0.086, p<0.05"2.

Geographical/ Climate factors

According to a study in Ethiopia, there is a
significant relationship between mean
temperature (p<0.05) and residential water
demand'. Relative humidity also has a significant
relationship with the residential water demand
(t=-3.5, p=0.001)".

Risk of Bias

The authors conducted quality appraisal of all
nine studies using the Mixed Method Appraisal
Tool (MMAT). The methodology quality of
qualitative studies can be appraised using this
tool. Five criteria are used to assess the quality of
the studies''. The details of this assessment for
the selected studies selected are set out in Table
3.

Author Type of Study 1.1 1.2 1.3 1.4 1.5
Is the sampling Is the sample Are the Is the risk of Is the
strategy representative measurements nonresponse  statistical
relevant to of the target appropriate? bias low? analysis
address the  population? appropriate to
research answer the
question? research

question?

Oyerinde &Quantitative

Jacobs 2021 descriptive yes yes yes yes yes

lto et al.,Quantitative

20213 descriptive yes yes yes yes yes

Kumar &Quantitative

Ramachandran descriptive yes yes yes yes yes

2019? P

Timotewos etQuantitative

al., 2022 descriptive yes yes yes yes yes

Singh et al.,Quantitative

2017 descriptive yes yes yes yes yes

Palanca-Tan R.Quantitative

20201 descriptive yes yes yes yes yes

March et al.Quantitative

2012"7 descriptive yes yes yes yes yes

Almulhim &Quantitative

Aina 2021 descriptive yes yes yes yes yes

Bich-Ngoc  etQuantitative
yes yes yes yes yes

al., 2022"° descriptive
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DISCUSSION

A few factors were found to have contributed to
the treated water demand. They were classified
into four categories: (i) Socioeconomic factors,
(ii) Structural factors, (iii) Water supply factors,
and (iv) Climate/ Geographical factors

Sociodemographic factors

Similar to the findings of this study, a case study
in Nepal reported that households with low-
income tend to consume less water?. In addition,
according to previous reports in Nepal, households
with highly educated head members have higher
coping costs and owners pay more to get water
from alternative sources, although tenants would
compromise their water consumption?22, Wealth
status, educated household heads and ownership
may have helped improve coping strategies and
increase water consumption. Those with high
income levels and households with high water
consumption suggest that they have the capacity
to pay more. The higher a family’s income, the
greater its demand for water?3. Moreover, higher-
income families have more water-using
appliances in their houses, such as washing
machines, water purifiers, more faucets,
bathtubs, etc. Existing literature on water
demand frequently explains how money affects
the amount of water consumed due to the direct
effect of lifestyle and indirectly caused by the
presence of dishwashers, gardens, and permanent
pools?*. In addition, lack of awareness on water
saving behaviour among those in high income
families also contributes to high demand of water
consumption'™. On the other hand, individual
factors such as gender, job and educational level
are found to influence water use of single-
member households and these variables do not
necessarily represent the characteristics of the
whole family in larger households?.

Meanwhile, a study done in india suggests that the
mean water consumption decreases with an
increasing number of members per household in
the ward, because the average number of
household members is bigger in poor households
compared to the rich households®. In addition,
household size also has a significant positive
impact on water demand whereby an additional
member in the household would increase the
household’s monthly water consumption’®.

According to a previous study done in Barcelona,
ageing is a factor contributing to lower water
consumption per capita which contributes to
attitudes more prone to conservation, smaller
incomes, and the concentration of this age group
in the areas of denser urbanism'’. Other study
reported that an individual's lifestyle can affect
water consumption depending on job type, as well
as hobbies where people change their clothes
more often according to their social role?. The
elderly may not have developed such lifestyles

and therefore, this could result in differences in
terms of water use.

Structural factors

The present study also encouraged developmental
policies geared at apartment buildings rather than
standalone houses - since it is techno-
economically more feasible to extend water
facilities to apartments than standalone houses'?.
Governments could sustain an increased
investment in building, equipping and funding
water facilities in order to reduce the supply-
demand gap and improve water service delivery'2.
In terms of physical factors, strengthening the
diversity of water sources in both baseline and
emergency periods is essential. As stated by case
study in Nepal, regulation of groundwater
development and augmentation of recharge are
important?. In addition, road maintenance and
improvement can help make the distribution of
tanker water more efficient, even during
emergency periods.The congested wards with a
higher number of properties per road length end
up with lower than average water demand due to
the presence of low income households in the
congested wards, and vice-versa?.

The demand for water from the public deep well
system is lower than the demand for piped water
which reflects the inconveniences and the high
time cost of fetching water from the public deep
wells'e. It is noted that even households residing
just a few meters away from the public deep wells
buy water from jetmatic pump wells or water
tankers's.

In the literature on water demand, residential
characteristics, such as the year of construction,
total living space, and the number of rooms, have
strong predictive power and are naturally
correlated with  demand for water
consumption?®?°, Every additional unit of living
area will increase water consumption, when
keeping other factors such as household size
unchanged. The presence of (a) bathtub(s),
garden(s), and pool(s) also induce a significant
increase in water consumption'®.

Water Supply factors

Demand is always associated with supply and this
applies to many situations including in treated
water demand, where water supply factors such
as quantity of water affected by climate changes,
water pricing, inadequate planning and
management of authority, insufficient operation
of water and distribution system include lack of
technology, water pollution, drought conditions,
all can affect water demand and consumption?°,
According to a study in Nigeria, a large variation
in water consumption was noted between
households that have access to water within their
premises and those without access'2?. Water
sources that are easily accessible to the people
are often the most expensive per unit of water .
Improved provision of standalone public taps and
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subsidised tanker waters could improve this
imbalance'?.

Apart from that, the use of additional or
alternative water sources other than piped water
sources was associated with greater water
consumption, especially in households using both
groundwater and tanker water due to the water
supply being available in larger amounts at one
time compared to piped water, thus total water
consumption is found to be increased in
households with shorter supply times'3. However,
the diversity and greater number of water sources
is essential and necessary especially for disaster
resilience and water security®. In other
perspective, the use of rainwater as water source
or supply for the purpose of indoor and/or outdoor
activities causes a significant reduction in the
piped water consumption of the households3%3,
Besides , households' use of either treated water
or unimproved water sources were associated
with several reasons such as household income,
distance of access to safe and adequate water
sources, availability of alternative sources,
quality of water source, adequacy, waiting for
time, interest, and other cases'>.

Geographical and Climate factors

A few studies have found that climate has a
significant impact on treated water consumption
and it is related to geographical area. For
example, study in Qatar found that the climate
factor of temperature has a significant influence
on the urban water demand®. In a different
geographical area like China, the residential
water consumption is increasing due to the humid-
hot climate of southern cities®. The demand for
treated water is related to lower temperature and
some studies found that increased humidity on
rainy days also influences people’s consumption
of treated water, for example they take fewer
baths or use the cooler less, whereas the
frequency of taking showers increases in hotter
climates' .

The influence of climate variables such as mean
temperature, relative humidity, and precipitation
on water consumption was also found to be
different between the seasonal country and non-
seasonal country, aside from the different
geographical and altitude characteristics in the
country itself. Relative humidity increases with
altitude in the atmospheric boundary layer, thus
temperature will be low and this influences water
consumption.In general, Bio Intelligence states
that the availability of freshwater resources will
be affected as the Earth’s climate changes'.

Recommendations

Water policies need to take into consideration the
structural background which includes population
change, immigration, the expansion of low-
density city, and the ageing population. The
policies expected to have fairer results will be
those taking into account these structural

conditions and the different water consumption
habits that follow. Policy makers can play a role
to aid the deployment of smart water
management technologies as part of the smart
city initiatives?.

The plan to increase water prices for all
households might not be very fair for every
population, especially to those who are already
very frugal in their water usage. Reduction of
water consumption should be more focused
towards the community who consumes more
water based on their monthly usage. Besides that,
the creation and implementation of awareness
programmes on water saving behaviours,
especially among those in high income families,
need to be implemented in order for this group of
people to be more aware about conserving
water’s,

Demand for water is greater in the summer
compared to winter, and the impact of
temperature can be overcome by providing green
building concepts and using recycled water
outdoors. Furthermore, various adaptation or
mitigation plans for climate change, such as
creating bodies of water and increasing green
cover in urban areas for heat absorption, and solar
passive architecture that control indoor
temperature during the summer, can reduce
household water demand'>.

Limitation

As with any research, this systematic review is not
without limitations. The role of publication bias in
this systematic review must be acknowledged, as
grey literature was not included and this
systematic review only included studies which
were carried out within the years 2000 to 2022.
Language bias should also be considered as we
only included articles published in English,
although our search strategy resulted in literature
sourced from several countries where English is
not the primary language. Despite these
limitations, this systematic review synthesises
research evidence regarding the factors
associated with the demand for treated water,
which may serve as a guide to improving service
delivery strategies of the treated water
programme.

Future research could set out to collect data over
a relatively longer duration of time and to other
regions to expand on this work. The demand for
treated water also depends on the climate during
the study. There could be information bias due to
certain types of climate such as dry years which
might have influenced the behaviours of certain
groups of people. There are many households that
still use private water sources such as from the
wells but have no pipe connections. Therefore,
the data regarding their water consumption were
unavailable for further analysis.
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CONCLUSION

The demand of treated water is affected by (i)
Socioeconomic factors, (ii) Structural factors, (iii)
Water supply factors, and (iv) Climate/
Geographical factors. The supply of treated
water is becoming increasingly limited, due to
variuos issues. Therefore, understanding the
factors influencing the demand for treated water
is critical. The findings from all the related
studies may be utilized to improve the
implementation of treated water solution
programmes, which would help to maximize the
successful implementation of demand for treated
water programmes.

Author Contributions: All authors are involved in
the conceptualization, methodology, extensive
search of articles, critical review of articles,
result synthesis, and original draft write-up. All
authors have read and agreed to the published
version of the manuscript.

Funding
This research received no external funding

Data Availability Statement

The data that support the findings of this study
are available from the corresponding author upon
reasonable request.

Conflicts of Interest
The authors declare no conflict of interest.

REFERENCES

1. Domestic Water Use. United States Geological
Survey. https://www.usgs.gov/mission-
areas/water-resources/science/domestic-
water-use [Accessed 30th January 2023]

2. Review of the national water resources study
(2000-2050) and formulation of national water
resources policy. Final Report 2011.
https://www.water.gov.my/jps/resources/P
DF /Hydrology%20Publication/Vol2WaterGove
rnance.pdf [Accessed 30th January 2023]

3. Anang Z, Padli J, Rashid NKA, Alipiah RM,
Musa H. Factors Affecting Water Demand:
Macro Evidence in Malaysia. Jurnal Ekonomi
Malaysia. 53(1) 2019 17 - 25

4. Babel, M. S., & Shinde, V. R. (2011).
Identifying Prominent Explanatory Variables
for Water Demand Prediction Using Artificial
Neural Networks: A Case Study of Bangkok.
Water Resources Management, 25, 1653-
1676.

5. Choudhary, M., Sharma, R., & Kumar, S.
(2012). Development of residential water
demand model for a densely populated area
of Jaipur City, India. Journal of Water

10.

11.

12.

13.

14.

Sanitation and Hygiene for Development, 2,
10-19.

Odan, F. K., & Reis, L. F. R. (2011). Hybrid
Water Demand Forecasting Model Associating
Artificial Neural Network with Fourier Series.

Raj K. (2016). Urbanization and Water Supply:
An Analysis of Unreliable Water Supply in
Bangalore City, India. Economy and Society.
Springer, New Delhi.
https://doi.org/10.1007/978-81-322-2404-
4.6

Romano G, Salvati N, Guerrini A. Estimating
the Determinants of Residential Water
Demand in Italy. Water, 2014 b, 2929-2945.

Anil Kumar A. Ramachandran P.  Cross-
sectional study of factors influencing the
residential water demand in Bangalore. Urban
Water Journal, 2019 16(3), 171-182.
https://doi.org/10.1080/1573062X.2019.163
7905

Karapataki C, Adamowski J. Comparison of
Multivariate Regression and Artificial Neural
Networks for Peak Urban Water-Demand
Forecasting: Evaluation of Different ANN
Learning Algorithms. Journal of Hydrologic
Engineering, 2012 17, 834-836.
https://doi.org/10.1061/(ASCE)HE.1943-
5584.0000472

Hong QN, Fabregues S, Bartlett G, Boardman
F, Cargo M, Dagenai P, Gagnon MP, Griffiths
F, Nicolau B, O’Cathain A, Rousseau MC, Vedel
I, Pluye P. The Mixed Methods Appraisal Tool
(MMAT) version 2018 for information
professionals and researchers. Education for
Information, 2018 34, 1-7.

Oyerinde A, Jacobs H. Determinants of
household water demand: a cross-sectional
study in South West Nigeria. Journal of Water,
Sanitation and Hygiene for Development,
2021 12.
https://doi.org/10.2166/washdev.2021.175

Ito Y, Kobayashi Y, Yokomichi H, Shrestha S,
Kiem A, Kei N. Physical and non-physical
factors associated with water consumption at
the household level in a region using multiple
water sources. Journal of Hydrology: Regional
Studies, 2021 37, 100928.
https://doi.org/10.1016/j.ejrh.2021.100928

Timotewos MT, Barjenbruch M, Behailu BM.
The Assessment of Climate Variables and
Geographical Distribution on Residential
Drinking Water Demand in Ethiopia. Water,

2022 14(11), 1722.
https://www.mdpi.com/2073-
4441/14/11/1722


https://doi.org/10.3390/w14111722

Malaysian Journal of Public Health Medicine 2024, Vol. 24 (1): 110-122

15.

16.

17.

18.

19.

20.

21.

22.

23.

Singh G, Goel A, Choudhary M. Analysis of
domestic water demand variables of a
residential colony in Ajmer, Rajasthan (India).
Journal of Water, Sanitation and Hygiene for
Development, 2017 7(4), 568-575.
https://doi.org/10.2166/washdev.2017.020

Palanca-Tan, R. Estimating Residential Water
Demand in a Relocation Area with Inadequate
Piped Water System. Philippine Journal of
Science, 2020 149, 113-120.
https://doi.org/10.56899/149.01.10

March H, Perarnau J, Sauri D. Exploring the
Links between Immigration, Ageing and
Domestic Water Consumption: The Case of the
Metropolitan Area of Barcelona, Regional
Studies, 2012 46:2, 229-244,
https://doi.org/10.1080/00343404.2010.487
859

Almulhim  Al, Aina Y.
Household Water-Use Behavior and
Consumption Patterns during COVID-19
Lockdown in Saudi Arabia. Water, 2022 14,
314. https://doi.org/10.3390/w14030314

Understanding

Bich-Ngoc, N., Prevedello, C., Cools, M., &
Teller, J. (2022). Factors influencing
residential water consumption in Wallonia,
Belgium. Utilities Policy, 74, 101281.
https://doi.org/https://doi.org/10.1016/j.j
up.2021.101281

Pasakhala B, Harada H, Fujii S, Tanaka S,
Shivakoti BR, Shrestha S. Household coping
measures with water scarcity: a case study in
Kathmandu, Nepal. J. Jpn. Soc. Civ. Eng. Ser
G 2013 69 (7), 73-81.
https://doi.org/10.2208/jscejer.69.111_73

Pattanayak SK, Yang JC, Whittington D, Bal
Kumar KC. Coping with unreliable public
water supplies: averting expenditures by
households in Kathmandu, Nepal. Water
Resour. Res. 2005 41 (2), WO02012
https://doi.org/10.1029/2003WR002443

Guragai B, Takizawa S, Hashimoto T, Oguma
K. Effects of inequality of supply hours on
consumers’ coping strategies and perceptions
of intermittent water supply in Kathmandu
Valley, Nepal. Sci. Total Environ. 2017 599-
600, 431-441.
https://doi.org/10.1016/j.scitotenv.2017.04
.182.

Ghimire M, Boyer TA, Chung C, Moss JQ.
Estimation of Residential Water Demand
under Uniform Volumetric Water Pricing.
Journal of Water Resources Planning and
Management, 2016 142(2), 04015054.
https://doi.org/doi:10.1061/(ASCE)WR.1943-
5452.0000580

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Schleich J, Hillenbrand T. Determinants of
residential water demand in Germany. Ecol.
Econ. 2009 68, 1756-1769.
https://doi.org/10.1016/j.ecolecon.2008.11.
012.

Jorgensen BS, Martin JF, Pearce MW, Willis
EM. Predicting household water consumption
with individual-level variables. Environ.
Behav. 2014 46, 872-897.
https://doi.org/10.1177/0013916513482462.

Shove E. Converging conventions of comfort,
cleanliness and convenience, Journal of
Consumer Policy. 2003 26, 395-418.

Pandey VP, Shrestha S, Kazama F. A GIS-based
methodology to delineate potential areas for
groundwater development: a case study from
Kathmandu Valley. Nepal. Appl Water Sci.
2013 3, 453-465.
https://doi.org/10.1007/s13201-013-0094-1

Fox C, McIntosh BS, Jeffrey P. Classifying
households for water demand forecasting
using physical property characteristics. Land
Use Pol. 2009 26, 558-568.
https://doi.org/10.1016/j.landusepol.2008.0
8.004.

Wentz EA, Gober P. Determinants of small-
area water consumption for the City of
Phoenix, Arizona. Water Resour. Manag. 2007
21, 1849-1863. https://doi.org/
10.1007/511269-006-9133-0.

Sivakumar B. Water crisis: From conflict to
cooperation—an  overview.  Hydrological
Sciences Journal, 2011 56(4), 531-552.
https://doi.org/10.1080/02626667.2011.580
747

Shrestha S, Aihara Y, Bhattarai AP, Bista N,
Kondo N, Futaba K, Nishida K, Shindo J. Urban
household water resilience and source
selection in Nepal pre- and post-disaster. J.
Water Sanit. Hyg. Dev. 2020 10 (3), 435-446.
https://doi.org/10.2166/washdev.2020.042

Lallana C, Krinner W, Estrela T, Nixon S,
Leonard J, Berland JM. Sustainable Water Use
in Europe - Part 2: Demand Management.
European  Environment  Agency. 2001
https://www.eea.europa.eu/publications/En
vironmental_lssues_No_19.

Pakula C, Stamminger R. Energy and water
savings potential in automatic laundry
washing processes. Energy Effic 2015 8, 205-

222. https://doi.org/10.1007/s12053-014-
9288-0.
. Alshaikhli M, Ageel S, Valdeolmillos N,

Fathima F, Choe P. A Multi-Linear Regression
Model to Predict the Factors Affecting Water


https://doi.org/10.1016/j.scitotenv.2017.04.182
https://doi.org/10.1016/j.scitotenv.2017.04.182
https://doi.org/10.1007/s13201-013-0094-1
https://doi.org/10.1007/s13201-013-0094-1
https://doi.org/10.1007/s13201-013-0094-1
https://doi.org/

Malaysian Journal of Public Health Medicine 2024, Vol. 24 (1): 110-122

Consumption in Qatar. IOP Conf. Ser. Earth
Environ. Sci. 2021, 691, 124.

35. Lu S, Gao X, Li W, Jiang S, Huang L. A study
on the spatial and temporal variability of the
urban residential water consumption and its
influencing factors in the major cities of
China. Habitat Int. 2018, 78, 29-40.

36. Aina YA. Achieving smart sustainable cities
with GeolCT support: The Saudi evolving
smart cities. Cities, 2017 71, 49-58.
https://doi.org/https://doi.org/10.1016/j.ci
ties.2017.07.007



