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Abstract: Ensuring a sustainable urban water supply for developing/low-income countries requires
an understanding of the factors affecting water consumption and technical evidence of individual
consumption which can be used to design an improved water demand projection. This paper com-
pared dry and rainy season water sources available for consumption and the end-use volume by each
person in the different income groups. The study used a questionnaire survey to gather household
data for a total of 398 households, which was analysed to develop the relationship between per
capita water consumption characteristics: Socio-economic status, demographics, water use behaviour
around indoor and outdoor water use activities. In the per capita water consumption patterns of
Freetown, a seasonal variation was found: In the rainy season, per capita water consumption was
found to be about 7% higher than the consumption for the full sample, whilst in the dry season,
per capita water consumption was almost 14% lower than the full survey. The statistical analysis of
the data shows that the average per capita water consumption for both households increases with
income for informal slum-, low-, middle- and high-income households without piped connection (73,
78, 94 and 112 L/capita/day) and with connection (91, 97, 113 and 133 L/capita/day), respectively.
The collected data have been used to develop 20 statistical models using the multiple linear stepwise
regression method for selecting the best predictor variable from the data set. It can be seen from the
values that the strongest significant relationships of per capita consumption are with the number
of occupants (R = −0.728) in the household and time spent to fetch water for use (R = −0.711).
Furthermore, the results reveal that the highest fraction of end use is showering (18%), then bathing
(16%), followed by toilet use (14%). This is not in agreement with many developing countries where
toilet use represents the largest component of indoor end use.

Keywords: per capita water consumption; seasonal variation; water end-uses; Freetown; stepwise re-
gression

1. Introduction

Seasonal water supply for domestic consumption is a significant concern that affects
water demand in households [1]. Ensuring a sustainable water supply to the world’s
population between now and 2030 is a major challenge because of the current depletion
of water resources and increasing global population size. In low-middle income cities,
with the unreliable access and availability of piped water infrastructure, many households
have resorted to alternative sources of improved water supplies. This can be linked to
unpredictable weather patterns and the high demand on portable water resources [2].
It requires an understanding of the factors affecting water consumption and technical
evidence of individual consumption which can be used to design an improved water
demand projection [3].

Availability of freshwater sources is one of the biggest challenges facing the water sec-
tor in many developing cities, and this is exacerbated by the increasing material comfort of
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the urban population per capita water demand that stresses the limited water resources [4].
Many studies [5–7] have analysed some of the factors impacting domestic water demand
in developed and developing countries. The number of occupants, household type, house-
hold size, use of appliances, and presence of a swimming pool and evaporative cooler have
been identified as variables that contribute to the variability of household water use in
Melbourne, Australia [8]. In Makurdi, Nigeria [9], multiple regression analysis was used to
identify seven variables, mainly household size, gender, number of children in household,
kitchen type and level of education, as the significant factors influencing residential per
capita water consumption.

Many factors affect per capita water consumption and these are mainly variations in
rainfall patterns, effectiveness of the water sector, water quality, low pressure, residents’
economic status, attitudes to water use, energy for water supply, water tariffs and manage-
ment policies [4,10–13]. Consumer affordability is also influenced by the cost of the water
supply [13].

Attaining water security for the world’s population is a significant challenge especially
in sub-Saharan Africa and Sierra Leone in particular. The rise in Freetown’s population,
intermittent water supply and inadequate dam infrastructure coupled with seasonal vari-
ability is visible from the long queues at water points, with varying sizes of collection
containers and the long distance travelled mostly by women and children in search of
water [10,14].

This paper compared dry and rainy season water sources available for consumption
aimed at providing the first estimate of per capita water end-use volume in the different
income groups in Freetown city, Sierra Leone. The study used a questionnaire survey to
gather household data for a total of 398 households. The project includes using the collected
data to develop statistical models using the stepwise regression method for selecting the
best predictor variable.

2. Methods for Data Collection

Study Area: Freetown city, the national capital of Sierra Leone, covers an area of 81 km2

(Figure 1). Data from the Sierra Leone Statistics Office indicated 229,951 households with a
population of 1.055 million in the urban and sub-urban neighbourhoods [15]. The primary
source of water supply in Freetown is piped water from the Guma Valley Water Company
(GVWC), which is the only service provider. GVWC is a parastatal institution that is
99% owned by the Government of Sierra Leone and 1% by the Freetown City Council [16].
Alternative sources or multiple household water sources (MHWS) [17] include water stored
in tanks, wells, boreholes, springs, gravity pipes, streams pond rivers, etc. In the rainy
season, rainwater is collected in buckets under the roof or through structures that divert
rainwater into large tanks and containers. Freetown experiences the African monsoonal
rainfall type, which can be very torrential and makes it difficult to collect rainwater.

The water sector is facing serious challenges due to infrastructural dilapidation,
settlement on catchment areas, increasing water demand from population growth, poor
energy supply, and seasonal and climatic variability [7,18,19]. Despite the increasing
population, the dam has not seen any improvement for its water storage capacity since its
construction in 1960s. The provision of water supply is a significant challenge with piped
water allocation to only 50% of Freetown’s population [20].

The study area has been divided into four income groups based on their settlement
areas as shown in Figure 1 [21]. There are deprived densely populated informal slum
settlements; concentrated mainly along the coastal plains and marginalised land in the city
(slums), these communities rarely have piped water to them, but have benefitted from other
improved sources such as protected spring and gravity sources. Then, there are poor dense
areas with less access to public standpipes. Thirdly, there are clusters of poor households
in better-off areas with limited or no piped water supply services, either because of low
pressure or absence of the system. The final group is the better-off neighbourhoods, with a
meter piped connection [22].
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Figure 1. Map of study area with improved access to piped connection where research is conducted. 
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accurately on daily water end-use. The respondents were given two weeks to accurately 
record their water consumption use for any end-use activity conducted in the day rec-
orded in litres. The total volume of water collected was also recorded. In adding up the 
total water end-uses, recycled water used was eliminated. The questionnaire was vali-
dated by 20 randomly selected households before the survey was conducted. A total of 
550 questionnaires were distributed in August 2017 and April 2018 for the rainy (245) and 
dry (153) season survey, respectively. The full sample of both surveys consisted of a total 
of 398 households. The key variables investigated include the socio-demographic charac-
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Data Collection Survey: Data for this research were collected using multiple-choice-
format questionnaires containing over 80 questions. University students currently residing
at their respective households were trained on how to measure flow rate, duration and
water end-use volumes using a container and stopwatch to respond to the questions accu-
rately on daily water end-use. The respondents were given two weeks to accurately record
their water consumption use for any end-use activity conducted in the day recorded in
litres. The total volume of water collected was also recorded. In adding up the total water
end-uses, recycled water used was eliminated. The questionnaire was validated by 20 ran-
domly selected households before the survey was conducted. A total of 550 questionnaires
were distributed in August 2017 and April 2018 for the rainy (245) and dry (153) season
survey, respectively. The full sample of both surveys consisted of a total of 398 households.
The key variables investigated include the socio-demographic characteristics (age, gender,
education and income); physical characteristics (number of rooms, vehicles, bathrooms,
toilets and built-up area); water-use habits and ease of access (indoor volume, outdoor
volume, collection containers, time to fetch, distance to source, water storage facility).

Data Analysis: In this survey, 398 surveyed questionnaires were received, coded and
imported into IBM SPSS statistics V25.0 for analysis. The investigated households were
categorised into four household income groups: Informal slum settlement, low-, middle
and high-income households. The classification for the different income groups was based
on the access to pipe-borne water and payments of water tariffs, defined by the Local
Governance Act [23]. The water tariff for households in Freetown is determined from
an evaluation of the house structure and location by the Freetown City Council and the
Guma Valley Water Company assessment of the plumbing structure in the house based
on the facilities included, e.g. shower, bathtubs, inside running taps or absence thereof.
These income groups were evaluated individually to determine their daily per capita water
consumption in litres per day (L/p/d). MS Excel was used to present the results in charts
and table format. University students were identified to complete the questionnaires on
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behalf of their households because they were in English. The investigated households were
categorised into four household income groups and were analysed separately to determine
their daily per capita water consumption in litres per day.

Development of statistical models: Using the dataset, 20 statistical models were
developed using the multiple regression (stepwise) technique to select the best combination
of household, socio-economic and water-use characteristics to construct the best-fit model
based on strong statistical foundations.

3. Results and Discussion
3.1. Household Socio-Economic Characteristics

The analyses of household characteristics of 398 residential units revealed 60% of
houses, 30% apartments and 10% of compound houses (rooms). The results show that 51%
of the households (HHs) surveyed are middle-income, while the remaining 24%, 17% and
8% are low-income, high-income and informal slum settlements, respectively.

The survey revealed that only 33% of households have private connections to a piped
water supply. The piped water supply is rationed on alternate days during both seasons
throughout the study area and supplied for less than twenty-four hours. It is the primary
source for households where it exists. Table 1 presents the households’ percentage access to
the different MHWS in the rainy and dry seasons. The table shows an increase or decrease
in percentage use by households during the dry season in the study area. These sources
include small-scale water sellers using pushcart to sell water in 22 litre jerry-can containers
referred to in this research as vendor water, and water sold by tanker truck bowsers
referred to here as tanker bowser water [17,24]. The pattern by which the households
access their water sources showed that the middle- and high-income groups have the
highest access to piped water and other water sources like bowser and bottled. Rainwater,
gravity/spring and surface water are the prominent improved and unimproved sources
for the lower-income households in the area, as well as for all households during the dry
season when taps are closed for longer periods [25]. Water stored in tanks is provided and
paid for communities’ use by Nongovernmental Organisations (NGOs) and distributed
to ten-thousand-litre containers stationed at certain deprived stand piped points in the
study area. An example of this is shown in Figures 2 and 3. Packaged water is water
sold in sachets, purported to be of better quality from water cottage industries mainly for
drinking purpose. Some households reported saving rainwater in containers for use in
the dry season, as well as households using packaged water for cooking light meals. At
every improved and unimproved communal water point, households maintain a system to
distribute equitable fetching and water collection time.
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Table 1. Household percentage use of multiple water sources in the rainy and dry season for different water end-uses.

Service
Facility
Types

Multiple Water
Use Type

Rainy Season Dry Season Increased or Decreased Change Access

Drink Cook Bathe
/Hand Washing

Clothes
Wash

Toilet Use,
House Cleaning

and Others
Drink Cook Bathe

/Hand Washing
Clothes
Wash

Toilet Use,
House Cleaning

and Others

Un-
improved

Unprotected springs 9% 15% 21% 17% 30% +13% +13% +12% +18% +8%

Unprotected dug wells 20% 5% 13% 13% 28% +3% +8% +10% +15% +14%

No service
Surface water (dam,

streams, rivers, brook,
pumping station)

7% 8% 13% 33% 37% +14% +7% +25% +23% +26%

Improved

Piped water 45% 89% 88% 86% 82% +26% −3% −6% −8% −12%

Protected dug wells 23% 14% 25% 22% 17% +4% +13% +10% +12% +18%

Boreholes 16% 20% 22% 24% 33% +3% +13% +16% +16% +16%

Protected springs 9% 14% 16% 13% 6% +10% +13% +9% +12% +18%

Rainwater 38% 93% 96% 95% 96% 0 −2% −3% −3% −3%

Packaged water 78% 6% 0 0 0 +15% +5% - - -

Bottled water 25% 0 0 0 0 +5% - - - -

Vendor water 3% 6% 10% 21% 13% +7% +17% +8% +4% +13%

Tanker bowser 2% 42% 55% 32% 45% +11% +6% −2% +6% +6%

Water stored in tanks 15% 32% 38% 34% 40% +9% +2% +6% +2% −5%
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A summary of the analyses of household and socio-economic characteristics of the
398 household units surveyed is shown in Table 2. It revealed that the average family size
of all surveyed households was found to be 4.69 persons, approximately equivalent to
the average household size (4.60 persons) by the Sierra Leone Population and Housing
Census conducted in 2015 for Freetown. In this survey, the average number of adult males
and adult females from 15–65 years were 1.35 and 2.06 per household, respectively. The
average number of young (both male and female under 14 years), elders (65–75 years) and
the aged (>76 years) were 0.97, 0.21 and 0.13 per household, respectively, showing great
variation between the young and the old population [26].

The overall socio-economic characteristics of the surveyed households indicated an
average floor area of 311 m2 with a garden space of 32 m2 for most of the surveyed
households. In the surveyed households, 53% was a single storey, 30% were 2-storey, 8%
were 3-storey, 5% were 4-story and 4% were 5-storey. The average number of rooms was
three. The variation in the household family income was significant and ranged from
9 × 105 Sierra Leonean Leones (SLL)/month (≈£85) to Le 17 × 106 SLL/month (≈£1600),
with an average household income equivalent to 5 × 106 SLL/month (≈£442). The monthly
average family income is broadly consistent with the Government of Sierra Leone Civil
Service Code: Regulations and Rules governing income and salary scales and the UN
Salary scales for staff in the General Service and related categories [27].
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Table 2. Summary of statistical parameters of household characteristics for the whole survey (398 households).

Household Characteristics Unit Mean (Variance) Sierra Leone Statistics Survey
(2015)

Household size (occupancy) No./hh 4.69 (2.51) 4.60

Number of children (<14 years) No./hh 0.97 (0.84) 0.90

Number of adult male members
(15–65 years) No./hh 1.35 (0.83) 1.21

Number of adult female
members (15–65 years) No./hh 2.06 (1.14) 2.00

Number of elders (66–75 years) No./hh 0.21 (0.18) 0.32

Number of elders (>76 years) No./hh 0.13 (0.11) 0.20

Number of rooms in the
household No./hh 3.31 (1.44) 3.00

Number of floors in the
household No./hh 1.17 (0.93) 1.00

Total built-up area of floors
m2/hh

311.36 (4377.1) 280.00

Garden area per household 32.03 (160.38) 28.00

Monthly per capita income SLL/mon (×106) 1.35 (1.43 × 106) 0.90

Household type %
Houses (60.6%)

Apartment (29.9%)
Compound houses—rooms (9.5%)

Houses (54.4%)
Apartment (20.2%)

Compound houses—rooms (9.9%)

No. of houses, apartments and
compound houses No.

Houses (241)
Apartment (119)

Compound houses—rooms (38)
-

Note: hh = household, SLL = Sierra Leone Leones (1000 SLL = £0.081).

3.1.1. The Effect of Household Socio-Economic Characteristics on the Average Total
Water Consumption

The correlation coefficient R can be used to evaluate the strength of the relationship
between variables [28,29]. The analysis of the data suggests a strong relationship between
household occupancy (i.e., the number of people in the household) and total water con-
sumption (R = 0.64), whilst there is a negative relationship between household total per
capita consumption and household size (R = −0.728). The study revealed that family
income has a positive correlation (r = 0.70, p < 0.05). This relationship implies that there is
an increase in per capita water consumption with the monthly income. Per capita water
consumption increases with the number of containers (R = 0.61) used by households but is
negatively affected by the distance to water points (R = −0.53) and the time spent to fetch
water and return back (R = −0.71). This finding is consistent with those of [30] who found
that collection time and distance to water points are constraints to water access, because
poorer households use less water as they have fewer storage containers and transport
assets. In this study, variables such as education level and employment status provide some
indications of the socio-economic status of the households in each income group. Generally,
according to [31], the adult literacy rate in Sierra Leone is 32%. The high proportion of
households with tertiary holders (42%) is because the surveys targeted university students
to respond on behalf of their households, who have the requisite knowledge to understand
and give accurate answers on access to their water supply. The results on occupation
revealed that 31% were in trading and business, 29% civil servants, 24% artisans/craftsmen,
and 16% were engineers, technicians, and surgeons.

a. Distance to the sources of water

Although multiple water sources are available to the households, the surveyed house-
holds have preferences of particular sources for specific water end use either because of
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availability or ease of access. The analysis of the full sample revealed that approximately
33%, 16% and 7% of the households have access of a household pipe connection, protected
dug well and a borehole, respectively, within their households in the study area. Table 3
presents the percentages of the household’s distance to access the multiple water sources
in their neighbourhoods. Only 46% of the households obtained their water from a distance
of 0–100 m to their homes. A total of 90% of the surveyed households fall within the UN
stipulated distance of within 1000 m to their homes [32,33] while the remaining 10% of the
households cover more than 1000 m in search of their water source. In such a situation,
productive time is lost to trekking and queuing for long hours.

Table 3. Percentages of households with multiple water sources at various distances.

Distance of
Water Source to

Homes (m)
HPC BH WST PDW WB VSS PS R/S S/G RW Total

Households (%)

0–100 33 22 39 25 40 45 63 28 20 96 46
101–500 - 18 54 35 - - 68 16 32 - 26

501–1000 - 10 39 23 - - 50 14 13 - 18
>1000 - 13 16 15 - - 23 12 9 - 10

Note: PS—Public standpipe, WST—Water stored in tank, BH—Borehole, PDW—Protected dug well, WB—Bowser, HPC—household piped
connection, RW—Rainwater, VSS—Vendor pushcart, R/S—River/Stream, S/G—gravity/spring.

b. Time spent to water sources and return home

Figure 4 presents the percentages of households’ distance and time spent to access
their daily water use. For households a longer distance away from a water source, this
affects the quantity of water collected for household use.
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Figure 4. Percentages of households’ distance and time spent to access their daily water use.

From the figure, only 21%, which is less than a third of the surveyed households,
spend 30 min or less to access their water supply. The remaining 79% of households fall
beyond the UN’s recommended baseline time, which should not exceed 30 min to fetch
water and return home [34]. The analysis revealed that productive time is lost to trekking
and queuing for long hours to collect daily water use.
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3.1.2. The Effect of Household Socio-Economic Characteristics on per Capita Average
Water Consumption

The frequency distribution of the total average daily per capita water consumption
for the whole sample is shown in Figure 5, signifying that the average is about 93 litres per
capita per day (L/p/d). The average daily per capita water consumption for households
with a piped connection is 112 litres per capita per day (L/p/d). These amounts are higher
than the nationwide estimated per capita volume by the [35] set at 40 L/p/d with only
piped water use. This total average water consumption is the volume of water obtained via
the various multiple sources, as indicated in Table 1. Per capita consumption varies from
73 to 112 (L/p/d) for households without pipe-water connections where showering, toilet
flushing and hand wash basin use are absent, and from 91 to 133 (L/p/d) where showering,
toilet flushing and hand wash basin tap use are common. The increase in male members
and children in the household increases per capita consumption. This increase in per capita
consumption for males seems to be because a high percentage of men are engaged in daily
employment and use water for personal hygiene, probably washing clothes more than
other members of the family daily. The high consumption for children is because they need
to be cleaned more often than adults or elders in the household.
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3.1.3. The Effect of per Capita Income on the Average Water Consumption

The results of each analysed group with either piped connection or nonpiped con-
nection reveal that the average daily per capita water consumption increases with income
levels (i.e., 73, 78, 94 and 112 L/p/d in informal settlements, low-, middle- and high-income
groups, respectively, for nonpiped households), with an average per capita water for the
full sample of 93 L/p/d. Households with some piped connections have indicated the
use of showers, wash hand basins and cistern toilets. The average daily per capita water
consumption also increases with income levels (i.e., 91, 97, 113 and 133 L/p/d in informal
settlements, low-, middle- and high-income groups, respectively). The distribution of water
use reveals slight variations between income groups (Figure 6a,b). Figure 6a shows that
the highest distribution is showering (21%), when it is done by occupants, then followed
by toilet flushing (16%) and clothes washing (15%). In Figure 6b, the highest distribution
fraction is bathing (22%), followed by laundry (18%) and toilet use (15%). These are in
contrast to many developing countries where toilet use consistently represents the largest
component of indoor end use [35].
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Figure 6. (a) Impact of per capita monthly income on water end uses in Freetown for households with piped-connection.
(b) Impact of per capita monthly income on water end uses in Freetown for households without piped connection.

3.2. Average per Capita Water Use for the Different Water End-Uses (Micro-Components)

Here, a household’s total water consumption is divided into a number of micro-
components: Showering, bucket bath, toilet flushing, house washing, cooking, dish wash-
ing, clothes washing, wash hand basin, garden watering and vehicle washing. The distri-
bution of average daily use of each of these components in all income groups is shown in
Figure 6a,b. Only some of the households recorded shower, hand wash basin and cistern
flush use. Of the 398 surveyed households, none were recorded to have a swimming pool.
However, some households recorded owning a garden area (34%) and vehicle (61%). In
agreement with [36], daily per capita consumption decreases with the number of household
occupants.

The summary of average values for different micro-components per person (e.g. fre-
quency, duration of use and flow rate) is illustrated in Table 4. It shows the comparison
between these parameters in informal settlements, low-, middle- and high-income house-
holds. The water use characteristics for different micro-components of the households in
different income groups are briefly discussed in the following sections below (Section 3.2.1
to Section 3.2.12).
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Table 4. Summary of mean values of water end-use parameters (398 households).

End-Use Parameter/Variable Unit Overall
Sample

Slum
Income

Low
Income

Middle
Income

High
Income Comparison with Past Studies

Shower

Number of showers taken per capita per day shw/p/d 0.52 0.34 0.35 0.51 0.92 (0.51 shw/p/d) [11]

Duration of each shower min/shw 3.28 3.02 3.43 3.32 3.35

Flow rate L/min 6.93 4.60 4.12 7.86 9.54 (0.13–0.17 min/shw) [37]

Bathing (Bucket)
Number of baths taken per capita per day bt/p/d 0.94 0.92 0.92 0.94 0.96 (0–1 bt/p/d) [38]

Volume of water used in each bath L/bt 20.80 20.04 20.30 21.38 22.73 (20L) [12]

Hand wash
basins

Number of times hand wash basins are used per capita per day brt/p/d 3.07 3.20 3.02 3.00 2.72 (10 brt/p/d) [11]

Duration of tap use sec/brt use 59.55 58.17 57.41 59.29 62.00 (3–4 brt use) [39]

Flow rate L/min 2.65 2.41 2.73 2.80 3.02 (2–5 L/min) [40]

Toilet flushing

Number of toilet flushes used per capita per day tf/p/d 3.05 3.19 3.25 3.16 2.61 (2–7 tf/p/d) [41]

Volume of water used per person in each toilet flush L/tf 5.71 4.37 4.33 5.81 7.02 (4–10 L) [42]

Number of latrines used per capita per day lat/p/d 2.96 3.11 3.04 3.04 2.80 (1–3 lat/p/d) [42]

Volume used per person for each pit use L/lat/fl 1.82 1.78 1.82 1.84 2.01 (2–3 L) [30]

Number of pour flush latrines used per capita per day pf/p/d 3.02 3.12 3.11 3.06 2.96

Volume used per person for each pour flush use L/pf/d 2.8 2.77 2.83 2.95 2.90 (2–3 L) [43]

Dishwashing
(bowl)

Number of dish-washing per day dws/d 2.00 2.00 2.00 2.00 2.00

Volume of water used in each dishwashing vol/wsh 6.91 6.02 6.52 8.57 9.99 (15–23 L) [44]

House cleaning
Number of house-cleaning per day wsh/d 0.16 0.18 0.15 0.16 0.18 (3–78 L) [45]

Total volume used per household per day L/p/d 8.42 9.84 7.58 7.20 6.37 (1–20 L) [30]

Clothes washing
(hand)

Number of clothes-washing sessions wsh/d 0.26 0.28 0.29 0.26 0.21

Volume of water used per wash per day L/wsh/d 16.50 17.85 18.64 19.51 21.10 (5–20 L) [46]

Vehicle washing
Number of vehicles washed per day wsh/d 2.23 1.33 1.38 2.68 1.66

Volume used per day L/wsh/d 10.38 9.60 9.51 10.77 10.78

Cooking Volume of water consumed in cooking L/p/d 12.11 9.86 10.08 11.98 16.48 (10–50 L) [38]

Drinking Volume of water consumed for drinking L/p/d 4.17 3.56 3.88 4.18 4.51 (2.7–3.7 L) [47]

Garden Volume of water consumed for garden L/p/d 9.24 7.50 7.80 8.07 10.54 (0.4 t/d) [48]

Total water consumption L/p/d 93 91 97 113 133 (28–244) for 5–50% piped households
with MWSU access [25]

Note: L/p/d = litre per person per day, L = litre, p =person, d = day, wsh = washes, min = minute, vol = volume, bt = bath, shw = shower, sec = second, brt = bathroom tap, tf = toilet flushing, lat = latrine, pf =
pour flush, fl = flush, dws = dishwash, t = time, No./d = number per day, unit for all volume = litres.
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3.2.1. Showering

Showering is only common to some households (47%) and has a positive relationship
to household income. The daily per capita water use for showering is a function of the
number of times taken, the duration and flow rate of shower. The number of times a
shower is taken rises across income groups. The average number of showers in the full
sample is moderate (0.52 shw/p/d), with an average flow rate of shower (6.93 L/min)
(Table 4). Most of the households with piped connections recorded a low tap pressure flow
of their water supply, especially in peak hours of the day. The specific shower types in the
households were not investigated. The average duration is 3.28 min/shower, and the times
a shower is taken increases with per capita income. Showering accounts for the highest
(18%) distribution of indoor daily water end-use, but showers are only taken by households
when tap water is available, as piped water is rationed throughout the study area.

3.2.2. Bathing (Bucket)

In all income groups, having a bucket bath is common to all households and accounts
for 16% of total water use (Figure 6b). The results show a frequency of 0.92 to 0.96 per
capita per day (Table 4). The average daily per capita use varies from 20 litres (L) in the
lower-income groups to 23 litres (L) in the high-income group. The use of bathtubs is not a
common practice in Freetown, because of the volume of water it will consume if members
of households prefer to take baths in them. Generally, in all income groups, as the size of
the household increases, the amount of water used for bathing per person decreases. The
smallest household size (2 persons) has the highest water consumption per capita with the
larger-size (8–12 persons) households having the lowest per capita usage [49]. The quantity
of water required to maintain good hygiene may vary significantly depending on the water
collection behaviour [29,36].

3.2.3. Toilet Use and Flushing

Based on the survey of the households involved in this study, the toilets were ei-
ther pit latrines (52%), single flush with cistern (34%) or pour flush (14%) with average
capacities of 1.8, 5.7 and 2.8 L respectively (Table 4). Toilet flushing refers to the use of
these various toilet types. The calculated average toilet flush per capita per day was 2.8
times/day. The frequency of per capita toilet use was higher in the informal settlement
slum (3.19 times/day) and low-income households (3.25 times/day) than in the other
high-income households. The average number of occupants in the informal settlement
group was 6.2. In [9], it was explained that the higher frequencies and volumes used by
the lower-income level groups may be because of the squalid conditions in which these
households live in. Therefore, they are at high risk of water-related diseases and would
spend most of their time using the toilets. The low frequency in the high-income-level
households may be because of low household size or that they spend most of their time
during the day at the workplace, where some flushing at home is replaced by flushing
at the workplace. From the data presented in Table 4, it appears that in the high-income
households, water consumed for personal hygiene-related activities is still high because of
their awareness to maintain healthy hygiene.

3.2.4. Hand Wash Basin Tap Use

The tap use considered in this study is water used in hand wash basin taps (teeth
cleaning, hand washing, ablution, kitchen sink) where applicable. In all income groups,
hand wash basin users are low, accounting for only 5% of total water use (Figure 6).
Similarly to shower use, hand wash basin usage is influenced by the number of times
the hand wash basin tap is used, and this is subject to when pipe water is available to
the household. As with showers, the flow rates from the hand wash basin increases with
household income. The reason for this could be that households in the higher-income
group have better fitted plumbing structures to increase the flow to their homes. The
frequency of hand wash basin use also rises with income. The average duration of hand
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wash basin tap use for all income groups is 59 s per use. When multiplied with the number
of times of hand wash basin tap use, the total daily per capita tap duration becomes
3.10, 2.89, 2.96 and 2.81 min/p/d for informal settlement, low-, middle- and high-income
households, respectively. These figures are similar to values found in the literature of
Victoria, Australia [39]. The analysis also showed that households with taps use more
water per capita than those without [50].

3.2.5. Dishwashing

The use of a dishwasher is not common in Freetown, mainly because of the lack
of energy and irregular water supply to operate it. None of the respondents recorded
owning a dishwasher in both the rainy and dry seasons’ surveys. Dish washing is mainly
done manually in a bowl of water and mostly done at the household level. Per capita
dishwashing accounts for 5% of the average total water usage. The daily water consumption
for dishwashing is a function of the number of dish-washing a day and the volume of water
used in each wash. The frequency of dish-washing is 0.51 per person per day for all income
levels, i.e., after each meal (breakfast and dinner). There is a considerable mean difference
in total per capita water use between households in the lower-income levels (6.02 and
6.52 L/p/d) for informal and low-income groups, respectively, and those in the higher-
income groups as they use 8.57 and 9.99 L/p/d for middle- and high-income households,
respectively (Table 4). Families in the lower-income groups are larger in number and they
undertake certain activities (e.g. eating and sleeping) communally. Therefore, they may
use less dishes and water than families in higher-income households.

3.2.6. Clothes Washing

Water-saving household appliances such as washing machines are not common in
the survey area. The reason could be mainly because of the lack of energy to power the
appliance and continuous water availability for its operation. Hence, clothes and dishes
are done mostly by hand in a bowl of water as it is more efficient and inexpensive in
this region [30]. Of the 398-sample survey, only two respondents in the middle-income
level group recorded owning a washing machine but hardly use it because of a lack of
constant energy and piped water supplies. Washing clothes by a washing machine can
use from 40 to 200 L per wash depending on the technology [44]. It has been observed
that washing clothes by hand in a bowl with water uses much less volume (20 L) and is
more sustainable. The main parameters to identify water consumption for clothes washing
are the number of times clothes washing is done per day and the volume of water used
per wash. Clothes’ washing is done from 0.21 times/day for the high-income group to
0.28, 0.29 and 0.26 times/day in informal settlement, low- and middle-income groups,
respectively. Previous studies have observed that people with more clothes might not have
to wash clothes more often as people with fewer clothes [45].

Other parameters that can influence the number of clothes washing per household
per week can be seasonal (temperature) variability and the number of occupants in the
household [51]. Clothes washing can become more frequent in hot and dusty weather [52].
The average per capita water use is 18, 19, 20 and 21 L/p/d in informal settlement, low-,
middle- and high-income families, respectively.

3.2.7. House Washing

Analysis of daily average water use for house cleaning is shown in Table 4 and Figure 6.
It can be seen that a slight variation exists in daily volume used among the households.
The volume for house washing constitutes about 5% of the total daily water consumption.
The average quantity of 8 L/p/d could be because of the many multitenant apartment
and compound houses (rooms) present in the area. These multitenant households usually
share communal space, e.g. toilets, kitchen spaces, if present, and room sizes are usually
small, and so do not require much water for cleaning activities. Cleaning activity is mostly
done with water in a container. The frequency of cleaning is from 0.15 to 0.18 times/day
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(Table 4). Most of the high-income households have their floors carpeted or covered in
linoleum mats, which uses less water to clean.

3.2.8. Cooking

The per capita water consumption per day in developing countries can be as low as
20 L [53]. The UN also noted that a human being needs 50 L of water per day in order
to prepare meals and to have enough for personal hygiene. The current study shows
that the average volume of water required to prepare food increases with family income,
accounting for 9.86, 10.1, 11.9 and 16.5 L/p/d in informal settlement, low-, middle- and
high-income households, respectively (Table 4).

3.2.9. Drinking

It is evident that between 1990 and 2008, about 1052 million of the urban population
in developing countries have gained access to improved drinking water despite struggling
with the population growth to have equitable distribution [54]. However, there are still
challenges for water managers because the number of urban dwellers living in slum-
deprived areas continues to increase with limited service provision [15,48]. By 2025, half of
the world’s population will be living in water-stressed areas [55]. In this survey, drinking
accounts for 3% of the total household water consumption in this survey. The average per
capita drinking consumption is 4 L per day, which is slightly above the 2.7–3.7 L designated
by [56]. The analysis revealed that 37% of the respondents are concerned with the quality of
the water they collect and 48% of all the households explained that they perform some form
of treatment such as adding sterilising tablets or leaving it to settle in a special container
before use. Therefore, more than 75% of the total households explained that they prefer
to consume packaged water, that is, water in plastic sachets or bottled which they believe
has been properly prepared for consumption. This is in line with the [57] observation who
explained that more than 35% of households consume bottled and package water at home
in consideration for quality.

3.2.10. Outdoor Water Usage

The outdoor use is composed of garden watering, swimming pool usage and vehicle
washing. No information on the outdoor activity swimming was recorded in the whole
sample. This could be due to several reasons such as a decrease in temperature condition,
and economic and physical water scarcity.

3.2.11. Vehicle Washing

The analyses show that in the case of vehicle washing, the highest frequency of
vehicles washed per day is the middle-income group (2.68 wsh/d). However, in terms
of volume of water used per wash per day, the highest consumers are the high-income
households. The consumption of average daily per capita water use of 10.38/wsh/d is
because of seasonality and availability of water sources for use. It can be seen from the
data in Table 4 and Figure 6a,b that the average per capita water use for vehicle washing
accounts for 7% of the total daily water consumption. Water used for vehicle washing
is collected from the MHWS (viz. tap, rain, wells, streams, tanks and springs). None of
the households recorded using a water hose for washing vehicles. Some households also
indicated that their vehicles are sometimes washed at car washing centres.

3.2.12. Garden Watering

In terms of garden watering, and like most of the other end-uses, none of the house-
holds recorded using a water hose. Most of the houses recorded only one watering session
per day, either in the morning or in the evening. During the rainy season survey, none
of the households recorded water consumption for gardens. This may be because they
depend on the rain to water their gardens. In order to measure the seasonality impact, the
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survey was repeated during April (2018) to account for water consumption variations in
the dry season.

The total volume of water used for garden watering increases slightly with income
levels: 7.50, 7.80, 8.07 and 10.54 L/p/d in the informal slum-, low-, middle- and high-
income households, respectively.

3.3. Statistical Modelling of Daily per Capita Water Usage with Household Socio-Economic
Characteristics

The water consumption data from the full 398 households were divided into calibra-
tion and validation sets. Then, 70% of the data were used for calibration (i.e., training),
while the remaining 30% were spared for validation (i.e., testing) purposes. The calibra-
tion data set was used to develop statistical models to predict per capita consumption as
a function of household socio-economic characteristics. The household socio-economic
characteristics were divided into three groups, that is:

1. Socio-demographic characteristics: e.g., number of children, adult females, adult
males, elders 66–75 years and elders over 76 years.

2. Physical characteristics: e.g., the number of rooms, household size, the total area of
floors and house type.

3. Water-use characteristics: e.g., shower volume, toilet flushing volume, time spent to
fetch water and distance to water source.

Models Based on Multiple Linear Regression (Stepwise)

The STEPWISE multiple regression approach has been previously used successfully
to predict water demand [11]. The technique readily selects the combination of relevant
independent variables to develop the best-fit model based on strong statistical foundations
and saves on the intense computational effort required by some other methods (e.g. evolu-
tionary polynomial regression). It is a potential approach for selecting the best predictor
variable from a large number of variables.

The Stepwise multiple regression approach is applied using IBM SPSS Statistics (v. 25)
software to determine the best subset model for daily per capita water use estimation. Using
the calibration set of data, the relationship between the independent variables (household
socio-economic and water use characteristics) and the dependent variable (per capita water
consumption) was investigated, and the values of the correlation coefficient (R) are shown
in Table 5. From the table, it can be seen that the strongest significant relationships of per
capita consumption are with the number of occupants (R = −0.728) in the household and
time spent to fetch water for use (R = −0.711).

The acceptance or deletion of an independent variable for the regression model is
based on the strength of the relationship (i.e., the strength of the correlation) and also its
contribution to the decrease in the residual sum of squares [11]. The regression coefficients
and model are then statistically verified at every iteration to select or delete the independent
variable.

Using the STEPWISE approach with the calibration set of data of the 398 investigated
households, four models were developed based on demographic, physical, water use and
whole characteristics (i.e., Model 1, 2, 3 and 4 in Table A1). The same process is repeated
using the calibration set of informal slum-, low-, middle- and high-income households’
data. These models are also shown in Table A1 and they are statistically significant at
(p < 0.05).

In total, 20 models were developed. The predictions from these models were plotted
against the actual per capita water consumption values obtained from the study, as shown
in Figure A1. The figure shows that the trend-lines of validation and calibration sets are
almost indistinguishable in all cases. Additionally, the R2 value improves further when the
water consumption data are disaggregated into the various income groups, i.e., informal
slum, low, middle and high.
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Table 5. Correlation coefficients between household characteristics and per capita water consumption.

Correlation Coefficient Value (R)

Demographic Characteristics Physical Characteristics Water Use Characteristics

No. of
Children

No. of
Adult

Females

No. of
Adult
Males

No. of
Elders 66–75

(E66–75)

No. of
Elders >76

(E>76)

No. of
Occupants

No. of
Rooms

No. of
Floors

Total
Built-Up
Area (m2)

Shower
Volume

(L)

Toilet Flush
Volume (L)

Distance
to Source

(m)

Time
Spent
(min)

Per capita
water

consump-
tion (L/p/d)

All investigated
households −0.527 −0.593 −0.512 −0.534 −0.251 −0.728 −0.163 −0.056 0.021 0.631 0.562 −0.531 −0.711

Informal slum
households −0.605 −0.721 −0.534 −0.527 −0.283 −0.760 −0.204 −0.501 0.319 0.582 0.673 −0.745 −0.763

Low-income households −0.590 −0.654 −0.403 −0.364 −0.273 −0.758 −0.261 −0.426 −0.427 0.675 0.635 0.782 −0.731
Middle-income

households −0.648 −0.683 −0.493 −0.379 −0.261 −0.783 −0.593 −0.413 −0.526 0.719 0.630 −0.664 −0.726

High-income households −0.572 −0.650 −0.484 −0.243 −0.252 −0.819 −0.673 −0.529 0.537 0.720 0.743 −0.745 −0.718

Note: L/p/d = litres per capita per day.
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4. Seasonal Variability and Impact of Average per Capita Water Consumption
4.1. Average per Capita Water Consumption in Rain Season

The seasonal variability of domestic water consumption in many tropical countries is
mainly affected by climate, seasonal and hydrological conditions [57–61]. Per capita water
consumption is a function of socio-economic, weather, season, hydrological characterisa-
tion, lifestyle and technical factors. It varies with people’s behaviour, habits, income level
and culture. Therefore, per capita water use varies from one region to another [17,19].

Daily per capita water consumption was found to be about 7% higher than the average
daily consumption for the full sample in the rainy season, whilst daily per capita water
consumption was almost 14% lower than the full survey in the dry season.

The frequency distribution and cumulative frequency of per capita average water
consumption for all surveyed households during the rainy and dry season are shown in
Figure 7. From this figure, it can be seen that the number of households which consume
more than 93 L/p/d is decreased from 71% in the rainy to 6% of households in the dry
season. Further analysis of the dry season survey shows that the daily per capita average
water consumption is mainly between 26 and 75 L/p/d compared to that in the rainy
season, which is between 75 and 120 L/p/d. Additional analysis revealed that the majority
of the consumption is lower in the dry season because of the water scarcity and limited
access to alternative water sources. The analysis revealed that productive time is lost to
trekking and queuing for long hours to collect daily water for use. These values of both
seasonal surveys are not in agreement with those of the [32] report, which showed that per
capita consumption ranges between 40 and 78 L/p/d during both seasons in the year.
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Figure 7. Seasonal variability of per capita average water consumption.

4.2. Seasonal Variability of Water End-Use

Households access their domestic water for consumption based on their income levels,
accessibility and consumption patterns [62] The piped connected households receive water
for a short period of time on some days of the week. Hence, households have responded by
storing water in large containers in the home, as well as using all available MHWS, which
can be improved private wells/boreholes and other unimproved sources (unprotected well,
unprotected springs, stream) [63].

To study the seasonal variability of water end-uses, a two-tailed t-test is used at a 95%
confidence interval, as shown in Table 6. It can be observed from this table that the p value
of bathing, cistern flushing, latrine use, hand wash basin taps, pour flush use and house
cleaning is higher than 0.05. This explains that there is no statistically significant difference
between the consumption in the rainy and dry season. These finding are in agreement
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with [38,58,59], which showed that toilet use and bathing are less sensitive for seasonality.
Conversely, the other water end-uses (i.e., shower, dishwashing, clothes washing, drinking,
cooking, vehicle washing and garden watering) have a statistically significant difference
(p < 0.05) between the two seasons (Table 6).

Table 6. Statistical comparison of water end-uses between rainy and dry season.

Water End-Use

Average Water Consumption
(L/p/d) Mean Different

(Rain-Dry Season)
Percentage
Difference

t
Value

Significant
(2-Tailed)

(p)Rainy Dry

Showering 30.00 21.83 8.17 53.2 2.243 0.026
Bathing 20.70 16.50 4.2 27.3 −1.062 0.290

Hand wash basin 8.04 5.19 2.85 18.5 −1.043 0.299
Cistern flushing 14.37 11.37 3.0 19.5 1.009 0.315

Latrine use 5.68 5.40 0.28 1.8 −1.705 0.090
Pour flush use 8.96 8.41 0.55 3.6 1.232 0.220
Dishwashing 8.40 7.64 0.76 4.9 8.514 0.000

Clothes washing 19.25 15.43 3.82 24.9 2.827 0.005
Drinking 4.38 3.78 0.6 3.9 −2.244 0.026
Cooking 10.83 14.15 −3.32 −21.6 4.121 0.000

House cleaning 8.96 6.60 2.36 15.4 −0.150 0.881
Vehicle washing 11.53 10.25 1.28 8.3 1.276 0.020
Garden watering 0.00 9.18 −9.18 −59.7 −2.695 0.013

Note: p < 0.05 = significant difference between rainy and dry. p > 0.05 = no significant difference between rainy and dry.

An efficient technique of studying and estimating per capita water consumption
is to separate the various water end-uses into component parts [37]. During the dry
season, indoor water use (105.4 L/p/d) decreases compared to rainy season consumption
(115.8 L/p/d) for households with piped connections (Table 6), whereas outdoor use
(vehicle washing and garden watering) shows a slight seasonal increase from 11.53 L/p/d
in the rainy season to 19.43 L/p/d in the dry season. Similarly, in the dry season, for
households without a piped connection and with either a latrine or pour flush toilet, indoor
water use (72.4 and 75.6 L/p/d) decreases compared to rainy season consumption (89.7 and
93.0 L/p/d) for latrine and pour flush toilet types, respectively. The outdoor use (vehicle
washing and garden watering) maintains the same seasonal increase.

The summary of average values of water end-use parameters (number of uses, du-
ration of use, flow rate where applicable and volume) is illustrated in Table 7. The table
shows the comparison of these parameters between the rainy and dry season.

4.3. Seasonal Variability Impact on Water End-Uses between the Seasons

The reliability of piped water supplies has deteriorated in the dry season. Showering
is only common to some households with piped water connection (44%) and increases with
family income. Showers were the greatest end-uses among households, accounting for
16–20% on average for the dry and rainy season, respectively, and ranging between 13%
and 22% in the lower- and upper-income levels.

The comparison of rainy and dry surveys showed that 100% of the households in the
dry season consume between 18 to 25 L/p/d for showering, whereas in the rainy season,
only 28% of households consume 25 L/p/d or less, with the remaining 72% consuming
above 25 L/p/d. There is a reduction in the number of households during the rainy (15%)
and dry (13%) season. The decrease in shower water use and number of households
taking a shower is attributed to water scarcity. However, the average duration of each
shower decreases from 3.61 min/shower in the rainy to 2.36 min/shower in the dry season,
with an increase in shower flow rate of 7.02 L/min in the rainy to 9.25 L/min in the dry
season (Table 7). This finding is consistent with the [64] explanation, which stated that
household activity water usage can vary greatly depending on associated technology and
water availability.
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Table 7. Statistical variability of mean values of water end-uses parameters.

End-Use Parameter/Variable Unit
Overall Survey Slum Income Low Income Middle Income High Income

Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry

Shower

Number of showers taken per capita per day shw/p/d 0.39 0.70 0.36 0.36 0.33 0.44 0.40 0.76 0.51 0.94

Duration of each shower min/shw 3.61 2.36 3.40 2.50 3.30 2.55 3.80 2.36 4.38 2.37

Flow rate L/min 7.02 9.25 5.95 7.20 5.30 7.61 7.36 9.42 9.49 9.87

Bathing (Bucket)
Number of baths taken per capita per day bt/p/d 0.95 0.97 0.94 0.95 0.91 0.96 0.95 0.98 0.94 0.99

Volume of water used in each bath L/bt 20.70 16.50 19.80 9.50 18.20 11.03 20.80 18.25 25.00 20.46

Hand wash basins

Number of times hand wash basins are used per capita per day brt/p/d 3.06 2.06 3.36 2.30 3.02 2.20 3.29 2.22 3.57 1.90

Duration of tap use sec/brt use 60.62 57.09 58.00 56.00 57.00 57.00 58.93 58.07 62.00 57.00

Flow rate L/min 2.63 2.65 2.51 2.51 2.47 2.53 2.64 2.64 2.68 2.69

Toilet flushing

Number of toilet flushes used per capita per day tf/p/d 3.11 2.52 3.13 3.00 3.07 2.84 3.04 2.51 3.23 1.80

Volume of water used per person in each toilet flush L/tf 4.80 4.51 4.30 4.15 4.25 4.25 4.80 4.60 5.20 5.00

Number of latrines used per capita per day lat/p/d 2.6 3.00 3.4 3.15 3.3 3.22 3.1 3.01 2.9 2.72

Volume used per person for each pit use L/lat/fl 1.8 1.80 1.7 1.80 1.8 1.95 1.9 1.81 2.1 2.01

Number of pour flush latrines used per capita per day pf/p/d 3.20 3.00 3.35 3.12 3.29 3.27 3.17 2.80 2.98 2.52

Volume used per person for each pour flush use L/pf/d 2.8 2.85 2.5 2.72 2.5 2.98 3.0 2.92 3.0 3.00

Dishwashing
(bowl)

Number of dish-washing per day dws/d 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

Volume of water used in each dishwashing vol/wsh 8.40 7.64 7.83 3.38 6.52 4.60 8.70 8.01 8.70 10.71

House cleaning
Number of house cleaning per day wsh/d 0.16 0.14 0.21 0.14 0.14 0.14 0.14 0.21 0.14 0.21

Total volume used per household per day L/p/d 8.96 6.60 16.80 6.09 7.84 6.40 7.84 6.85 3.92 6.89

Clothes washing
(hand)

Number of clothes-washing sessions wsh/d 0.25 0.28 0.29 0.28 0.29 0.28 0.29 0.21 0.14 0.21

Volume of water used per wash per day L/wsh/d 19.25 15.43 19.72 8.94 20.01 10.00 19.72 16.61 12.65 23.24

Vehicle washing
Number of vehicles washed per day wsh/d 2.00 2.00 1.43 1.41 1.43 1.43 1.71 1.71 4.00 2.00

Volume used per day L/wsh/d 11.53 10.25 9.8 8.70 9.6 9.04 10.9 9.78 12.0 11.12

Cooking Volume of water consumed in cooking L/p/d 10.83 14.15 9.79 11.16 9.57 11.14 10.87 13.60 15.22 17.80

Drinking Volume of water consumed for drinking L/p/d 4.38 3.78 4.9 3.48 4.3 3.56 4.3 3.85 4.6 3.94

Garden Volume of water consumed for garden L/p/d 0.0 9.18 0.0 7.14 0.0 7.50 0.0 9.15 0.0 11.00

Total water consumption L/p/d 120 89 109 64 106 70 125 92 132 111

Note: L/p/d = litre per person per day, L = litre, p = person, d = day, wsh = washes, min = minute, vol = volume, bt = bath, shw = shower, sec = second, brt = bathroom tap, tf = toilet flushing, lat = latrine,
pf = pour flush, fl = flush, dws = dishwash, No./d = number per day.
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The second largest water consumption was observed for bathing (bucket), i.e., 14%–
16%, on average, for the rainy and 14%–19%, on average, for the dry months. The compari-
son of rainy and dry surveys showed that the number of households consuming higher
than 23 L/p/d for bathing decreased from 52% in the rainy to 6% of households in the dry
season. This can be due to the seasonality of water during the rainy months compared to
the dry months. This is in accordance with the finding that developing countries generally
use a much lower volume of water for bathing (5 to 15 L/p/d) [38]. In agreement with
the rainy survey results for most of the other water end-uses, the analysis of dry season
water consumption shows a decrease in the volume for hand wash basin taps in the sur-
veyed households (Table 7). In terms of duration and flow rate of the use of hand wash
basin taps, there is a slight decrease between the rainy and dry season (Table 7) across
income groups. Then again, the number of uses decreases from 3.06 during the rainy
months to 2.06 bathroom tap uses per day during the dry months, suggesting the impact of
seasonality.

Table 7 shows no significant change in daily per capita water consumption for dish-
washing. The number of times dishes are washed remains the same across all income
groups, as dishwashing is done in a bowl of water and decreases slightly in the dry season.
The average amount of water used in each toilet use type decreased slightly between
both seasons. Consequently, the daily per capita water use for toilet flushing is slightly
different between the rainy and dry season for all toilet types during the surveys. More
households are using pit latrines in the dry season because of water scarcity. The number
of times clothes washing is done per day increased from 0.25 during the rainy season to
0.28 washes per day during the dry months. The explanation for this could be the dusty
weather. Approximately 46% of households tend to use more than 20 L/p/d for clothes
washing in the rainy season, while 3% increase their consumption to more than 40 L/p/d
in dry months.

The amount of water an average person would need to drink for a day is about
3 L/p/d, and it depends on the surrounding environment and weather conditions [38,65].
The estimate of the average per capita daily water consumption for the survey is given in
Table 7. However, as the study area falls within the tropical climate, the analysis shows
that the number of surveyed households which consume more than 3.5 L/p/d increases
from 73% in the rainy season to 100% households in dry season.

The volume of each house washing session decreases from 8.96 L/p/d in the rainy
season to 6.60 L/p/d during the dry season (Table 7). This may be due to physical and
economic scarcity as a result of the change in rainfall patterns during the dry season [66].
Water availability during the seasons has an impact on the per capita water end uses.

4.4. Limitations

First, the sample has a higher percentage of middle-income households compared to
the slum- and low-income households that does not reflect the general population of the
study area. Secondly, citing and referencing previous research studies relevant to the study
area are limited. Thirdly, the research was unable to assess each of the separate individual
volumes (namely: Piped water and all multiple household water sources) of water used
in the study area. These limitations would influence the overall average per capita water
consumption and, therefore, be unable to determine the actual average daily per capita
water provided by the Guma Valley service provider. Future studies should be designed to
take into consideration the volume of water accessible by households from each service
facility type. This would be necessary to increase water security and seasonal reliability.

5. Conclusions

This paper studied the determinants of per capita water consumption at the end-use
level in a low- and middle-income urban city, Freetown. The impact of household char-
acteristics (demographic, socio-economic and physical) on per capita water consumption
was investigated. The significant finding is that insufficient water supply is predominant
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in the city and very little or no research has been conducted to understand the factors
affecting water scarcity and what coping mechanisms have been employed by residents.
This research has been relevant to respond to the limited attention directed towards present
research by studying 398 households of varying income levels, to extract information on
household, water user habits and the intensity of indoor and outdoor water use activities.
Furthermore, 20 statistical models, based on stepwise regression analysis, were devel-
oped to estimate daily per capita water consumption based on household socio-economic
characteristics.

The results revealed that per capita water consumption in litres per day was positively
correlated with family income and the number of containers used by households for water
storage. However, it was significantly negatively affected by distance to water points
and the time spent to fetch water and return home. The study establishes that a seasonal
variation has a considerable impact on per capita water consumption. The average per
capita water consumption varied from 151 L/p/d in the rainy season to 105 L/p/d in the
dry season depending on the available multiple water sources to households. The study
further revealed that piped water was extremely insufficient to meet the daily per capita
water needs of the households.

Our findings indicate that the water service provider can barely serve its customers
adequately, and some parts of the city receive no service at all. Therefore, volumetric water
pricing is not an effective strategy to regulate per capita water consumption. However, it
has generated the need to develop a policy to install more serving water points at short
distances to reduce the long distance covered and queuing time.

The data sourced and analysed will serve as an input to the 3D Model Muse MOD-
FLOW code for groundwater pumpage and abstraction in the study area. Future studies
on domestic water consumption in the area should pay more attention to water usage
habits and the different volumes of water used from the multiple household water sources
by households.
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Appendix A

Table A1. Models and coefficient of determination (R2) using multiple linear regression method (STEPWISE).

Model
R2

Calibration Set Validation Set

All investigated households

Model based on demographic characteristics of the household
TWw = 169.90 − 10.97 × Ncw − 20.25 × NAFw − 12.34 × NAMw + 18.58 × E66−75w − 23.81 × E>76w

0.64 0.68

Model based on physical characteristics of the household
TWw = 169.52 − 1.60 × NROw − 14.28 × NHSw + 2.14 × Aw − 3.85 × NFLw

0.69 0.75

Model based on water-use characteristics of the household
TWw = 107.25 + 0.88 × SHw + 1.04 × FVw + 0.02 × TSw + 0.89 × DSw

0.65 0.70

Model based on all (demographic, physical and water use) characteristics of the household
TWw = 158.17 + 10.51 × Ncw + 8.65 × NAMw + 7.82 × NAFw + 17.82 × E66−75w + 13.92 × E>76ww − 2.53 ×

NROw − 9.36 × NHSw − 0.74 × Aw − 1.83 × NFLw + 0.52 × SHw + 1.65 × FVw − 4.56 × TSw − 8.44 × DSw

0.75 0.77

Informal settlement households

Model based on demographic characteristics of the household
TWS = 160.34 − 17.74 × Ncs − 19.51 × NAMS − 24.32 × NAFS − 22.18 × E66−75S − 24.47 × E>76S

0.84 0.82

Model based on physical characteristics of the household
TWS = 173.06 − 17.76 × NROs − 19.81 × NHSs − 0.74 × As − 15.50 × NFLs

0.80 0.89

Model based on water-use characteristics of the household
TWS = 172.26 + 0.52 × SHS + 4.47 × FVS − 0.94 × TSS + 0.62 × DSS

0.86 0.83

Model based on all (demographic, physical and water use) characteristics of the household
TWS = 136.89 + 10.12 × NCs + 8.76 × NAMs + 17.11 × NAFs − 13.71 × E66−75s + 20.148 × E>76ss + 17.87 ×

NROs + 13.09 × NHSs − 0.32 × As + 3.24 × NFLs − 0.87 × SHs + 6.80 × FVs + 0.52 x TSs − 0.16 × DSs

0.93 0.92

Low-income households

Model based on demographic characteristics of the household
TWl = 174.63 − 12.61 × NCl − 15.46 × NAMl − 23.14 × NAFl − 13.29 × E66−75l − 24.91 × E>76l

0.74 0.78

Model based on physical characteristics of the household
TWl = 154.96 − 0.58 × NROl − 14.49 × NHSl + 0.52 × Al − 3.17 × NFLl

0.82 0.88

Model based on water-use characteristics of the household
TWl = 110.90 + 1.70 × SHl + 3.69 × FVl − 0.73 × TSS − 1.96 × DSS

0.78 0.83

Model based on all (demographic, physical and water use) characteristics of the household
TWl = 143.17 + 28.07 × NCl + 19.57 × NAMl + 6.28 × NAFl − 10.75 × E66−75l + 21.72 × E>76ll + 11.78 ×

NROll + 23.03 × NHSl − 0.63 × Al + 13.50 × NFLl + 1.34 × SHl + 2.00 × FVl + 0.26 × TSl − 2.75 × DSl

0.86 0.92
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Table A1. Cont.

Model
R2

Calibration Set Validation Set

Middle-income households

Model based on demographic characteristics of the household
TWm = 176.00 − 9.69 × NCm − 17.36 × NAMm − 19.78 × NAFm − 17.83 × E66−75m − 20.72 × E>76m

0.74 0.76

Model based on physical characteristics of the household
TWm = 186.65 + 0.67 × NROm − 15.00 × NHSm − 0.54 × Am − 3.57 × NFLm

0.81 0.84

Model based on water-use characteristics of the household
TWm = 98.87 + 0.52 × SHm + 1.66 × FVm −×1.77 TSm + 0.72 × DSm

0.80 0.82

Model based on all (demographic, physical and water use) characteristics of the household
TWm = 141.57 − 3.43 × NCm − 4.59 × NAMm − 10.05 × NAFm − 5.32 × E66−75m − 16.73 E>76mm + 2.80 ×
NROm − 3.71 × NHSm − 0.69 × Am − 3.36 × NFLm + 1.56 × SHm + 1.92 × FVm − 0.21 × TSm − 2.61 × DSm

0.73 0.85

High-income households

Model based on demographic characteristics of the household
TWh = 163.4 − 8.09 × NCh − 16.42 × NAMh − 19.60 × NAFh − 19.61 × E66−75h − 4.83 × E>76h

0.84 0.81

Model based on physical characteristics of the household
TWh = 251.50 − 3.67 × NROh − 26.68 × NHSh + 0.78 × Ah − 5.64 × NFLh

0.83 0.87

Model based on water-use characteristics of the household
TWh = 113.72 + 0.95 × SHh + 1.99 × FVh − 0.87 × TSh − 6.38 × DSh

0.82 0.77

Model based on all (demographic, physical and water use) characteristics of the household
TWh = 270.81 − 28.97 × NCh − 24.71 × NAMh − 33.14 × NAFh − 56.93 E66−75h − 13.63 × E>76h − 3.9 ×
NROh ± 26.31 × NHSh − 0.14 × Ah − 15.46 × NFLh − 0.31 × SHh + 2.75 × FVh + 0.41 × TSh + 4.71 × DSh

0.90 0.95

Notes: * TW = daily per capita water consumption (L/p/d), A = total household floor area (m2), w = whole sample, NC = number of children in the household, NFL = number of floors in the household,
s = slum-income, household, NAF = number of adult females in the household, SH = shower volume (L), l = low-income households, NAM = number of adult males in the household, FV = flushing volume (L), m
= middle-income, E 66–75 = number of elders 66–75 years in the household, TS = time spent to fetch water (L), h = high-income households, E >76 = number of elders >76 years in the household, DS = distance to
water point (m), NRO = number of rooms in the household, NHS = number of occupants in the household, m = middle income household.
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Model based on all (demographic, physical and water use) characteristics of the household TW୦ = 270.81 − 28.97 × Nେ୦ − 24.71 × N୅୑୦ − 33.14 × N୅୊୦ − 56.93 E଺଺ି଻ହ୦ − 13.63 × Eவ଻଺୦ − 3.9.× Nୖ୓୦ ± 26.31 × Nୌୗ୦− 0.14 × A୦ − 15.46 × N୊୐୦ −  0.31 × Sୌ୦ + 2.75 × F୚୦ + 0.41 × Tୗ୦ + 4.71 × Dୗ୦  0.90 0.95 

Notes: * TW = daily per capita water consumption (L/p/d), A = total household floor area (m2), w = whole sample, NC = number of children in the household, NFL = number 
of floors in the household, s = slum-income , household, NAF = number of adult females in the household, SH = shower volume (L), l = low-income households, NAM = 
number of adult males in the household, FV = flushing volume (L), m = middle-income, E 66–75 = number of elders 66–75 years in the household, TS = time spent to fetch water 
(L), h = high-income households, E >76 = number of elders >76 years in the household, DS = distance to water point (m), NRO = number of rooms in the household, NHS = 
number of occupants in the household, m = middle income household. 
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Figure A1. Relationship between actual and predicted daily per capita water consumption using linear regression stepwise method.
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