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Abstract
Extracting and analyzing the water demand pattern of customers in water Keywords:

distribution networks can play an important role in appropriate planning for
providing water demand. However, the water consumption pattern depends on
various factors, and to understand the pattern more accurately, it is necessary to
analyze these factors. One of the factors affecting water consumption is
sociocultural issues, which can affect the volume and pattern of water
consumption. In the current study, the effect of various national and religious
occasions, as part of the sociocultural issues, on the water consumption pattern is
evaluated. In this regard, the holidays of Nowruz, Sizdah Beh Dar, Yalda Night,
Muharram decade, religious festivals of Qurban, Ghadir and Fitr are evaluated.
The effects of seasonal changes, the month of Ramadan and holidays are also
examined. To implement this, a dataset of water consumption records in a study
area in Tehran over a period of 9 years has been created. Then, based on these
data, consumption records on the occasions under study have been extracted.
Next, the water consumption pattern is evaluated and analyzed by statistical
analysis of the data. The results of the present study confirm the dependency of
water consumption on the type of occasion and cultural behavior of people, in
terms of volume and consumption pattern throughout the day. The results of the
conducted analyses show that water consumption in the month of Tir, as the most
consumed month of the year, is 33% higher than in the month of Farvardin and
30% higher than in the month of Dey. Also, the end of Esfand has a local peak
and reaches its lowest amount during the days of Nowruz. In addition, water
consumption on occasions such as Yalda Night or the first day of the year has
specific behaviors at certain times of the day, which confirms the need to pay
attention to these cases. The results of this study show that the water
consumption pattern depends on the occasions and their timing and has specific
behaviors throughout the day and at certain times of the day. Understanding this
dependency helps in the optimal management of water su(iz)ply and also increases
the accuracy of models developed to predict water demand.
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1. Introduction Table 1. Occasions studied in the present study
Water cons_umptipn is a function of various Occasion Date
parameters including weather, calendar, popular Nowruz Eid 29 Esfand to 4 Farvardin
culture, city location, type and number of covered Thirteenth of Farvardin 13 Farvardin
consumers, network size, amount of water loss Tasu'a and Ashura
from the network, demographic changes, etc. (Muharram decade) 110 10 Muharram
(Qalami et al.,, 2011; Falahi et al., 2012; Eid Qurban 10 Dhul-Hajjah
Asgharneghad and Davari, 2015; Mousavi and Eid Ghadir 18 Dhul-Hajjah
Kavoosi Kalashami, 2016). Water consumption Eid Fitr 1 and 2 Shawwal
also has a significant dependence on the Yalda Night 30 Azar and 1 Dey
psychological parameters of consumers and
personal habits (Shahangian et al., 2020). Table 2. Defined criteria for analyzing water

Various studies have been presented to consumption on the days under review
analyze and predict water consumption usin AT
different methods. The main meE[)hods useg Parameter Consur?egcrlptlon
- oo - . - - ption volume and
include data mining, machine learning, deep Daily consumption time distribution
learning (Fu et al., 2022; Sahoo et al., 2023), time volume Consumption volume
series analysis, neural networks (Ghiassi et al. . ) Time of occurrence and
2008), fuzzy (Zhang et al., 2023) and neuro-fuzzy Minimum night flow flow amount
models, as well as methods based on statistical . . Time of occurrence and
classifications of information (Zare-Darniani et Peak daily consumption flow amount
al., 2012; Mollaramezani and Tabesh, 2013; Slope of consumption Time of occurrence and
Ghalehkhondabi et al., 2017; Vijai and Bagavathi changes flow amount
Sivakumar, 2018).

In the current study, the daily water (Farvardin), is shown in Fig. 1, where the months
consumption volume and pattern of Tehran are of Tir and Mordad (July and August) have the
analyzed on different occasions and the necessary highest water consumption. In these two months,
analysis for different occasions is presented. To water consumption grew by 33% and 31%,
implement this, the flowmeter data recorded respectively, compared to Farvardin. On the other
every 15 minutes over 9 years at the entrance to hand, the lowest water consumption was observed
the study area has been compiled into a dataset. in the months of Favardin and Dey.

Then, the data rows related to each occasion in The dimensionless average and peak of daily
different years are extracted and analyzed using water consumption analysis indicate that during
statistical methods. Based on the analyses the holidays of the first 4 days of Nowruz and
performed, the volume and pattern of water also in the days before the second half of the
consumption are extracted and evaluated. holidays on Farvardin 12 and 13, water
consumption was significantly lower than the
2. Methodology other days of Farvardin.
To examine the volume and pattern of water Meanwhile, the water consumption pattern on
consumption on the occasions given in Table 1, the first day of Farvardin depends on the start
and based on the parameters introduced in Table ~ time of the new year. According to the calendar
2, the available data in the created dataset were  Pattern, the moment of the years delivery is
used, First, the average consumption behavior for ~ periodically in the early hours after midnight, the
the target days was prepared based on previous early morning hours, noon and evening hours,
data, and the data for the desired occasion were respectively. As shown in Fig. 2, water
compared with the expected average behavior for ~ consumption  exhibits a different pattern
that day. By comparing the resulting graphs, the depending on the moment of the new year
differences in the volume and pattern of water beginning. ) )
consumption were obtained. Finally, based on the Another impact of the Nowruz holiday is
analyses of the volume and pattern of water  related to shifting the MNF time towards the
consumption, appropriate conclusions were  hours later than the working days. The daily
presented for each occasion. consumption profile also varies in the special
days of new year holidays.
The analysis also indicates that the
3. Results and discussion consumption profile during special events like
The dimensionless average monthly water Yalda Night, which is the last night of autumn
consumption of the study for consumption data when people gather together to celebrate the
between 2015 and 2023, with respect to the winter solstice in the Persian culture, changes in
month with the lowest water consumption the events’ hours.
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Fig. 1. Dimensionless average (relative to the
month with the lowest consumption) of monthly
water consumption in the case study (part of
Tehran city: 2015 to 2023)
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Fig. 2. Dimensionless pattern of water
consumption on the day of the year according to
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Fig. 3. Water consumption patterns during Eid

al-Fitr compared to Ramadan, weekdays and

holidays

Water and Wastewater

Vol. 35, No. 5, 2025

The data evaluations also show that the
consumption pattern varies considerably during
special events like Tasu'a and Ashura in
Moharram and the Eid al-Adha and Ghadir
holidays, in comparison with the normal working
days.

The patterns of water consumption for the
days of the month of Ramadan, and the working
days of other months and holidays are shown in
Fig. 3. By comparing the pattern and amount of
water consumption during Ramadan compared to
Eid al-Fitr and other months’ days, it can be seen
that in Ramadan, during the hours of dawn and
iftar, as well as in the late hours of the night,
water consumption is higher than during Eid al-
Fitr and normal working days out of the month of
Ramadan. However, the amount of water
consumption during the hours before noon to
afternoon is lower in Ramadan than in all other
graphs.

4. Conclusions

According to the studies conducted, it can be seen
that most of occasions have nearly the same
pattern as the holidays have. The effect of the
number of holidays of occasions on the
consumption pattern can also be seen. This means
that occasions with a greater number of holidays
have a higher impact on the consumption pattern.
For example, Nowruz holidays and Eid al-Fitr
holidays have a major impact on consumption. It
is worth noting that in general, holidays reduce
water consumption relative to working days.

Therefore, the impact of different occasions
can be mainly divided into two groups in terms of
how they affect consumption patterns: general
shifts in the daily pattern and local effects at
certain times of the day. Due to the shifting of
religious occasions based on the Hijri calendar
throughout the year, the water consumption
pattern of these occasions is also affected by this
shifting and the resulting seasonal changes.

The results of the present study can be used to
present a comprehensive model of the consumers'
water consumption pattern and predict the
network behavior. Additionally, water companies
can use the results of the present study to plan
appropriately for specific days of the year and,
while supplying water to consumers, optimize the
performance of their systems.
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Table 2. Defined criteria for analyzing water
consumption on the days under review
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Table 1. Occasions studied in the present study

Date Occasion

Description Parameter

Consumption volume and Daily consumption volume
time distribution
consumption volume

Time of occurrence and flow Minimum night flow

amount

Time of occurrence and flow Peak daily consumption
amount

Time of occurrence and flow Slope of consumption
amount changes

29 Esfand to 4 Farvardin
13 Farvardin

1 to 10 Muharram

Nowruz Eid
Thirteenth of Farvardin
Tasu'a and Ashura (Muharram

decade)
10 Dhul-Hijjah Eid Qurban
18 Dhul-Hijjah Eid Ghadir
1 and 2 Shawwal Eid Fitr
30 Azar and 1 Diy Yalda Night

1.35 1

1.30 A

1.25

1.20 +

1.15 A

1.10 A

Normalized average

1.05 4

1.00

1 2 3 4 5 6 7 8 9 10 11 12
Month

Fig. 1. Dimensionless average (relative to the month
with the lowest consumption) of monthly water
consumption in a case study (part of Tehran city:
2015 to 2023)
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Fig. 2. Average normal daily water consumption
(part of Tehran city: 2015 to 2023) in the time periods of
late March and April
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Fig. 5. Dimensionless daily water consumption pattern
for the thirteenth day of April, including holidays and
working days
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Fig. 3. Dimensionless pattern of water consumption on
the day of the year according to the time of the
year in different parts of the day
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Fig. 4. Minimum night flow occurrence time in different
time periods of March and April (dimensionless
compared to the minimum value)
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Fig. 9. Water consumption patterns during Eid al-Fitr
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Fig. 8. Water consumption during the Eid al-Adha and
Ghadir holidays and its comparison with working
days and holidays
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