'.) Check for updates

PUBLISHING

© 2024 The Authors Water Supply Vol 24 No 10, 3540 doi: 10.2166/ws.2024.207

Investigating the influence of Australia Day and Christmas Day on water demand in the
Greater Sydney region

Safa Ghannam =a* and Farookh Hussain®

@school of Professional Practice and Leadership, Faculty of Engineering and Information Technology, University of Technology Sydney, Ultimo, NSW 2007,
Australia

b Faculty of Engineering and Information Technology, University of Technology Sydney, Ultimo, NSW 2007, Australia

*Corresponding author. E-mail: safa.ghannam@uts.edu.au

SG, 0000-0001-9626-0883

ABSTRACT

The objective of this research is to investigate whether particular occasions, such as Australia Day and Christmas Day, have a notable impact
on water demand in the Greater Sydney region. By examining water demand during these events, the study aims to enhance understanding
of water consumption patterns and contribute to the development of effective demand management strategies. Multivariate time series data
from several water plants in the Greater Sydney region were analyzed using three methods: correlation heatmaps, t-tests, and descriptive
statistics. The findings indicate that neither Australia Day nor Christmas Day has a significant impact on water demand at different water
plants in the Greater Sydney region. These results suggest that public holidays may not need to be a critical factor in short-term water
demand forecasting models for this area.
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HIGHLIGHTS

® To investigate the impact of holidays, specifically Australia Day and Christmas Day, on water demand in the Greater Sydney region.
® To analyze variations in water consumption patterns during these specific occasions compared to typical days.

® To assess the statistical significance of any observed differences in water demand.

® To enhance understanding of water demand trends during holidays.

® To contribute insights for developing effective water demand management strategies in the Greater Sydney region.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Licence (CC BY 4.0), which permits copying, adaptation and
redistribution, provided the original work is properly cited (http://creativecommons.org/licenses/by/4.0/).
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1. INTRODUCTION

It is necessary to provide assistance to a system that operates in real time, including water utilities, to ensure they have the
capability to meet water demand (Romano & Kapelan 2014). This study uses several methods, namely correlation heatmaps,
t-tests, and descriptive statistics, to study the impact of Australia Day and Christmas Day on water demand in the Greater
Sydney region. The descriptive statistics adopt both quantitative and visual approaches. We use a quantitative approach
and comparative analysis to examine whether there are any variations in water consumption on these occasions. Addition-
ally, we employ data visualization to investigate significant changes in water consumption patterns on public holidays. A
correlation heatmap is utilized to analyze the correlation between water consumption and specific events, providing a com-
prehensive understanding of the relationship between water demand and these holidays.

Many researchers in the field of water demand forecasting have emphasized the critical importance of input selection for
models, noting its significant impact on their performance. Choosing the right inputs is crucial for enhancing the accuracy
and effectiveness of prediction processes. Zhou et al. (2000) developed a time series model for Melbourne, integrating sea-
sonal, climatic, and autocorrelation factors, demonstrating robust predictive performance despite overestimation during
public holidays.

This research is part of a broader collaboration with Sydney Water aimed at ensuring adequate water supply for specific
suburbs. Building on previous work (Ghannam & Hussain 2023), our current research explores the influence of holidays
such as Australia Day and Christmas Day on water demand. Beal & Stewart (2014) analyzed peak water demand patterns
in South East Queensland, noting climate impacts and holiday effects.

Previous studies have shown that seasonal variations often have a more significant impact on water usage patterns than
holidays. Guo et al. (2024) conducted an extensive analysis in Shanghai. The authors showed minimal holiday effects on
water usage patterns compared to pronounced seasonal variations. Winter and spring patterns were consistent, whereas
there were notable shifts in summer patterns during evening peaks, influenced by agricultural needs and high temperatures.
Furthermore, Myka-Raduj et al. (2023) examined water consumption dynamics in a household setting over a year, highlight-
ing significant variations during holidays and seasonal periods. Kavya et al. (2023) carried out a correlation heatmap analysis
of the parameters influencing water consumption in Hubli city. The authors found that temperature and hour of the day have
the maximum impact, showing a positive correlation with water consumption. However, holidays were found to have a Pear-
son correlation coefficient of 0.016 with water consumption.

Capt et al. (2021) developed an urban water demand model for El Paso, Texas, incorporating a specific factor related to
holidays that affect urban water demand. The model considered long-term trends, seasonal variations, and daily
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meteorological conditions, showing high accuracy with an R? of 0.95 and a Nash-Sutcliffe efficiency of 0.94 during validation
(2011-2015). The study revealed that holidays significantly impact water demand, emphasizing the need to integrate these
cultural factors into water demand models for more reliable and systematic predictions. In addition to cultural factors
such as holidays, weather conditions also play a pivotal role in influencing water demand dynamics. Cole & Stewart
(2013) found that in Hervey Bay, Queensland, Australia, despite higher summer rainfall, temperature emerges as the predo-
minant driver of seasonal peaks in outdoor water consumption in non-drought conditions typical of subtropical climates. This
finding underscores the importance of incorporating weather variability into water management strategies to better under-
stand and address residential water usage patterns.

Our study aims to provide a comprehensive understanding of water consumption dynamics and contribute to the develop-
ment of tailored demand management strategies for the Greater Sydney region. The rest of this research is structured as
follows: Section 2 reviews previous related studies in the literature. Section 3 describes the data used in this study and the
studied area. Section 4 gives an overview of the approaches employed to investigate how Australia Day and Christmas
Day affect water demand. Section 5 presents the findings and discussion. Lastly, Section 6 provides the conclusion and rec-
ommendations for future work.

2. RELATED WORK

The primary goal of this section is to explore previous research in the field that examines the methods used to identify the
factors that affect the modeling of water demand to examine the effect between the demand for water in the Greater
Sydney area and specific occasions, specifically Australia Day and Christmas Day.

A t-test is a statistical test used to compare the means of two groups of data. The #-test is utilized in certain studies to both
select inputs (Quilty et al. 2016) and identify the factors that impact water consumption (Makki ef al. 2015). A t-test produces
a t-value and a p-value as its output. When the p-value is below the significance level (usually 0.05), this indicates a statistically
significant difference between the means of the two groups, and we can reject the null hypothesis of no difference between the
means (Field 2013). In this research, a t-test can be used to compare the mean water demand on Australia Day or Christmas
Day to the mean water demand on other days of the month in multiple years. The test can help determine if there is a sig-
nificant difference in water demand on these holidays, which may be useful for planning and managing water resources.
The results of the test indicate either ‘significant’ or ‘not significant’, depending on whether the p-value of the test is less
than 0.05 or not. Additionally, some studies utilize basic statistical tools to investigate the correlation between water con-
sumption and various factors, including weather conditions and temporal features (Domene & Sauri 2006). One of the
common methods for examining and comprehending a dataset is the utilization of descriptive statistics (Domene & Sauri
2006). Several other investigations evaluate the connection between diverse influencing factors and water demand by gauging
the intensity of the correlation (Hussien ef al. 2016; Zubaidi et al. 2018).

The use of the Pearson correlation allows for a robust analysis of the strength of the relationship between water demand
and explanatory variables, providing a clear picture of the data (Hussien et al. 2016; Zubaidi et al. 2018). The addition of
Christmas Day to the analysis provides a broader understanding of the impact of public holidays on water consumption,
allowing for a more complete evaluation of the data.

3. STUDIED AREA AND THE DATA USED IN THIS RESEARCH

The project begins by obtaining the historical daily data on water consumption for various suburbs in the Greater Sydney
region from Sydney Water. The relevant meteorological variables are sourced from the Australian Bureau of Statistics web-
site, which is located at http://www.bom.gov.au/climate/data-services/station-data.shtml. The information that will undergo
examination was obtained from four water plants located in the Greater Sydney region, specifically Richmond, Warragamba,
Mobbs Hill, and Liverpool. The data spans from January 2010 to April 2022 and includes various factors such as maximum
and minimum temperatures (measured in °C), the quantity of rainfall (in mm), daily global solar exposure (in MJ/m?), and the
average daily water consumption (m*3/capita.day).

3.1. Applying data preprocessing techniques

To ensure accurate results, it is important to clean and standardize data using data preprocessing techniques before conduct-
ing further analysis. Common approaches in the machine learning literature include removing duplicates, inaccuracies,
outliers, noise, and missing data, as well as imputing, flattening, and normalizing the data. These techniques maintain data
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integrity and reduce the impact of noise (Zubaidi et al. 2018; Coelho & Andrade-Campos 2019). To simplify matters, the
column name is altered in this investigation. Any gaps in the data will be filled using linear interpolation. To detect and elim-
inate anomalies, the interquartile range (IQR) visualization method is applied to each dataset by employing the technique of
finding and eliminating outliers. Previous studies (Vijai & Sivakumar 2018; Zubaidi et al. 2018; Coelho & Andrade-Campos
2019) have described this technique, which involves using box and whisker plots. #-Tests, descriptive analysis, and the heat-
map correlation method using the Pearson correlation will be applied on the same pre-processed dataset. However, to
conduct the heatmap analysis, two additional columns were added to the dataset: ‘Australia Day’ and ‘Christmas Day’.
These columns were filled with values of 0 and 1. A value of 0 indicates that the date is not Australia Day (which falls on
January 26 each year), while a value of 1 indicates that it is Australia Day. The same technique was used to fill the ‘Christmas
Day’ column, with a value of 1 indicating that the date is December 25.

4. OVERVIEW OF THE METHODS AND THE APPROACHES

In this work, various methods are utilized to investigate the effects of Australia Day and Christmas Day water demand in the
Greater Sydney region, using data obtained from four water plants, namely Richmond, Warragamba, Mobbs Hill, and Liver-
pool. These methods include #-tests, descriptive statistics, and correlation heatmaps. The descriptive statistics approach uses
both quantitative and visual methods to examine the data, summarizing statistical measures such as mean, median, maxi-
mum, minimum, and standard deviation. We conduct a comparative analysis to examine whether there are any variations
in water consumption on Australia Day compared to other days in January. Additionally, we use data visualization to plot
the time series of water consumption in January over 12 years. Similar to the analysis for Australia Day, we conduct a com-
parative analysis to investigate if there are any changes in water consumption on Christmas Day compared to other days in
December to identify any significant changes in consumption that occur on these two holidays. The Pearson correlation heat-
map is used to analyze the relationship between water consumption and these two holidays using data from the four water
plants, providing a thorough analysis of the correlation between water demand and these events. This approach will provide
valuable insights into the impact of these holidays on water consumption in different locations in the Greater Sydney region.
By using the Pearson correlation, the strength of the relationship between these variables can be robustly analyzed, resulting
in a clear understanding of the water consumption in the Greater Sydney region. The addition of Christmas Day to the analy-
sis provides a broader understanding of the impact of public holidays on water consumption, allowing for a more complete
evaluation of the data. Overall, these heatmaps serve as a useful tool for investigating the relationship between water con-
sumption and two public holidays using data from four water plants across the Greater Sydney region. Additionally, in
this work, a ftest is used to compare the mean water demand on Australia Day and Christmas Day to the mean water
demand on other days of the month in multiple years. The t-test can help determine if there is a significant difference in
water demand on these holidays, which may be useful for planning and managing water resources. The water demand
data are extracted for January 26 and December 25 and for the rest of January and the rest of December, for each year in
the dataset. A two-sample #-test is then performed for each year using a #-test function from scipy.stats. The test compares
the mean of the water demand on January 26 to the mean of the water demand for the rest of January for that year and a
similar approach is used for December. The results of the test are either classified as ‘significant’ or ‘not significant’, depending
on whether the p-value of the test is less than 0.05 or not.

5. RESULTS OF THE EVENT ANALYSIS AND DISCUSSION

In this section, we present and thoroughly analyze the results obtained by applying various methods to study the relationship
between water consumption and Australia Day and Christmas Day.

5.1. The influence of Australia Day and Christmas Day on water demand using descriptive analysis

In this section, we present the findings of our quantitative analysis which explores potential variations in water consumption
on Christmas Day and Australia Day, in contrast to other days in December and January, respectively. Additionally, we
employ data visualization methods to plot the time series of water consumption for December and January for the given data-
sets, covering both Christmas Day and Australia Day, to detect any significant fluctuations in water consumption on these two
holidays.
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5.1.1. Australia Day

Here we present the results after conducting the descriptive analysis on the datasets from the four water plants in the Greater
Sydney region to investigate if Australia Day water consumption differs from the other days in January for the years from 2010
to 2022. The data were filtered to include only January from 2010 to 2022 and then the data were split into two groups: Aus-
tralia Day and the rest of January. Then, we calculated the descriptive statistics (mean, standard deviation, minimum,
maximum, etc.) for each group to offer further insights into the disparities in water demand between holiday and non-holiday
periods, particularly the Australia Day holiday.

The data provided in Figure S1 (Supplementary Material) show that the mean water demand for Australia Day from 2010
to 2022 is 18.37, with a standard deviation of 3.66. The minimum water demand for Australia Day during this time period is
13.1, and the maximum is 22.7. The 25th percentile is 15.5, the 50th percentile is 17.7, and the 75th percentile is 22.7. In
contrast, the mean water demand for the rest of January from 2010 to 2022 is 18.1, with a standard deviation of 3.6. The mini-
mum water demand during this time period is 10, and the maximum is 24 which is slightly higher than on Australia Day. The
25th percentile is 14.9, the 50th percentile is 18.4, and the 75th percentile is 21.5. Overall, the mean water demand for Aus-
tralia Day is slightly higher than the mean water demand for the rest of January, but the difference is relatively small. These
data from the Richmond Water Plant provide some evidence that Australia Day may have little impact on water demand, but
we cannot definitively conclude this based on the statistics alone. Further analysis, such as hypothesis testing, is necessary to
determine the extent and significance of this impact on water demand before drawing any final conclusions. It is also impor-
tant to note that other factors such as weather patterns may influence water demand during this time period, and these factors
need to be accounted for in any analysis. One type of plot that may be useful to investigate the influence of Australia Day on
water demand is a box plot. A box plot can show the distribution of water consumption on Australia Day compared to the rest
of January, for each year. Figure 1 displays a box plot that represents the daily water consumption for the month of January
and Australia Day from 2010 to 2022, the lower and upper boundaries calculated using the mean minus two times the stan-
dard deviation formula.

From the box plot, it is evident that there is noticeable variability in daily water consumption across different years. The
median water consumption (indicated by the orange lines within the boxes) shows the fluctuations over the years, reflecting
changes in water use patterns. The IQR varies year by year, indicating differing levels of variability in daily water consump-
tion. When comparing water consumption on Australia Day to the rest of January, the data do not show a consistent pattern

Box plot of daily water consumption in January
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Figure 1 | The box plot for daily water consumption for the month of January and Australia Day from 2010 to 2022 - Richmond Water Plant.
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of higher or lower consumption on Australia Day. In some years (e.g., 2010 and 2015), the median consumption on Australia
Day appears close to the median for the rest of January, suggesting no significant difference. In other years (e.g., 2011, 2013,
and 2014), slight differences are observed, but they are not consistently higher or lower.

Figures 2 and 3 show the daily water consumption for the month of January from 2010 to 2022. In this plot, Australia Day is
marked with a red dot, while the rest of January is represented by the other data points.

A detailed analysis based on the daily water consumption trends, with a specific focus on the year 2022 as an example,
follows. The plot for the year 2022 shows significant variability in daily water consumption throughout January 2022.
Early January has relatively higher water consumption values, followed by a noticeable dip around the middle of the
month. On Australia Day (marked by the red dot), there is no significant deviation in water consumption compared to the
general trend observed for the rest of January. The water consumption on Australia Day is slightly above the preceding
days but does not stand out as an outlier nor is there a significant spike. The daily fluctuations in water consumption are evi-
dent, with several peaks and troughs throughout the month. This variability suggests that other factors, such as weather
conditions or specific events, might influence daily water consumption more than the holiday itself. The lack of a pronounced
increase or decrease in water consumption on Australia Day compared to other days in January indicates that the holiday
might not have a substantial impact on water demand. Similar patterns are observed across other years from 2010 to
2022. While there are annual variations in water consumption trends, the data generally do not show a significant, consistent
increase on Australia Day compared to other January days. In some years, Australia Day consumption is slightly higher or
lower, but these variations are within the normal range of daily fluctuations for the month.

The data presented in Figures 2 and 3 suggest that Australia Day does not significantly alter water demand patterns. While
there are daily fluctuations in water consumption, these appear to be driven by factors other than the holiday itself. Further
research and analysis such as a t-test and a correlation heatmap may be necessary to gain a more comprehensive understand-
ing of the factors influencing daily water consumption.

The descriptive statistics for Australia Day and the rest of January, based on data from the Warragamba Water Plant for the
period from 2010 to 2022, are presented in Figure S2 (Supplementary Material). The data indicate a slight increase in water
demand on Australia Day compared to the rest of January. The mean water consumption on Australia Day is 3.61, which is
slightly higher than the mean consumption for the rest of January (3.42). However, the maximum water consumption on Aus-
tralia Day (4.94) is slightly lower than the maximum consumption for the rest of January (5.10). Moreover, it should be noted
that the disparity between the means may not be statistically significant. Furthermore, the fact that the number of observations
for Australia Day is much lower than the number of observations for the rest of January (13 compared to 390) suggests that
the findings may not be entirely representative. It might be necessary to conduct further investigation and analysis to obtain a

Daily Water Consumption in Richmond for January 2022
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Figure 2 | Daily water consumption for the month of January 2022 — Richmond Water Plant.
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Figure 3 | Daily water consumption for January 2010 to 2021 - Richmond Water Plant.
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Box plot of daily water consumption in January
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Figure 4 | The box plot for the daily water consumption for the month of January and Australia Day from 2010 to 2022 — Warragamba Water
Plant.

more precise understanding of the significance of the variation. All in all, these descriptive statistics offer some preliminary
understanding of the water consumption trends on Australia Day compared to the rest of January.

Figure 4 displays a box plot representing the daily water consumption for the month of January and Australia Day from
2010 to 2022 using data from the Warragamba Water Plant.

From Figure 4, it appears that water consumption on Australia Day does not significantly differ from the rest of January.
Following is a detailed interpretation of the conclusion based on the plot:

* Median comparison: The median water consumption on Australia Day is similar to the median for the other days of Jan-
uary. There is no noticeable spike or drop in the median value for Australia Day, indicating that the central tendency of
water consumption remains consistent.

* IQR: The IQR for Australia Day is comparable to those for the other days. This suggests that the variability in water con-

sumption is not significantly different on Australia Day compared to the rest of the month.

Visual inspection: Visually, the box for Australia Day blends with the rest of the boxes, reinforcing the conclusion that water

consumption patterns are stable and not notably affected by the holiday.

Figures 5 and 6 show the daily water consumption for the month of January from 2010 to 2022 using data from the War-
ragamba Water Plant. In this plot, Australia Day is marked with a red dot, while the rest of January is represented by the
remaining data points.

Daily Water Consumption in Warragamba for January 2022
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Figure 5 | Daily water consumption for the month of January 2022 -Warragamba Water Plant.

Downloaded from http://iwaponline.com/ws/article-pdf/24/10/3540/1501456/ws2024207 .pdf

bv auest



nty i Consamitn i o)

3

Cnty e Comsmngtm ' a0 sy

[ R -

e

oty W Comparmgtn i ot or)

s P i
% g |

d
3

Oty Water Conbiampeion I WaTSgwea 1o 3ty 2910

FRSSusATIARRN B IR TIDRRIANARTRA R R A

Dty Wtes Conpiamytoon o aITagams for amary 2011

s

FAactoasadasbl 0B ULNDIDRADD WA RFEDEEA

Dy water Conumption m Warragamasa for amsary 3814

Fa s e seavae Bl IO WNANDSBDRASA NARTEDERA

RE S AR AVABRNUDNDRUSIBDRABARNRRT AN D RS

TR SN ARRTAREE VD AN N VSN R AT A RART AP ERG

Dty Wt Contimption i Warragamba 1ol ey 3030

Fd SO NS&PaS BN U0 WENVSBEASH WA RSSBBAEA

Downloaded from http://iwaponline.com/ws/article-pdf/24/10/3540/1501456/ws2024207 .pdf

bv auest

Ondy Water Cotamition s ot day)

%

Onty Wt o st o' nots Byl

.

G Wt Comsmgton 't a4 by}

¥ 5 B 3 8 8 ¥ 5

Oty Witer o st ot B071

7

Onry Water Comarmetion on°2 nots oy

Water Supply Vol 24 No 10, 3548

TR M URXRTABWNBE DN USRYIDIADANART RN R RS

Oy Water Comumption in warmagama for famsry 3913

T4 86 UAROGeBN DL NDNDBD BAAD NS XD EDEE A

Dady Wathr Contumgtion m Warrkgamba f jasuary 7015

RAS %S RIBSNAU NN UUNDNADDNBAD AR R RA

PR CeAREUARBN UBABRD SR RAADNBARNAPER A

S SO WREO @S BN UDAB AN EDEAEANA R AR EE S

Dy Wates Comiumption in iarrag b Yol armasey 2031

IR R R R R R R R R R E R R R )

Figure 6 | Daily water consumption for January from 2010 to 2021 — Warragamba Water Plant.



Water Supply Vol 24 No 10, 3549

Based on the data presented in Figures 5 and 6, it seems that Australia Day has no effect on water demand at the Warra-
gamba Water Plant. The plot does not show any noticeable difference in water demand on Australia Day when compared to
the other days in January. However, to obtain a more complete understanding of the relationship between Australia Day and
water demand, further research is necessary. Overall, the presented data suggest that Australia Day does not have a significant
impact on water demand at the Warragamba Water Plant.

According to the data provided in Figure S3 (Supplementary Material), which presents the descriptive statistics for Austra-
lia Day and the rest of January at the Mobbs Hill Water Plant for the period from 2010 to 2022, it seems that water
consumption on Australia Day may have slightly increased. The average water consumption on this day is 31.70, which is
a bit higher than the average for the rest of January, which is 31.26. However, the disparity between the means is not very
large, so it might not be statistically significant. Moreover, the sample size for Australia Day is much smaller than that of
the rest of January, with only 13 data points as opposed to 390 data points. This could affect the accuracy of the results,
and it should be considered when interpreting the findings. In summary, while Australia Day could potentially impact
water consumption, more research and statistical analysis is needed to confirm this.

Figure 7 displays a box plot representing the daily water consumption for the month of January and Australia Day from
2010 to 2022 at the Mobbs Hill Water Plant.

The box plot in Figure 7 shows that daily water consumption varies significantly across different years. The median water
consumption, shown by the orange lines within the boxes, fluctuates annually, indicating changes in water consumption pat-
terns. The IQR also varies each year, reflecting differing levels of variability in daily water consumption.

When comparing water consumption on Australia Day to the rest of January, the data from the Mobbs Hill Water Plant do
not exhibit a consistent pattern of higher or lower consumption on Australia Day. In some years (e.g., 2013), the median con-
sumption on Australia Day is very close to the median for the rest of January, suggesting no significant difference. In other
years (e.g., 2016, 2018, 2019, and 2022), slight differences are observed, but they are not consistently higher or lower.

Figures 8 and 9 show the daily water consumption for the month of January from 2010 to 2022 at the Mobbs Hill Water
Plant. In this plot, Australia Day is marked with a red dot, while the rest of January is represented by the remaining data
points.

Based on the results from Figures 8 and 9, Australia Day has no discernible impact on water demand at the Mobbs Hill
Water Plant. The plot indicates that water demand on Australia Day is not noticeably different from that of other days in
January.

Box plot of daily water consumption in January
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Figure 7 | The box plot for daily water consumption for the month of January and Australia Day from 2010 to 2022 — Mobbs Hill Water Plant.
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Daily Water Consumption in Mobbs Hill for January 2022
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Figure 8 | Daily water consumption for the month of January 2022 — Mobbs Hill Water Plant.

Figure S4 (Supplementary Material) shows the descriptive statistics for Australia Day and the rest of January, based on data
from the Liverpool Water Plant for the period from 2010 to 2022. These statistics indicate that the mean water consumption
on Australia Day (64.70 units) is very close to that of the rest of January (64.72 units). The standard deviations (Australia Day:
8.18 units, rest of January: 8.26 units) suggest comparable variability in water consumption between the two periods. The
range of consumption values (from minimum to maximum) is slightly narrower on Australia Day (50-78 units) compared
to the rest of January (46-79 units), but this difference is not significant. Overall, these findings suggest that Australia Day
does not have a substantial impact on water consumption patterns at the Liverpool Water Plant. Figure 10 displays a box
plot representing the daily water consumption for the month of January and Australia Day from 2010 to 2022 based on
data from the Liverpool Water Plant.

As shown in the box plot in Figure 10, when analyzing water consumption on Australia Day compared to the rest of Jan-
uary, data from the Liverpool Water Plant spanning 2010-2022 does not indicate consistently higher or lower consumption
patterns on Australia Day.

Figures 11 and 12 show the daily water consumption for the month of January from 2010 to 2022 based on data from the
Liverpool Water Plant. In this plot, Australia Day is marked with a red dot, while the rest of January is represented by the
other data points.

The visualization plots in Figures 11 and 12 suggest that Australia Day has no clear influence on water demand at the Liver-
pool Water Plant, as there is no noticeable difference in water demand between Australia Day and other days in January.
However, for a comprehensive understanding of the relationship between Australia Day and water demand, further investi-
gation using statistical tests such as the t-test and correlation heatmap may be necessary. Therefore, based on the available
data, it appears that Australia Day does not have a significant impact on water demand at the Liverpool Water Plant.

5.1.2. Christmas Day

This subsection presents the outcomes of the descriptive analysis of the datasets from four water plants in the Greater Sydney
region. The aim of this analysis is to investigate whether there is a difference in water consumption on Christmas Day com-
pared to the other days in December for the years 2010-2021. To do this, we filtered the data to include only December from
2010 to 2021, and then divided it into two groups: Christmas Day and the remaining days in December. Descriptive statistics
such as mean, standard deviation, minimum, and maximum were calculated and presented for each group. This was done to
provide further insights into any differences in water demand between holiday and non-holiday periods, particularly on
Christmas Day. Figure S5 (Supplementary Material) provides the descriptive statistics for Christmas Day and the rest of
December, based on data from the Richmond Water Plant from 2010 to 2021. The statistics suggest that Christmas Day
may have only a minimal impact on water demand at the Richmond Water Plant; however, further analysis is needed to con-
firm this. Hypothesis testing would be necessary to determine the significance of this impact on water demand before drawing
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Figure 9 | Daily water consumption for the month of January 2010 to 2021 — Mobbs Hill Water Plant.
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Box plot of daily water consumption in January
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Figure 10 | The box plot for the daily water consumption for the month of January and Australia Day from 2010 to 2022 - Liverpool Water
Plant.
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Figure 11 | Daily water consumption for the month of January 2022 - Liverpool Water Plant.

any definitive conclusions. A box plot can show the distribution of water consumption for each year on Christmas Day com-
pared to the rest of December.

Figure 13 depicts a box plot which illustrates the daily water consumption for December and Christmas Day from 2010 to
2021, with lower and upper boundaries calculated using the mean minus two times the standard deviation formula.

Figure 14 shows the daily water consumption for the month of December from 2010 to 2021. In this plot, Christmas Day is
marked with a red dot, while the rest of December is represented by the remaining data points.
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Figure 12 | Daily water consumption for the month of January 2010 to 2021 - Liverpool Water Plant.
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Box plot of daily water consumption in December
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Figure 13 | The box plot for daily water consumption for the month of December and Christmas Day from 2010 to 2021 — Richmond Water
Plant.

Based on the visualization plot in Figure 14, it seems that Christmas Day has no impact on water demand at the Richmond
Water Plant. There is no noticeable difference in water demand on Christmas Day compared to the rest of December. How-
ever, to gain a more complete understanding of the situation, additional research and analysis, such as a t-test and correlation
heatmap, may be required.

Figure S6 (Supplementary Material) shows the descriptive statistics for Christmas Day and the rest of December, based on
data from the Warragamba Water Plant for the period from 2010 to 2021. In conclusion, the study examined the influence of
Christmas Day on water demand compared to the rest of December from 2010 to 2021. The statistics in Figure S6 (Sup-
plementary Material) shows that the mean water demand on Christmas Day is slightly lower than the mean water
demand for the rest of December. Additionally, the standard deviation of water demand for the rest of December (0.98) is
much higher than that for Christmas Day (0.62). This indicates that water demand on Christmas Day is more consistent com-
pared to the rest of December. Figure 15 depicts a box plot that illustrates the daily water consumption for December and
Christmas Day from 2010 to 2021, with lower and upper boundaries calculated using the mean minus two times the standard
deviation formula.

Figure 16 shows the daily water consumption for the month of December from 2010 to 2021 at the Warragamba Water
Plant. In this plot, Christmas Day is marked with a red dot, while the rest of December is represented by the remaining
data points.

Based on the visualization plot in Figure 16, it seems that Christmas has no impact on water demand at the Warragamba
Water Plant. There is no noticeable difference in water demand on Christmas Day compared to the rest of December.

Referring to Figure S7 (Supplementary Material), the statistics show that the mean water consumption was slightly lower
on Christmas Day compared to the rest of December, based on data from the Mobbs Hill Water Plant for the period from
2010 to 2021. Therefore, based on the results, it can be concluded that Christmas Day does not have a significant impact
on water demand. Future studies can explore other factors that may affect water demand during the holiday season, such
as temperature and population density.

Figure 17 depicts a box plot that illustrates the daily water consumption for December and Christmas Day from 2010 to
2021.
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Figure 14 | Daily water consumption for December 2010 to 2021 — Richmond Water Plant.
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Figure 15 | The box plot for daily water consumption for the month of December and Christmas Day from 2010 to 2021 — Warragamba Water
Plant.

Figure 18 shows the daily water consumption for the month of December from 2010 to 2021 based on data from the Mobbs Hill
Water Plant. In this plot, Christmas Day is marked with a red dot, while the rest of December is represented by the other data points.

From the visualization plot in Figure 18, it appears that Christmas Day has no discernible impact on water demand at the
Mobbs Hill Water Plant. The water demand on Christmas Day is similar to that of the rest of December. Nevertheless, a com-
prehensive investigation of the situation may necessitate further research and analysis.

Referring to Figure S8 (Supplementary Material), the descriptive statistics compare the water demand on Christmas Day to
that of the rest of December from 2010 to 2021 at the Liverpool Water Plant. The results indicate that the mean water demand
on Christmas Day is slightly higher than the rest of December. However, the difference in means is not statistically significant
enough to conclude that Christmas Day has a significant impact on water demand. The descriptive statistics show variability
in water demand, but no clear pattern or trend emerges. Therefore, the study suggests that Christmas Day may not signifi-
cantly influence water demand compared to the rest of December. Figure 19 depicts a box plot that illustrates the daily
water consumption for December and Christmas Day from 2010 to 2021.

Figure 20 shows the daily water consumption for the month of December from 2010 to 2021 using data from the Liverpool
Water Plant. In this plot, Christmas Day is marked with a red dot, while the rest of December is represented by the remaining
data points.

Based on the results from Figure 19 and the visualization plot in Figure 20, water demand at the Liverpool Water Plant
shows consistency on Christmas Day, with no observable effect on water consumption when compared to the rest of Decem-
ber. These findings indicate that Christmas Day does not significantly impact water demand patterns at the Liverpool Water
Plant during this period.

5.2. The influence of Australia Day and Christmas Day on water demand using t-test inferential statistics
To explore the impact of Australia Day and Christmas Day on water demand in the region, ¢-tests were performed on water
consumption data. The #tests compared the mean water demand on Christmas Day and Australia Day with the mean water
demand on other days for the months of December and January, respectively, using the provided dataset.

Parameter values:

* t-Value: The t-value calculated from each #-test.
* p-Value: The p-value calculated from each #test.
* Significance level: The significance level was set at 0.05.
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Figure 16 | Daily water consumption for December 2010 to 2021 — Warragamba Water Plant.
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Figure 17 | The box plot for the daily water consumption for the month of December and Christmas Day from 2010 to 2021 — Mobbs Hill
Water Plant.

Testing process description:

1. Data collection and preparation: Water demand data for each water plant were collected and stored in a structured format
using a pandas DataFrame. The date column was converted to datetime format to facilitate temporal analysis.

2. Data segmentation: For each year in the study period, data for Christmas Day and the remaining days of December, as well
as for Australia Day and the rest of January, were extracted separately for each water plant.

3. Statistical analysis: Utilizing the stats.ttest_ind function from scipy.stats, independent two-sample t-tests were conducted for
each year to compare:

- the mean water demand on Christmas Day against the mean demand for the rest of December at each water plant.
- the mean water demand on Australia Day against the mean demand for the rest of January at each water plant.
Interpretation criteria
The results were interpreted based on the calculated p-values: If the p-value was less than 0.05, it was concluded that there
was a statistically significant difference in water demand between the respective holiday and the rest of the month. If the p-
value was greater than or equal to 0.05, it was concluded that there was no statistically significant difference in water demand
between the respective holiday and the rest of the month.

5.2.1. Christmas Day

Statistical analysis using f-tests was performed on water demand data for December 25 and the remaining days of December
for each year across the Richmond, Warragamba, Mobbs Hill, and Liverpool Water Plants. Based on the #-test results from
2010 to 2022, it can be concluded that there is no significant difference in water demand on December 25 compared to the
rest of December. This suggests that water demand on December 25 does not exhibit a consistent pattern of being significantly
higher or lower than the rest of December; observed differences are likely due to random variation rather than a systematic
trend. These findings are valuable for water management and planning, indicating that no special measures are necessary to
accommodate water demand specifically on December 25.

5.2.2. Australia Day

A statistical analysis using the #-test was conducted on water demand data for January 26 and the remaining days of January
for each year across the four water plants. The results indicate that there is no significant difference in water demand on
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Figure 18 | Daily water consumption for December 2010 to 2021 — Mobbs Hill Water Plant.
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Figure 19 | The box plot for daily water consumption for the month of December and Christmas Day from 2010 to 2021 - Liverpool Water
Plant.

January 26 compared to the rest of January from 2010 to 2022 across the four water plants. This finding suggests that water
demand at these facilities on January 26 is not influenced by Australia Day or any specific factors that differ from the rest of
January. These findings are valuable for water management and planning, as they suggest that no special measures are necess-
ary to accommodate water demand, specifically on January 26.

The following subsection discusses the creation of a correlation heatmap to examine the relationships between water
demand, Australia Day, Christmas Day, and other relevant factors such as weather variables.

5.3. The influence of Australia Day and Christmas Day on water demand using a Pearson correlation heatmap

Data visualization is a method of conveying information in a clear and effective manner. Humans have an innate instinct to
interpret visual images, so presenting a visually appealing map that illustrates the connection between water consumption
and certain events and other factors can facilitate the examination of their impact. Figures 21-24 present heatmaps that uti-
lize the Pearson correlation to analyze the level of correlation between water consumption, Australia Day, Christmas Day,
and the weather variables across four water plants.

The heatmap results from Figures 21-24 show a weak association between water consumption and Christmas Day and Aus-
tralia Day, implying that these holidays have little or no correlation with water demand in the Greater Sydney region.
However, the results suggest that weather factors have a stronger relationship with water consumption than Australia Day
or Christmas Day. Higher values of weather-related variables may play a more significant role in explaining variations in
water consumption in the Greater Sydney region. The analysis reveals the following insights:

* the maximum temperature and daily global solar exposure are the primary factors affecting water consumption in some
suburbs in Greater Sydney, with a strong positive correlation.

* there is a strong negative correlation between water consumption and rainfall.

* the water consumption and minimum temperature have a high correlation.

Time series analysis provides valuable insights into how various factors change over time. Through data visualization,
trends, correlations, and the potential impacts of these factors on water consumption can be identified. Such analysis aids
in understanding the relationship between these variables and their influence on water consumption. Figure 25 presents
the time series analysis of various weather factors alongside water consumption using the Richmond water plant data to
examine the impact of weather variables on water consumption. The results for the other water plants are available upon
request.
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Figure 21 | Heatmap illustrating the Pearson correlation coefficients between water consumption, weather variables, Australia Day, and
Christmas Day — Richmond Water Plant.
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Figure 22 | Heatmap illustrating the Pearson correlation coefficients between water consumption, weather variables, Australia Day, and
Christmas Day — Warragamba Water Plant.
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Figure 24 | Heatmap illustrating the Pearson correlation coefficients — Liverpool Water Plant.
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Figure 25 | Time series analysis of weather factors and water consumption — Richmond Water Plant.

The results from Figure 25 reveal a clear and significant relationship between weather variables, including maximum temp-
erature, minimum temperature, rainfall amount, and daily global solar exposure, and water consumption. The evidence
indicates that changes in these weather factors have a significant impact on water demand, with temperature and solar
exposure exhibiting strong positive correlations with water consumption. This insight is particularly valuable for water
resource management and planning, as it underscores the need for adaptive strategies in response to changing climate pat-
terns. In contrast, our analyses show that the occurrence of special days, such as Australia Day and Christmas Day, has
no discernible impact on water consumption trends in the region. These events appear to have minimal influence on
water demand, suggesting that daily weather patterns play a more pivotal role. These findings have practical implications
for water resource managers and policymakers. Understanding the dynamic relationship between weather variables and
water consumption can inform more effective demand management strategies and resource allocation, especially in the
face of climate change and increasing weather variability. By prioritizing strategies that consider the impact of weather on
water demand, the Greater Sydney region can enhance its resilience and sustainability in the management of this critical
resource.

5.4. Summary of key findings

The findings from our comprehensive analysis of water demand on Australia Day and Christmas Day, utilizing data from four
water plants in the Greater Sydney region over the years 2010-2022 provide several important insights.

Time series visualization and descriptive statistics: Through time series visualization, we examined daily water consump-
tion patterns for January (2010-2022) and December (2010-2021). Each plot highlighted water consumption on Australia
Day and Christmas Day, respectively. Based on these visualizations, the data indicate that while there are daily fluctuations
in water consumption, Australia Day and Christmas Day do not consistently exhibit significant deviations from typical con-
sumption patterns observed during these months. Additionally, descriptive statistics were calculated for these holidays and
compared against the rest of January and December. The results consistently showed that the mean and median water con-
sumption on these holidays were within the range of daily fluctuations observed throughout the rest of the month. For
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instance, the mean water demand from the Richmond Water Plant on Australia Day was 18.37, closely matching the mean of
18.1 for the rest of January. Similarly, Christmas Day water consumption trends paralleled those of other days in December.

Box plot analysis: Box plots further illustrated the distribution of daily water consumption values, emphasizing the IQR
and median consumption levels. These visualizations confirmed that water consumption on both Australia Day and Christ-
mas Day did not significantly deviate from consumption patterns observed on other days in their respective months. The
consistency in median values and overlapping IQRs suggests that these holidays do not introduce exceptional variations
in water demand. In some years, the median consumption on these holidays was similar to that of other days in January
and December, indicating no significant difference. While slight differences were observed in other years, they were not con-
sistently higher or lower.

Statistical significance and #-test results: To solidify our findings, we conducted hypothesis tests, specifically #-tests, to
determine if the differences in water consumption on Australia Day and Christmas Day were statistically significant when
compared to the rest of January and December. The p-values obtained from these tests were greater than the typical signifi-
cance threshold of 0.05, indicating that any observed differences were not statistically significant. These results reinforce the
conclusion that these holidays do not have a substantial impact on water demand.

Pearson correlation heatmap analysis: Heatmaps using the Pearson correlation coefficient analyzed the relationship
between water consumption, Australia Day, Christmas Day, and various weather variables across four different water
plants. The heatmap results indicate a weak association between water consumption and both Christmas Day and Australia
Day, suggesting that these holidays have little to no impact on water demand. In contrast, weather variables showed a stron-
ger correlation with water consumption, emphasizing the influence of weather factors over holiday events.

The following findings are noteworthy regarding water consumption patterns in the Greater Sydney region: maximum
temperature and daily global solar exposure show strong positive correlations with water consumption. Conversely, there
is a clear negative correlation between water consumption and rainfall. Moreover, there is a notable relationship between
water consumption and minimum temperature. These insights underscore how weather conditions significantly influence
water consumption trends in this region.

Time series analysis of weather factors: Time series analysis was conducted to examine the impact of weather variables on
water consumption. The results revealed significant correlations between water consumption and weather variables such as
maximum temperature, minimum temperature, rainfall amount, and daily global solar exposure. These factors exhibited
strong correlations with water consumption, highlighting their substantial influence on water demand.

Summary research findings: The comprehensive analysis, encompassing time series visualization, descriptive statistics,
box plot analysis, #-tests, and Pearson correlation heatmaps consistently indicates that neither Australia Day nor Christmas
Day significantly impacts water demand in the Greater Sydney region. Despite minor variations in daily water consumption,
these holidays do not cause notable deviations from the typical daily patterns observed throughout January and December.

Implications for water management: Our findings suggest that water consumption is influenced more by other factors,
such as weather conditions and overall seasonal trends, rather than by the occurrence of these specific holidays. This con-
clusion is vital for water resource management and planning, as it indicates that special measures to address potential
spikes in water demand on these holidays may not be necessary.

Understanding the dynamic relationship between weather variables and water consumption can inform more effective
demand management strategies and resource allocation, especially in the face of climate change and increasing weather
variability. By prioritizing strategies that consider the impact of weather on water demand, the Greater Sydney region can
enhance its resilience and sustainability in the management of this critical resource.

6. CONCLUSION AND RECOMMENDATION

The accuracy and effectiveness of water demand forecasting hinge critically on selecting inputs that significantly impact
model performance (Ghannam & Hussain 2024). In our study, we explored the influence of holidays, specifically Australia
Day and Christmas Day, alongside weather variables such as maximum temperature, minimum temperature, daily global
solar exposure, and rainfall amount, on water consumption in Greater Sydney.

Our analysis reveals that holidays such as Australia Day and Christmas Day do not notably alter water consumption pat-
terns compared to typical days. However, weather variables, particularly maximum temperature and daily global solar
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Figure 26 | Comparison of mean water demand and standard deviation between Australia Day and Christmas Day versus the rest of January
and December across Four Water Plants in the Greater Sydney region.

exposure, exert a significant influence on water demand. This highlights the importance of monitoring these factors,
especially during extreme weather events, to optimize water management strategies effectively.

The comparative analysis of mean water demand and standard deviation on Australia Day and Christmas Day versus the
rest of January and December, as depicted in Figure 26, suggests that water demand remains relatively consistent across the
Greater Sydney region. Both the mean water demand and standard deviation values for these holidays closely match those of
the rest of their respective months. This indicates that major holidays do not significantly impact overall water consumption
patterns in the region. Such findings imply that water consumption on these holidays is stable and comparable to other days
in their respective months, suggesting that no special consideration for water planning is necessary for these occasions.

Understanding historical trends in holiday-related water demand is crucial. While our study found no significant deviations
during holidays, historical data indicate evolving patterns influenced by urbanization and changing consumer behaviors. Cli-
mate change projections suggest intensifying weather extremes, which could unpredictably exacerbate water demand
dynamics. Adaptive strategies must therefore anticipate these challenges, ensuring resilience in water resource management.

Although our focus is on Greater Sydney, our methodologies such as correlation heatmaps, t-tests, descriptive statistics, and
time series analysis offer a robust framework applicable in diverse geographical contexts. This adaptability, combined with
meticulous variable selection and analytical tools, positions our approach to address water management challenges
beyond our study region.

In summary, our findings underscore the importance of selecting relevant inputs for accurate water demand forecasting
models and emphasize the significant impact of weather variables on consumption patterns. These insights are pivotal for
guiding effective water management strategies aimed at ensuring sustainable urban water use. By considering historical con-
texts and anticipating future climate impacts, policymakers can proactively address the challenges posed by climate change
and fluctuations in holiday-related water demand, thereby promoting resilient and adaptive water management practices.
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