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ABSTRACT: Population growth and urban development have contributed to increase in base urban water 
demand in a long-term temporal scale. However, if we consider a short-term temporal scale, weather variability 
is an important factor affecting daily, monthly and seasonal water demands. This study examines the 
relationship between urban water demand in the service area of the Metropolitan Waterworks Authority 
(MWA), Thailand, and two important weather variables: temperature and rainfall at various temporal scales. 
The growth of water demand was detrended and then normalized. The multiple linear regressions were used 
for analyzing the relationship. As a result, temperature has a strong significance to the demand that higher 
temperature causes higher demand, and the impacts are stronger for larger time scales. On the other hand, 
rainfall has a weak significance to the demand, but higher rainfall causes lower demand. Also, the impacts are 
more intense for larger time scales. As climate changes will affect both temperature and rainfall, MWA should 
consider the weather variability for a better management of water production and distribution.   
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1. INTRODUCTION 
 

The global water demand for domestic uses is 
expected to increase significantly, especially in 
cities and countries with developing economic 
growth [1]. In 1900, the global population lived in 
urban areas just 13% and has been rising to 49% in 
2005. According to the United Nations (UN) [2], 
the global population living in urban areas was 
predicted to rise up to 60% in 2030. Also, UN 
estimated the population living in Bangkok and its 
surrounding suburbs was around 18 million people, 
ranking the 22nd-23rd in the world, but people in 
the Bangkok area registered to elect the Bangkok 
governor only had 6 million people [3]. Thus, non-
registered population and tourists may affect water 
demand and pattern in Bangkok significantly. 

Metropolitan Waterworks Authority (MWA) 
provides potable water for Bangkok as Thailand 
capital city and its two vicinity provinces 
(Nonthaburi and Samut Prakarn). The water 
demand in this MWA service area has increased 
from 4.76 million cubic meters per day (MCM/day) 
in 2007 to 5.38 MCM/day in 2016 (+13% in 10 
years). Thus, understanding and forecasting the 
water demand is one of the challenging tasks for 
MWA.  

Urban water demand is influenced by many 
variables based on whether it is analyzed on 
temporal or spatial bases. The common explanatory 
variables for temporal analysis are temperature, 
precipitation, wind speed, evaporation, water price, 
weather related variables. Among them, 
temperature and precipitation are the most 

significant ones [4]. Urban water demand is also 
sensitive to time scale, especially seasonal time 
scale [5]. However, most of the studies were in the 
temperate zone [6,7,8], where the temperature 
varies widely in summer and winter. 

In this study, we studied the impacts of 
temperature and precipitation on water demand of 
the MWA service area in the hot and humid tropical 
zone. The temporal effects on urban water demand, 
daily, monthly and seasonal time scales, were 
explicitly studied in the large metropolitan water 
demand of Thailand. The time series linear 
regression model was used for time series data 
analysis [9]. 

 
2. STUDY AREA AND DATA  
 

MWA is a sole water utility agency providing 
potable water for Bangkok and its vicinity areas 
with more than 10 million population. MWA 
provides approximately 1,800 million cubic meters 
of potable water in 2018. Our study area is the 
MWA service area covering Bangkok, Nonthaburi 
and Samut Prakan provinces [10]. MWA provides 
water demand dataset consisting of daily water 
discharge and monthly water demand. To obtain 
daily demand, we assumed daily water loss by 
subtracting monthly water discharge with water 
demand and averaging it for daily water loss. 
According the MWA annual reports between 2007 
and 2017, the average percentage of water loss was 
approximately 30%. The monthly and seasonal 
water demands are then based on these daily data. 
Seasonal data are sum of the daily data during a 
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range of seasons. 
Weather dataset was obtained from five Thai 

Meteorological Department (TMD) stations, 
namely Bangkok (455201), Khlong Toei Port 
(455203), Bangna (455301), Don Muang Airport 
(455601) and Samut Prakarn (429301). TMD 
provided daily temperature and rain data. 
According to TMD, Thailand weather can be 
divided into 3 seasons. Summer is between 16 
February and 15 May, rainy season is from 16 May 
to 15 October, and winter is from 16 October to 15 
February [11]. The period of the data used in this 
study was between 1 October 2007 and 30 
September 2017 (10 years). 

According to the demand data, we found 
extremely low water demand during October 2011-
January 2012 caused by the Thailand mega flood in 
2011. We also found that during long holidays 
(more than 3 days) water demand was significantly 
lower than usual. Therefore, we did not include 

these abnormal demand data in our study. Detailed 
information of urban water demand temporal scales 
dataset is described in Table 1. Since our study is in 
the tropical zone, the daily temperature was between 
18.20oc and 34.15oc, and the seasonal water demand 
and temperature did not vary greatly like those in the 
temperate zone. However, in the rainy season, the 
amount of rainfall could be 3-5 times higher than that 
in other seasons. 

 
3. METHODOLOGY 
 
3.1 Normalization  
 

To investigate the impact of weather on water 
demand, we assumed that all other major variables 
except weather-related variables present in the 
water demand as a long-term time series trend. 
After removing this trend, we then can relate 
weather data to urban water demand. The time 
series model of urban water demand can be 
expressed as: 
 
𝐷௧ ൌ 𝛼଴ ൅ ∑ 𝛼௝𝑡௝

௩
௝ୀଵ                                              (1) 

 
where Dt is water demand at time t, α0 is the 
regression intercept and j is a polynomial term in the 
trend component, v is a polynomial order and αj is 
for a linear trend component. We considered that all 
the trend coefficient. For our model, we used v as 1 
growth-related variables such as population, 
economics, and an urban growth are included in the 
trend. After the model is constructed with daily data, 
we removed this trend by subtracting it from water 
demand such that 
  
 

 
 

Fig. 1 Study area and weather stations 

Table 1 Detailed Information of Urban Water Demand Temporal Scales Dataset 
 

Urban Water 
Demand Dataset 

Daily Monthly 
Seasonal 

Summer Rainy Winter

Period 
1 Oct 2007 - 
30 Sep 2017

Oct 2007 - 
Sep 2017

Winter 2007 – Summer 2017 

Number of Data 3,424 days* 116 months* 30 seasons* 

Water Demand 
Max (MCM/Day) 4.30 4.11 4.03 3.90 3.80
Min (MCM/Day) 3.04 3.23 3.54 3.42 3.32
Average (MCM/Day) 3.67 3.67 3.81 3.68 3.58
Temperature 
Max ( oc) 34.15 31.90 31.10 29.90 29.02
Min ( oc) 18.20 25.12 28.72 29.06 26.80
Average ( oc) 29.17 29.19 30.24 29.47 28.05
Rainfall  
Max (mm/day) 115.90 17.65 5.89 10.75 3.50
Min (mm/day) 0.00 0.00 0.72 6.33   0.69
Average (mm/day) 5.09 5.16 2.81 9.00 1.86

Note:* exclude long holidays and during a 2011 mega flood (229 days) 
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(a) Normalized water demand (D’) and temperature (T) 

 

 
(b) Normalized water demand (D’) and rainfall (R) 

 
Fig. 2 Temporal changes of daily normalized water demand with (a) temperature and (b) rainfall 
 

     
 (a) (b) 
 
Fig. 3 Temporal changes of monthly normalized water demand with (a) temperature and (b) rainfall  
 
 

    
 (a) (b) 
 
Fig. 4 Temporal changes of seasonal normalized water demand with (a) temperature and (b) rainfall  
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𝐷෡௧ ൌ 𝐷௢௕௦,௧ െ 𝛼ଵ𝑡                                                  (2) 
 
where 𝐷෡௧ is the detrended water demand at time t. 
We then tested the stationarity of 𝐷෡  by using an 
Augmented Dickey-Fuller (ADF) test [12]. The test 
is aimed for an unknown lag time autoregressive-
moving average model. However, for this study, a 
k-lag autoregressive model, AR(k), is considered 
and can be given by the equation: 

 
∆𝐷෡௧ ൌ 𝛼𝐷෡௧ିଵ ൅ ∑ 𝛽௝∆𝐷෡௧ିଵ ൅ 𝑒௧

௞ିଵ
௝ୀଵ                     (3) 

 
where ∆  is the difference operator, 𝑒௧  is a white 
noise sequence of random variables, α and 𝛽௝  are 
the coefficients. The null hypothesis of the unit root 
test is that the time series data has a unit root and is 
not stationary. If the null hypothesis is rejected then 
the time series data is stationary.  

After proving for its stationarity, we normalized 
the detrended daily water demands by dividing 
them with 𝛼଴ from Eq. (1) to analyze the demands 
as a ratio. This would give an easy understanding on 
impact of weather variables to the water demand. 
 
𝐷௧

ᇱ ൌ 𝐷෡௧/𝛼଴                                                           (4) 
 

3.2 Multiple Regression Analysis 
 

A multiple regression is a simple linear 
regression extension used when we predict two or 
more the value of a variable. The variables we 
predict are called dependent variables or target 
variables. A linear relationship is assumed between 
two variables. Linear regression is a commonly 
used statistical analysis in water demand while 
nonlinear regression is used to various growth 
models [13]. Results in one variable can be 
predicted from the others [14]. 

After removing the long-term trend and 
normalizing the detrended data, the influences of 
weather-related variables on normalized water 
demand can be described by a multiple linear 
regression model which is based on the basis of 
relationship between water demand and its 
determinants. Our model can be expressed as: 

 
𝐷௧

ᇱ ൌ 𝛽଴ ൅ ∑ 𝛽௜𝑥௜,௧
௡
௜ୀଵ                                              (5) 

 
where 𝐷௧

ᇱ is the normalized water demand at time t, 
𝛽଴ is the regression intercept and i is an index of ith 
independent variable, n is the number of variables�
and 𝑥௜,௧ is a value of ith independent variable at time 
t. Our independent variables are temperature (i = 1) 
and rainfall (i = 2). 
 
4. RESULTS AND DISCUSSION 

 
4.1 Normalized Water Demand 

 
To find the urban growth trend of daily water 

demands, a simple time series model (1) was 
adopted. We found the relationship based on the 
start of our data (October 2011) to be 

 
𝐷௧ ൌ 3.3846 ൅ 1.5696 ∗ 10ିସ 𝑡       (6) 

 
where 𝛼଴  = 3.3846 MCM/day and 𝛼ଵ  = 

1.5696x10-4 MCM/day2. Thus, the yearly average 
growth of water demand of MWA for 2007-2017 
was roughly 0.0573 MCM/year (+1.7%).  

We removed this trend for a zero-slope 
adjustment by subtracting it from water demand to 
obtain the detrended water demand 𝐷෡௧  in Eq. (2). 
We then normalized 𝐷෡௧  by dividing it with 𝛼଴  in 
Eq. (4). Consequently, we have the normalized 
water demand 𝐷௧

ᇱ that ranged between 0.8 to 1.2 due 
to temperature (T) and rainfall (R) as shown in 
Fig.2.  

Fig. 2(a) shows the temporal variation of daily 
normalized water demand and temperature for 10 
years. It is found that the water demand pattern 
follows the temperature pattern very well. The 
temporal variation of daily normalized water 
demand and rainfall for 10 years is shown in Fig. 
2(b). The rainfall seems to have a negative impact 
on water demand that higher rainfall causes lower 
water demand. However, the impact is not clear in 
the winter time periods, where there is less rain. 
This may be due to the effect of lower temperature. 

After averaging daily variables to monthly 
values, we found that the ranges of water demand, 
temperature and rainfall became narrower as shown 
in Fig. 3. Again, the temporal change of the monthly 
normalized water demand is consistent with that of 
the temperature in Fig.3(a). Comparing the water 
demand with the rainfall, we also found a possible 
relationship between them as shown in Fig. 3(b).  

Fig. 4(a) shows the comparison between the 
seasonal normalized water demand and the 
temperature. A clear trend shows that the water 
demand of each season reduced or increased in 
accordance with the change of the temperature. For 
example, in the summer when the temperature is the 
highest, the water demand rises up, it goes down in 
the rainy season and becomes the lowest during the 
winter. In Fig.4(b), the rainy season showed the 
highest rainfall, following with the summer and 
winter. It is found that water demand in the rainy 
season is lower than that in summer. This may be 
due to the effect of rainfall. However, water demand 
in winter is the lowest even with less rainfall. This 
should be the effect of the temperature as described 
earlier. 
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4.2 Weather Variability Analysis 
 

The impacts of weather variables, temperature 
and rainfall, were analyzed using a multiple linear 
regression in the following equation:  

 
𝐷௧

ᇱ ൌ 𝛽଴ ൅ 𝛽ଵ𝑇௧ ൅ 𝛽ଶ𝑅௧    (7) 
 

where 𝑻𝒕 is temperature and 𝑹𝒕 is rainfall. 
Table 2 shows the results from the regression. 

The statistics in the table are composed of 
coefficients of the regression variables, t Stat and P-
value. The coefficient values show how strong the 
impact of each variable on the normalized water 
demand. From the results, an increase in 1c of the 
temperature caused an increase in 1.52%, 1.87% 
and 2.38% of the water demands in the cases of the 
daily, monthly and seasonal time scales, the rainfall 
caused a decrease in 0.017%, 0.189% and 0.291% 
of the water demands in the cases of the daily, 
monthly and seasonal time scales, respectively. In 
conclusion, temperature generates a higher demand 
while rainfall leads to a lower demand. Also, the 
time scale became larger, the impact was stronger. 

We tested the significance of the independent 
variables, the temperature (T) and the rainfall (R) 
using t stat and P-value at the 0.01 significance level 
as shown in Table 2. The t stat values show how 
large the coefficients compare to the standard error. 
The larger value of t stat indicates the more 
significance of the variable. The P-value is the 
probability that the variables have no effect on the 
dependent, the normalized urban demand in this 
case. 

For temperature, the T-stat value for daily is 
much higher than monthly and seasonal values, 
indicating that the model for daily tends to be more 
accurate. Also, the P-value for daily is significantly 
lower than those for monthly and seasonal, 
indicating the same message. The t Stat and P-value 
results show that rainfall is less significant than 
temperature. In addition, the daily, monthly and 
seasonal models with rainfall tend to have the same 
accuracy. 

 
 

4.3 Impact of Weather Variables on Demand 
 
 The results of multiple linear regression for 

daily, monthly and seasonal were compared with 
the datasets in Fig. 5, 6 and 7, respectively, showing 
the impacts of temperature and rainfall on MWA 
water demand. 

In Fig. 5, the normalized daily water demands 
(𝑫ᇱ ) ranges between 0.8 and 1.2 with the daily 
temperature between 21oc and 34oc. A clear trend 
between temperature and water demand can be 
seen. We separated the data into three groups to 
analyze the effect of rainfall as follows. The blue 
circular dots show the data with rainfall between 0 
and 4 mm/day. The red triangular dots represent the 
data with rainfall between 4 and 8 mm/day, and the 
green diamond-shaped dots mean the data with 
rainfall higher than 8 mm/day. Using Eq. (7) with 
the coefficients in Table 2 for the daily data, the 
lines of rainfall equal to 2, 6 and 10 mm/day are 
used to compare with the daily data of three groups. 
It is found that the data are too scattered and not 
related to the lines very well. It implies that the daily 
water demand is not corresponding to the daily 
rainfall clearly. 

Many previous research studies in the temperate 
climate have found the temperature and rainfall 
thresholds for urban water demand. For example, 
[4] show that residential water use for East 
Doncaster, Victoria, Australia is not affected by 
temperature changes at 15.3oc or below and at 
rainfall level of 4.8 mm or higher. For our study area 
in the tropical climate, however, we cannot find 
those thresholds. It is possible that our lowest 
temperature is still higher than the threshold value. 

Fig. 6 shows the monthly water demand related 
to temperature and rainfall. The range of 
temperature decreases to be between 26oc and 32oc 
due to monthly averaging. Similar to the daily 
analysis, water demand depends on temperature. To 
consider the effect of rainfall, the rainfall lines at 
levels 2, 6 and 10 mm/day using Eq. (7) with the 
monthly coefficients from Table 2 were plotted 
against the three groups of water demand as done in 

Table 2 Results of multivariable linear regression of the normalized water demand (D’) to the average 
temperature (T) and the rainfall (R) in the daily, monthly and seasonally temporal scales. 
 

Normalized  
water demand 

Coefficients t Stat P-value 
𝜷𝟏 for T 

(1/ oc) 
𝜷𝟐 for R 
(day/mm)

𝜷𝟎 as 
intercept

T R T R 

Daily 0.0152 -0.00017 0.5571 40.5224 -2.9464 1.23E-293 0.0032
Monthly 0.0187 -0.00189 0.4656  7.6667 -2.8275 8.54E-12 0.0056
Seasonal 0.0238 -0.00291 0.3224  8.6211 -3.3784 3.09E-9 0.0022

Note:*Significant at the 0.01 level 
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the daily data. The lines show a wider gap among 

 

Fig. 5 Relationship between daily normalize urban water demand dataset, temperature and rainfall dataset 
during winter 2007 – summer 2017 

 

Fig. 6 Relationship between monthly normalize urban water demand dataset, temperature and rainfall dataset 
during winter 2007 – summer 2017 in the MWA service area 

 
(a) vary with rainfall 

 
(b) vary with seasons 

Fig. 7 Relationship between seasonal normalize urban water demand dataset, temperature and rainfall dataset 
during winter 2007 – summer 2017 (a) and show the amount of rainfall of each season. (b) 
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them, and a better tendency of an inverse 
relationship between water demand and rainfall can 
be seen.  

Again, we averaged the data into the seasonal 
time scale in Fig. 7. A clear relationship between 
temperature and water demand can be seen. In Fig. 
7(a), using the same idea to create three lines and 
three groups of water demand, the effect of rainfall 
can be found clearly. In Fig. 7(b), three groups of 
the seasonal data were divided according to 
seasons. It is clear that temperature and rainfall in 
each season are different. In summer, high water 
demand is due to high temperature while, in winter, 
low temperature causes low water demand. As the 
temperature in rainy season is moderate, water 
demand is low due to rainfall.  
 
5. CONCLUSIONS 

 
The average global temperature is constantly 

rising. Thailand is also affected by global warming. 
Over the past 40 years, between 1970 and 2009, the 
average temperature in Thailand rose about 0.024 oc 
per years, especially in the metropolitan areas, 
where the urban temperature is higher than other 
places due to a dome heat island effect [15]. This 
impact may cause and increase in urban water 
demand. Our statistical analysis of urban water 
demand for Bangkok, Nonthaburi and Samut 
Prakan provinces of Thailand showed that 
temperature and rainfall influence the urban water 
demand in the daily, monthly and seasonal time 
scales. An increase in 1c of the temperature caused 
an increase in 1.52%, 1.87% and 2.38% of the water 
demands in the cases of the daily, monthly and 
seasonal time scales, respectively. However, an 
increase in 10 mm/day of the rainfall caused a 
decrease of 0.017%, 0.189% and 0.291% of the 
water demands in the cases of the daily, monthly 
and seasonal time scales, respectively. Using t stat 
and P-value, temperature is a more significant 
variable than rainfall, especially in the daily time 
scale. Unlike in the temperate climate, we could not 
find the temperature and rainfall thresholds for 
urban water demand in our tropical climate study 
area. The weather effect to water demand with 
different time scales provides a better water demand 
prediction for the short-term, medium-term and 
long-term planning and management. These 
weather factors should be accompanied with other 
urban growth factors, such as population density, 
immigration or expansion, type of urban land use, 
the network of transport routes and etc. 
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