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ABSTRACT

Urbanization  increases  land  surface
temperature (LST) due to urban surfaces
radiating heat, which is influenced by variations
in building materials, heights and spacing, and
street geometry amongst other natural and
manmade factors [1]. LST increases water
consumption especially in summer, due to
human behavior such as increased showering,
drinking, entertainment and cooling. This
research aims to use thermal remote sensing
data and GIS tools to quantify the impact of
LST on water consumption (WC) for the
different seasons in Khan Younis Governorate,
Palestine. Correlation was studied between
water meter data for 2017 (28,000 houses) and
the corresponding LST data of Landsat 8 at 100
m resolution. This study shows the potential of
remotely sensed LST datasets for estimating
WC under various seasonal climatic conditions,
which has the potential to be a valuable tool for
the management of water resources in urban
areas.
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INTRODUCTION

Urbanization is known to cause urban heat
island (UHI) effects. UHI’s have been
demonstrated to have multiple impacts on both
humans and the environment, including an
increase in water consumption, especially in
summer time [2]. Temperature is found
positively correlated to water consumption in
previous studies [10-13]. Gaza is facing a
critical shortage in water resources, as it is
amongst the most seriously affected Middle
Eastern countries [3], partly because a lack of
energy to pump water exacerbates the shortage.
Total energy consumption in the Palestinian
Territories including Gaza Strip is considered
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the lowest in the region compared to its
neighbours [4]. Local authorities are therefore
paying more attention to how climate change
could affect water availability at the local scale,
whilst WC has progressively become a greater
concern to urban water resource managers.

The literature distinguishes two types of WC:
base and seasonal [5]. Base WC typically refers
to indoor WC associated with cooking, health,
sanitation etc; whereas seasonal WC typically
refers to outdoor WC associated with landscape
amenities, such as swimming pools, water
features etc. The previous study [10] evaluated
the effects of LST of Landsat 8 LST on the
monthly rate of per capita water consumption
(RPCWC) during warm months in four regions
of water organization of Tehran. The results
show the increase of RPCWC from April to
August and decrease in September. Regions
with high monthly LST are coincide high
monthly per capita rate of WC (RPCWC). The
relationship between monthly RPCWC and
monthly average of LST shows positive
correlation (R*= 0.63), the correlation is
evaluated using the averaged values of
RPCWC-LST at the regional level. However, in
this study, we evaluated the relationship based
on the pixel level (100 m). Seasonal WC is
examined through the development of Land
Surface Temperature (LST) statistical models
based on climate and demographic data in order
to examine the potential for using Landsat 8
Thermal Infrared (TIR) data to estimate WC. In
order to achieve this, seasonal patterns in per-
capita WC will be analysed in two scenarios;
firstly focusing upon the city centre (“Centre”)
and secondly focusing on the city as a whole
(“Full”). In doing so, this article seeks to
evaluate the potential of Landsat 8 TIR data for
the estimation of water consumption, which has
the potential to offer valuable insights for water
resource management, urban resilience and
sustainable development.
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DATA AND METHODS

Six Landsat 8 datasets were collected
representing all seasons and used to retrieve
LST using the method discussed by Essa et al.
[6]. The scene dates and characteristics are
listed in Table (1).

Table 1. Scene characteristics of the Landsat 8 LST °C, Band 10
used in this study.

Acq-Date Acq-Time Min Max Average
< 20-01-2017 17:36 16.014  19.174 17.358
g
g
@» 28-05-2017 17:36 35.284 42.747 38.049
5
Z
£
» 07-08-2017 17:36 33.037  40.625 36.873
=
]
2 08-09- 2017 17:36 31.707  37.483 34.665
]

19-10- 2017 17:36 29.261  34.906 31.44
>
-1
E 26-10-2017 17:36 28.1 34.869 30.691

Residential WC records were collected (Figure
1A) and converted to raster maps of 100 m
resolution. Figure (1) illustrates the distribution
of the two types of water supply systems in the
study region: those provided by the Palestinian
Water Authority-PWA (Figure 1A), from
which data was available; and private wells
(Figure 1B) for which no data are available.

Figure 1. A. Black crosses indicate PWA’s water meters. The city
center is given by big red circle; B. Unregistered private water
wells (red circles).

In addition to the Landsat 8 and WC data, in-
situ data maximum temperatures (Max Temp)
recorded by weather stations in the city of
Ofakim [7], block level population data from
the Palestinian Central Bureau of Statistics
(PCBS) [8] and electricity consumption data
from Coastal Municipalities Water Utility [9]
will be used in this analysis.

Polynomial 2™ order statistical fitting models
were used in correlating WC and LST, and
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therefore the extent to which LST may be used
as a variable to estimate WC. Additional
experiments are also investigated by integrating
WC and the population (POP) data into a ratio
named “(WCPOPI)” = WC divided by POP.
WCPOPI is tested in the center and the full area
scenarios. WCPOPI ratio is used to investigate
the index’s usefulness for improving the WC-
LST statistical relationship.

RESULTS AND DISSCUSSION

Monthly patterns of WC, temperature and
electricity consumption are shown in Figure
(2). The apparent reduction of WC during the
summer is caused by severe fuel shortages in
the Gaza Strip, shortening the hours for water
pumping and hence lower WC due to a lack of
water supply. Electricity consumption shows to
be lower in hot months than cold months
(Figure 2). The correlation between monthly
WC and LST exhibits a low R?>=0.3. In
comparison, the averaged seasonal WC pattern
shows higher R*=0.9, likely because the
aggregation of data reduces the impact of
energy shortage on the availability of water in
summer.

on (Kw) Thousands

Eleetrisity Consumpti

Maorths (2017)
Figure 2. Average monthly residential water consumption vs.
maximum temperature in Khan Younis

Seasonal WC Rate of Change in litres per +1°C
(WCRC) was computed by calculating the
difference for each successive season (Figure
3). From winter to spring, a quantity of 7.8 litres
per capita is needed for each increase of 1°C.
However, in the imagery used for this analysis,
LST image values in springtime had greater
values than those in the summer, leading to a
negative difference in LST (where a positive
value would be expected). This is due to local
weather conditions at the time of the sample.
From summer to autumn and from autumn to
winter there is a decreasing trend in WC of -
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1°C, which is equivalent to an estimated -19.5
and -15 L/C respectively.

Sesonal Change of Water Consumption (Liter per capita) for each 1 °C
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Figure 3. The seasonal equivalent incremental change of WC per

+1°C (L/Capita)

Figure 4 shows the coefficient of determination
(R?») values for second order polynomial
regression analyses both “Centre” and “Full”
scenarios for both cumulative and per capita
WC. This figure illustrates that WC per capita
had the greatest R? in the city centre scenario

Conversely, WC per capita for the “Full”
scenario shows the worst correlation, likely due
to the prevalence of private wells for which no
data are available. This pattern is repeated in the
cumulative water consumption values, with
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Figure 4. Correlation between WC and surface temperature at
100 m resolution derived from Landsat 8 for four seasons and for
city center, full study area, city center per capita and for full study
area per capita.

correlations in the centre exhibiting greater R?
values in all but two cases (Spring 28 05,
Winter 20 _01). For this reason, further analysis
will concentrate on the city centre region, where
the impact of the missing ‘private well’ data has
less impact upon results.

Figure 5 shows scatter-plots illustrating the
seasonal relationship between LST and WC

(both cumulative and per capita) for the
“Centre” scenario. WCPOPI shows a higher R?
because it smoothens the effects of the outliers.
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Figure 5. Scatterplots of cumulative and per capita WC for
seasonal Landsat 8 LST images for the “Center” scenario.

CONCLUSION

The LST-WC relationship is found to be well
established in the city centre due to data
availability, However, this can then be scaled
up to predict the values in all parts of the city.

This study provides a useful demonstration of
how remotely sensed land surface temperature
data (Landsat 8 TIR, 100 m) can be applied
when no in-situ temperature data exists. LST
shows a plausible correlation with WC in Khan
Younis Governorate that can be used to
estimate spatial variations in WC per capita
based on statistical regression.

Other study areas where no missing data of
WC, LST imagery, no energy shortage effects
on water availability and presence of local
climate stations, may allow a more robust
conclusion on the performance of spatial-
temporal estimation of WC (monthly and/or
seasonal). Such a relationship could be the basis
for a very useful tool for the management of
urban water resources.

Second order polynomial regression between
WC and LST has been used in this research.
However, other regression methods such as
Least Absolute Residuals or Bisquare weights
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may reduce the influence of outliers.
Multilinear regression with other climatic and
socio-economic variables might also be
investigated in future research.

Only seasonal data shows significant
regression. Normalization of LST satellite
image data is a prerequisite for the Seasonal
WC Rate of Change per degree Celcius
(WCRC).
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