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Abstract

Satellite based land surface temperatures (LST) are widely used for urban climate studies particularly
at the areas where spatial distribution of meteorological data is not adequate. This paper evaluates
Moderate Resolution Imaging Spectroradiometer (MODIS) data to detect summer daytime and
nighttime LSTs at izmir city center and major summer resort areas around it. We investigated whether
these summer resorts are cooler in summer than the izmir city center for both daytime and nighttime
temperatures for the 2003-2016 period. We have found that Candarli and Dikili have higher LSTs
during daytime than Izmir city center for the most of the period while izmir city center has higher
LSTs than all the other summer resorts at nighttime. Mann — Kendall trend analysis shows that there is
statistically significant negative trend at the 1% significance level for Dikili and Eski Fo¢a and 5%
significance level for Izmir for daytime LSTs. However, statistically significant positive trend is
observed for nighttime LST’s at the 1% significance level for Cesme, Dikili and Urla while Candarls,
Eski Foga and Yeni Foga has a positive trend at the 5% significance level. We attribute to nighttime
positive trends of LSTs to urban heat island effect regarding urbanization and the increase of artificial
surfaces in those areas.
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Oz
Uydu tabanli yeryiizii sicakliklar1 iklim calismalarinda, Ozellikle de meteoroloji istasyonlarinin
mekansal dagiliminin yeterli olmadigi alanlarda siklikla kullamlmaktadir. Bu ¢aligma Izmir kent
merkezi ve ¢evresindeki belli bagli sayfiye alanlardaki yaz mevsimine ait giindiiz ve gece yerylizii
sicakliklarin1  belirlemede Moderate Resolution Imaging Spectroradiometer (MODIS) verisini
kullanmaktadir. Calisma kapsaminda 2003 — 2016 yillar1 arasinda hem giindiiz hem de gece
sicakliklarina gore sayfiye alanlarinin izmir kent merkezine gore daha serin olup olmadig
incelenmistir. Bulgulara gore séz konusu donemin biiyiik cogunlugunda Izmir kent merkezine gore
Candarli ve Dikili giindiizleri daha yiiksek yiizey sicakliklaria sahipken; gece sicakliklarinda izmir
kent merkezi incelenen sayfiye istasyonlarin tamamindan daha yiiksek yiizey sicakligma sahiptir.
Mann — Kendall egilim analizine gore giindiiz ylizey sicakliklarinda Dikili ve Eski Foga’da %1
diizeyinde, Izmir kent merkezinde %5 diizeyinde istatistiksel olarak anlamli bir azalhs egilimi
goriilmektedir. Buna karsin, gece ylizey sicakliklarinda Cesme, Dikili ve Urla’da %] diizeyinde,
Candarli, Eski Foca ve Yeni Foga’da ise %5 diizeyinde istatistiksel olarak anlamli bir artig egilimi
tespit edilmistir. Gece yiizey sicakliklarindaki s6z konusu pozitif egilimin bu alanlarda kentlesmenin

ve dolayisiyla yapay yiizeylerin artist ile iligkili oldugu diistiniilmektedir.

Anahtar Kelimeler: Yeryiizii sicakligi, kentsel 1s1 adasi, Mann — Kendall egilim analizi, MODIS.

1. Introduction

The land surface temperature (LST) is the
radiative temperature of the land surface or to put
it all in simple terms it is the measurement of how
hot the land is. It differs from air temperature,
which is typically measured at 2 m above ground.
Even though air temperatures and LSTs are
strongly correlated (Vogt et al., 1997; Vancutsem
et al., 2010; Benali et al., 2012) both have different
physical meanings because land heats and cools
more quickly than air. It is known that during
daytime, surface temperature is generally higher
than air temperature, and at nighttime, the opposite
occurs (Cresswell et al., 1999; Cigek et al., 2013).
Surface temperature affects the thermal comfort
thus the health of people (Rasul et al., 2016).

Since the LST changes rapidly in space as
well as in time, the detection of its spatial and
temporal distribution requires detailed
measurements (Li et al., 2013; Sekertekin vd.,
2016). Satellite-based thermal infrared data is
linked to the LST through the radiative transfer
equation and LST can be obtained from satellites
using various algorithms and methods that take
emissivity and atmospheric corrections into
account.

Satellite based LSTs are widely used for
urban climate studies (Voogt and Oke, 2003; Kaya
et al., 2012) since the change in urban/non-urban
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land uses can result in warming or cooling trends.
These changes usually cause a phenomenon called
the urban heat island (UHI) referring to the
positive difference in air and surface temperature
between an wurban area and its non-urban
surroundings and studies of UHIs have often cited
urban area expansion as a main factor in the UHI
development (Oke, 1973). Replacement of
impervious surfaces and human-made structures
with vegetation result with temperature increase in
those areas. The UHI implicitly distress on human
thermal comfort, which is the result of the
combined effect of temperature, wind speed, air
humidity and radiation (Hoppe, 1999).

The distress on human thermal comfort in
the cities causes people to travel non-urban areas
such as the second homes in summer resort areas
or highlands especially on the warm period of the
year. This study focuses on LSTs of Izmir city
center and the summer resorts around it using
MODIS satellite data and tries to answer the
question if these summer resorts fulfill the need of
cooling on summers for inhabitants of Izmir. For
this purpose, we compare the LSTs of the Izmir
city center and summer resorts around along with
the investigation of the change in the LSTs for
2003 — 2016 period using non-parametric Mann-
Kendall (M-K) test. One of the novel contributions
of this paper is determination of summer LSTs at
the summer resort settlements of Izmir in spatially
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comprehensive way where there are either no
meteorological station or they are not dating back
further for climatological analysis. Another
contribution is the detection of the temporal
change for LSTs for 14-year period and the
significance of the trend.

2. Study Area

The study area, izmir province is located at
the west coast of Turkey (fig. 1). This study
focuses on Izmir city center and major summer
resorts Dikili, Candarli, Yeni Foca, Eski Foca,
Urla, Cesme and Giimiildiir around it. Typical
Mediterranean climate that is observed at Izmir
province characterized by mild, rainy winters and
hot, dry summers and there are strong inter-annual
variability of climate components (Erlat, 2003;
Bolle, 2012). The average air temperatures for
summer months are between 25°C - 28°C
however, daily maximums with more than 40°C
can occur.
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Figure 1- 1zmir and selected summer resort areas.
(Background layer credits: Esri, DeLorme, GEBCO,
NOAA NGDC)

The summer resorts at Izmir are coastal
settlements used especially in summers by both
people from and out Izmir. People usually travel to
these resorts (daytrip or long duration) especially
in summers for swimming activities and getting
away from excessive hot weather and city life
distress.

While the primary economic activity before
1980s’ at these areas were fishing and/or
agriculture, from this date forward, the high
demand on touristic facilities and vacation houses
converted their rural pattern to urban by the rapid
increase on second homes and their population
(Ozgiig, 2017). Although there are no official
statistics for Izmir, The Ministry of Tourism have
announced that, the total number of second homes
in Turkey were 102.400 in 1990 (Turizm
Bakanligi, 1990) and 559.934 in 2013 according to
General Directorate of Civil Registration and
Citizenship (NV1, 2013).

3. Data

Although there are two main meteorological
stations in Izmir city center having data back to
1930s’ at the summer resort areas, either there are
no meteorological stations (i.e. Candarli) or they
are not dating back further for climatological
analysis. Therefore, we preferred using Moderate
Resolution Imaging Spectroradiometer (MODIS)
LST and Emissivity 8-Day composite products
(MYD11A2) acquired from EarthExplorer website
(https://earthexplorer.usgs.gov/) for the period
from 2003 to 2016. The data were filtered based on
the QA flags provided in the quality control layers
of the products. Aqua satellite passes over the
study area at approximately 01:00 and 14:00 local
time letting us to have daytime and nighttime LST
values for the study area.

We used CORINE Land Cover (CLC) 2000
and 2012 to determine the boundary of the urban
area of Izmir and other summer resort areas instead
of administrative divisions.

4. Methodology

The CLC 2012 has been used to determine
the existing artificial surfaces corresponding Izmir
urban area and the summer resort areas. According
to the CLC data sets the artificial surfaces class

EGE COGRAFYA DERGISI
Aegean Geographical Journal, VOL. 27 (2), 127-134, (2018)



130

contains urban fabric, industrial, commercial and
transport units, mine dump and construction sites
and non-agricultural vegetated areas. To avoid a
mixture of artificial surface pixels and others, 1 km
buffer zone has been applied.

The MODIS MYD11A2 products of each
year’s summer season (June-July-August) has been
used to assess the LSTs. The MODIS LST data of
14-year period is converted to Celsius degrees.
Mean pixel values have been calculated for each
summer period for daytime and nighttime LSTs.
All the pixels representing Izmir city center and the
summer resort areas then averaged giving the
average LST for each summer (Pixelmean) (fig. 2).

MODIS
MYD11A2

Daytime/Nighttime
Data

Convert to Celcius

A 4

Calculate mean values
for each summer
for every pixel

Calculate mean pixel
values within each
study area

Figure 2- Flowchart of the calculation of
Pixelwvean Values from MODIS data

The trends of LSTs has been examined using
the non-parametric M-K test. The M-K test is a
nonparametric test for monotonic trends that
provides an indication of whether a trend exists
and whether the trend is positive or negative. Two
hypotheses were tested using the M-K: the null
hypothesis, Ho, that there is no trend in the time
series; and the alternative hypothesis, Ha, that there
is a statistically significant trend in the series, for a
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given o significance level. In this study,
significance levels 5% and 1% were used. We have
used both the Kendall tau coefficient (1) and M-K
coefficient (S) to identify rank correlation. Kendall
7 is defined as the actual rating score of correlation
divided by the maximum probable score and is
calculated as:

~ s
TT05nm-1)
(eq.1)

where n denotes the sample size. The M-K
coefficient is calculated as:

n-1 n
S = Z Z sign(x; — xi)
k

=1 j=k+1

(eq. 2)

where n is the number of observation values
in the series, X1, X2, ... Xn represent n data points
where x; represents the data point at time j.
Sign(x;—xx) is the sign function as:

1 x5 >x
0 x5 =xi
-1 Xk < Xk

sign (xj - xk) =

(eq. 3)

A high positive value of t or S indicates an
increasing trend where a low negative value is an
indicator of a decreasing trend. However, it is
necessary to compute the probability associated
with T or S to statistically quantify the significance
of the trend. t ranges from -1 to +1 and closer
number to these, means a stronger relationship.
Sen's slope estimator (Sen, 1968) is used to
estimate the slope (change per unit time) of the
trend. The averages of all the pixels associated
with {zmir city center and summer resort areas for
each summer is used for M-K trend analysis.

5. Results and Discussion

The annual averages of summer LSTs show
that Izmir city center is warmer in daytime
comparing with summer resort areas except for
Candarli and Dikili (fig. 3). For the nighttime
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LSTs, izmir city center is warmer than all summer
resort areas (fig. 4). The upward trend can be
noticed for the nighttime LSTs in all areas. It
should be noted that the effect of 2007 South
Europe heat wave (Founda and Giannakopoulos,
2009) can be observed in both daytime and
nighttime LSTs while 2010 summer heat wave

(Barriopedro et al.,, 2011) can only be
distinguished at the nighttime LSTs.
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Figure 3: Temporal change in daytime Pixelwean Values
for Izmir city center and the summer resort areas
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Figure 4-Temporal change in nighttime Pixelmean Values
for Izmir city center and the summer resort areas

The M-K test shows that there is statistically
significant negative trend at the 1% significance
level for Dikili and Eski Foga and 5% significance
level for izmir for daytime LSTs (table 1 and fig.
5). The Sen’s slope values indicate that the
negative trend is more than 1°C per decade for
these areas. Negative trend with no significance

can be observed at Candarli, Cesme and Giimiildiir
while Urla and Yeni Foga have positive trend with
no significance.

Table 1- Results of the Mann-Kendall test for LSTs.
(* Statistically significant trend at the 5% significance
level. ** Statistically significant trend at the 1%
significance level.).

Day Night
MK o MKt g
[zmir -0.41* -0.12 0.32 0.09
Candarh -0.30 -0.06 0.49* 0.09
Cesme -0.01 0.00 0.52**  0.08
Dikili -0.54**  -0.16 0.52**  0.09
Eski Foga -0.69**  -0.15 0.47* 0.08
Glimildir -0.25 -0.09 0.36 0.07
Urla 0.12 0.01 0.52**  0.09
Yeni Fogca 0.01 0.00 0.41* 0.08
Daytime

/| Nighttime

A Positive trend without significance

VY Negati

v Negative trend at the 5% significance level A Positive trend at the 5% significance level

trend without signif

' Negative trend at the 1% significance level A Positive trend at the 1% significance level

Figure 5- Distribution of Mann-Kendal trend analysis
results at the study area for daytime and nighttime
LSTs. See fig. ? for the labels of the locations.

On the other hand, statistically significant
positive trend can be noticed at the 1% significance
level for Cesme, Dikili and Urla while Candarli,
Eski Foga and Yeni Foga has a positive trend at the
5% significance level (table 1 and fig. 5). The
other areas, Izmir city center and Giimiildiir, have
also a positive trend without significance. The
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Sen’s slope values indicate that the positive trend
is between 0.7°C - 0.9°C per decade for nighttime
LSTs for all the areas.

According to the results, izmir city center,
Candarli and Dikili are warmer than all the other
areas at daytime and there is no substantial
difference in the daytime LSTs for these three
areas. In terms of nighttime LSTs, Izmir city center
is warmer than all the summer resort areas for
almost all 14-year period. Apart from humidity and
wind speed, it can be affirmed that people have a
better thermal comfort at the summer resorts,
especially in nighttime LSTs for all the inspected
period. On the other hand, the results of the M-K
analysis shows that this situation is changing. Six
of the seven investigated summer resort areas have
statistically significant positive trend for the
nighttime LSTs. The larger magnitude of the
summer nighttime warming rates are consistent
with Tiirkes et al. (2002) and it is associated with
the rapid urbanization. This is generally explained
by the higher heat capacity of urban structures and
impervious surfaces that store more energy during
daytime and slowly releases it during nighttime
(Yang et al., 2011). Considering our results, it can
be concluded that the nights in those summer
resorts are getting warmer and this can be related
to the urbanization. The urbanization and the
expansion of the settlement areas are examined
using CORINE land cover data. The change of the
artificial surfaces that are associated with
urbanization between 2000 and 2012 shows that
the artificial surface areas have been increased at
all the areas and proportionally more at the
summer resorts (fig. 6).
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Figure 6- The change of 2000 and 2012 artificial surface
areas for Izmir and other summer resort areas according
to CORINE Land Cover data.

6. Conclusions

The study presented here focuses on the
summer LSTs of Izmir city center and surrounding
major summer resort areas and the change of
summer LSTs in 14-year period. Our hypothesis is
that the summer resort areas are expanding and
becoming “urban” and the urban heat island effect
in these areas are increasing making these areas
hotter.

The results show that Izmir city center is
warmer than all summer resort areas for daytime
and nighttime LSTs. According to the M-K trend
analysis daytime summer LSTs have a decrease for
14-year period except for Yeni Foca and Urla. On
the other hand, nighttime summer LSTs are
increasing at the summer resort areas.

We acknowledge that air temperature can
also express the thermal comfort; however, it has
limited ability to describe spatial distribution over
large areas most particularly at the areas where the
number of meteorological stations is limited. The
thermal comfort is also a function of air and
surface temperature, humidity and wind however;
we have externalized latter two due to the lack of
spatial distribution of meteorological stations.
Humidity, topography wind data can be taken into
consideration for further research.
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