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Any land feature (lake, sand dune, playa, forest,
and thermal conductivity). So, different land features show different frequency distribution of LST.
On the other hand, environmental changes affect the LST. As a result, the frequency distribution of
LST over a given area may change by deforestation, desertification, drying of lakes, and
disappearing of snowcaps. The high spatial and temporal resolution of MODIS LST data makes it
possible to investigate the changes in the frequency distribution of LST. Using 15 years of LST
data shows that the frequency distribution of LST in Iran depend on altitude, atmospheric moisture,
snowcaps, surface and subsurface water respectively. Different land features such as lakes, river
systems, deserts, playas, sand dunes, forest, and urban areas possess their LST frequency signature.
Consequently, LST frequency distribution may be used as a powerful tool to delineate such land
features. At the same time, some environmental changes like drying of lakes, deforestation and
land use changes may be detected and tracked using frequency analysis of LST.

...) has its own thermal properties (specific heat
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Extended Abstract

1- Introduction

n scientific community climate is
typically characterized in terms of
suitable averages of the climate
system over periods of a month or
more, taking into consideration the
variability in time of these averaged
quantities (American Meteorological
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Society 2018). Climate change studies has extensively
used trend analysis approach to show how these
averages change by time.

Satellite remote sensing has facilitated environmental
studies in areas with no or sparse ground-based
observations. Land Surface Temperature (LST) is an
important factor controlling many other parameters of
the Earth system (Liu et al., 2006). On the other hand,
changes in land cover may affect frequency
distribution of LST. So, urbanization, desertification,
deforestation, and shrinkage of lakes may be detected
via analyzing the changes in the frequency
distribution of LST. Likewise, for land features that
have their own frequency distribution of LST,
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frequency analysis may be used as a tool for
delineation of the features like sand dunes, salt lakes,
lakes, woodlands, and metropolises.

Many environmental issues have been investigated
using LST. The urban heat islands (Imhoff et al.,
2010, Wang & Li, 2016, Zhou et al., 2016), air
temperature estimation (Benali et al., 2012, Colombi
et al., 2007, Mostovoy et al., 2005), land surface
temperature in mountainous regions (Neteler, 2010),
forest fire risk assessment (Guangmeng & Mei,
2004), temporal and spatial prediction of temperature
(Hengl et al., 2012, Langer et al., 2010, Westermann
et al., 2011), agricultural drought monitoring (Son et
al., 2012), and analysis of extremes (Mildrexler et al.,
2011) are among such researches. However, LST
frequency analysis i.e. the study of changes in the
frequency distribution of land surface temperature has
been overlooked. LST frequency changes may be
used as a powerful tool to detect environmental
changes as well as identifying the boundaries of
various land features. Nevertheless, any change in
LST distribution may be attributed to a wide variety
of environmental changes. So we need to understand
what specific environmental change, is related to what
changes in LST frequency distribution. In other
words, comparison of the frequency distribution of
LST in a given location at two different times not
only reveals environmental changes but also shows
which classes of temperatures have undergone more
changes. At the same time, comparing the distribution
of the frequency of LST of two different locations
over a given period of time can open up a new
window to the researchers and poses the question of
whether any particular geographical phenomenon
such as forests, woodlands, sand dunes, deserts, cities,
etc., has a given frequency pattern (frequency
signature). Frequency signature may be defined as a
pattern of percentage frequency of a given variable
(e.g. LST) which is statistically attributable to a given
land feature.

Regionalization and climate change studies are the
two major fields that dominated by statistics like
mean and standard deviation.

Iran is located in the subtropical dry zone.
Meanwhile, the climate of Iran is remarkably complex
mainly due to elevated and elongated Zagros, Alborz

and Markazi mountains. For instance, long-term daily
mean temperature difference between the hottest and
the coldest stations is up to 22° C. Despite the fact that
the southern coasts of the country have never
experienced snowfall at least during the last six
decades, in Alamkooh-Alborz, land is covered with
snow over 150 days annually (Keikhosravi Kiany &
Masoodian, 2017b). Mean annual precipitation in
Bam-south of Lut sand dune is less than 60 mm/year,
and over 1730 mm/year in Anzali- Southwest of
Caspian Sea coast and 1360 mm/year in Koohrang-
Central Zagros. On the other hand, as Iran is
experiencing a strong increasing temperature trend by
a factor of 2°C/100years (Masoodian, 2005) it is
losing its capability to supply enough water for a
country that during the last six decades its population
has been quadrupled.

2-Methods and Materials

This study is based on MODIS Al (collection 6) LST
product (MYD11A1) obtained by the satellite Aqua at
the study area. The data are obtained from the
National Aeronautics and Space Administration Land
Processes Distributed Active Archive Center (Wan,
2008). Observation period covers 5480 successive
days (15 years) from 4 July 2002 to 4 July 2017. In
order to evaluate the effect of elevation on LST, we
use the additional MODIS DEM_SN_A product.
Among all data only pixels within Iran mainland
border selected to evaluate. So, selected spatial-
temporal data are two 1884077x5480 matrices, LST;j,
for day and night in which i counts pixels and j counts
days. During the study period, LST\Aqua night varies
between -50°C to 57°C and LST\Aqua day varies
between -46°C to 80°C. Hence, 127 and 107 LST
classes with interval of 1°C considered for the day
(CLST=[-46:1:80]) and the night (CLST= [-50:1:57])
respectively. For every single pixel frequency of
LST\day and LST\night is counted separately using
the following formula:

Z
Fikzzl
j=1

= LST;j€CLST
Where F;;, is the frequency of LST over ith pixel in
kth LST class, LST;; is Land surface Temperature in
ith pixel (i=1...n) in jth time (j=1...z), and CLST} is
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LST classes (k=1...m) and CLST=[-46:1:80] for day
and CLST=[-50:1:57] for night. In this way, we have
two frequency matrices for the day(F;ggs077x127) and
night(F,gg4077x107)- Day and night frequency
matrices converted to percentage frequency matrices
using the following formula:

PFy, = 27" x100  SF,=Y™ F,

Where PF;;, is percentage frequency of LST over the
ith pixel in kth LST class, SF; is the total sum of
observations over ith pixel (i=1...n) in all LST
classes.

As a matter of fact, PF;, contains histogram of LST
for every single pixel over mainland Iran. As Iran is
climatically diverse, different patterns of the
frequency distribution of LST may be recognized in
the country. Principal Component Analysis (PCA) is a
powerful mapping technique to extract such major
patterns from original variables. In fact, PCA is a
linear transformation of original data (PF) to principal
components (S) as follow S =(PF—0XxPF)xE
Where Siggs077x234 1S the principal component,
PF gg4077x234 1S percentage frequency of LST,
0O1g84077x1 IS @ vector of ones, PF;,,3, iS mean of
PFigga077x234 » aNd  Epzaxzze IS coefficient
(eigenvector or mapping) matrix. As E x E = I then
S x E gives deviation from the mean (PF — 0 x PF).

3-Results and Discussion

Temperature plays a key role in climatic
regionalization of Iran (Masoodian, 2011). Therefore,
recognizing the major patterns of the frequency
distribution of LST helps to understand the structure
of Iran's climate zones. Iran is a mountainous country
with a diverse climate. At the same time, the density

of weather stations is low and the distribution of
stations is uneven. Hence, fine resolution satellite data
reveals some details about the climatic regions of the
country that are unattainable with station data.
Applying PCA on percentage frequency of LST (PF)
shows that about 75 percent of total variance may be
explained by four leading components. These four
components reveal some of the most important
climatic and geographical features of Iran.

PCAZ1-Climatic component: This component mainly
reflects the effect of the factors like topography,
inland water bodies, and river systems on land surface
temperature. It describes 43.6 percent of the total
variance of LST frequency distribution. Spatial
structure of PC1 largely resembles the main mountain
ranges of the country.

PC2 - Diurnal component: It divides warm Iran into
two different parts. Central Iran is warm during day
time and southern coasts are warmer during night.
PCA3 - Snowcap component: A very tiny part of Iran
has capability to preserve snow cover for a few
months. This component represents snow caps of the
country.

PC4 -Surface and subsurface water. This component
is sensitive to water content of the surface. So it
reveals different land features like Zagros woodland,
lakes, playas, and urban areas.

4-Conclusion

Any land feature (lake, sand dune, playa, forest,...)
has its own thermal properties (specific heat and
thermal conductivity). So, different land features
show different frequency distribution of LST. On the
other hand, environmental changes affect the LST. As
a result, the frequency distribution of LST over a
given area may change by deforestation,
desertification, drying of lakes, and disappearing of
snowcaps. The high spatial and temporal resolution of
MODIS LST data makes it possible to investigate the
changes in the frequency distribution of LST. Using
15 years of LST data shows that the frequency
distribution of LST in Iran depend on altitude,
atmospheric  moisture, snowcaps, surface and
subsurface water respectively. Different land features
such as lakes, river systems, deserts, playas, sand
dunes, forest, and urban areas possess their LST
frequency signature. Consequently, LST frequency
distribution may be used as a powerful tool to
delineate such land features. At the same time, some
environmental changes like drying of lakes,
deforestation and land use changes may be detected
and tracked using frequency analysis of LST.
Keywords: MODIS LST, Frequency signature, Land
features, Environmental changes, Iran.
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