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ABSTRACT

Urban development and industrial activities have led to dramatic changes in the physical
characteristics of the land surface, energy balance and, as a result, local climate change in big
cities. To investigate heat/cold island intensity, Modis Terra and Aqua data were used to
obtain land surface temperature from 2002 to 2016 and all cities with a population of more
than 500,000 were selected. Modis land cover data were used to extract urban and non-urban
areas. And so the difference between the maximum and minimum latitude and longitude of
the urban area was obtained and on every side, the city was expanded to its size To specify
the non-urban area. |

n the next step, a representative temperature of the non-urban had to be selected from non-
urban cells. For this purpose, for each day the temperature that had the highest frequency
among all cells of the non-urban was selected as the representative temperature of the non-
urban. And the urban heat/cold island intensity was obtained from the difference between the
Representative temperature of non-urban and all urban cells. The result shows that at the day
in all metropolises except Rasht from a cold island. At night, except Zahedan, which has a
weak cold island, in the other city form a heat island.

Copyright©2021, Geography and Development. This is an open-access article distributed under the terms of the Creative Commons Attribution-
noncommercial 4.0 International License which permits copy and redistribute the material just in noncommercial usages, provided the original

work is properly cited.

Extended Abstract transformation that are of interest across science

disciplines because the urban heat island signal

1- Introduction reflects a broad suite of important land surface

rbanization is one of the most
important human activities that
creates incremental changes in the
environment. Urban heating and
the formation of the urban heat
island are attributes of urban land

changes impacting human health, ecosystem
function, local weather, and possibly climate. The
heat island phenomenon is mostly made by the
reduction of latent heat and the increase in sensible
heat in urban area due to the replacement of
evaporative bar soils and vegetated surfaces with
non-evaporating impervious surfaces, asphalt and
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building materials that establish the temperature
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rely on these data alone for obtaining information
about urban heat island at the spatial scale of a city.
Satellite remote sensing now offers the opportunity
to characterize spatial and temporal structures of
solid ground surface temperature with sufficient
resolution to distinguish between urban cores and
rural environment. Research on heat island in Iran is
limited to a few metropolises and no comprehensive
study has been carried out on all metropolises of
Iran and has been used low temporal resolution

Sensors in these studies. Therefore, in this study,
attempted to investigate the urban heat island of
Iran metropolises by new way and climate type in
which the city is located. A deep understanding of
the spatiotemporal patterns of the heat island will
provide many applied needs of urban planners and
environmental managers.

2-Material and Methods

In this study, Modis Terra and Aqua data were used
to obtain land surface temperature from 2002 to
2016. For this aim, all cities with a population of
more than 500,000 were selected, comprising 17
cities. Modis land cover data (MCD12Q1, 500 m
spatial resolution) were used to extract urban and
non-urban area. And so the remainder between the
maximum and minimum latitude and longitude of
the urban center was obtained and on every side the
urban center was blown up to its size to fix a non-
urban field and a blue-ribbon area of each city were
taken. In the next step, a representative temperature
of the non-urban had to be selected from non-urban
cells. For this purpose, a new method was used in
this study, so for each day the temperature that had
the highest frequency among all cells of the non-
urban was selected as the representative temperature
of the non-urban. The relation between precipitation
days was also investigated using ground station data
obtained from the Meteorological Organization.

3-Results and Discussion

Survey of heat / cold island of Iran’s metropolises
shows that depending on the background climate
and city density, heat / cold island intensity varies.
At midday the highest intensity of cold island was -
6.1 °C, -4.8 °C and -4.1 °C degrees Celsius in Qom,
Tehran and Yazd, respectively. Qom is located in
the semi-arid desert and Tehran and Yazd are in the
temperate desert and the Severe desert and very hot,
respectively. In Tehran, the Extensive expansion of

impervious surfaces is also affecting the intensity of
the cold island because part of the solar radiation is
converted into latent heat. Rasht is the only city
with a heat island in midday due to its location in
moist and temperate Caspian climate zone. During
the day, the sensible heat flux in the non-urban
increases due to the presence of bare soil, especially
in hot and dry climati zones, and the latent heat flux
in the city due to the presence of overcrowded
urban practices as well as urban green spaces and
cold island is formed in all metropolises of Iran
(except Rasht metropolis). In most metropolises, the
core of cold island is located in overcrowded urban
areas. Also, in cities with extensive vegetation
cover, such as lIsfahan, Shiraz, and Mashhad, the
cold island core has Matches to these areas. In the
marginal areas of the Metropolises, due to the lower
density of buildings and the presence of open plots
and increased sensible heat flux, the intensity of the
cold island is lower than in the central and densely
populated areas of the city. In fact, the day time
cold island form due to the increase of heat flux of
non-urban area due to solar radiation and low heat
capacity of these surfaces and increased latent heat
flux of urban area due to congestion of buildings
and urban green spaces. At midnight, except
Zahedan, which has a weak cold island, in the other
city heat island was between 0.5 °C and 3°C. The
most intense nightly heat island is formed in Arak
and Shiraz that located in cold Mountain and semi-
warm mountainous and Mashhad in cold and semi-
arid climate zone. Cities that are located in a desert
climate zone like Zahedan, Yazd, Qom and Kerman
also have a weak heat island. Seasonal variations of
the heat / cool island of Iran metropolises indicate
that daytime, cool island variations are higher than
night time heat island. In most metropolises, the
strongest cold island occurs during the summer.
During this season, which is the hottest and driest
season of the year, due to the increased sensible
heat flux in the non-urban area as well as the
increase in latent heat flux in the urban area, the
temperature difference between the urban and non-
urban increases more than other seasons. The
weakest cold island also occurs in most
metropolises in winter. During the day, most of the
cold island occurred in cities with bare soil by
grassy and shrub land covers, respectively. In the
cities that located in the grassy land cover, from the
strong heat island due to the evapotranspiration
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cooling. At night, the most intense heat island form
in cities that located in a shrub land coverage area
and the weakest value is found in grassland and bar
soil area. The relation between wind speed and
precipitation days with heat /cold island indicates
that precipitation occurrence and increased wind
speeds reduce heat and cold island intensity.

4-Conclusion

The results show that because of the increase in
sensible heat flux in the non-urban area due to low
heat capacity procedures, especially in arid areas
and also increase the latent heat flux due to high
albedo procedures, urban green spaces and shading
of buildings in urban areas from a cold island
during the day, especially in the warm season. The
intensity of the cold island is higher in cities such as
Qom, Zahedan, and Yazd, which located in warm
and dry climate zone that relate to bare soil. Rasht is
the only city which has a heat island on the day due
to its location in humid and forest biome. At night,
the sensible heat flux in the non-urban area
decreases and the heat island forms over most
metropolises. The Zahedan is the only city at night
has a weak cold island. The most intense cold island
forms in th in cities that non-urban area is covered
by bare soil but strong heat island forms in the cities
that non-urban area is covered with crop land. At
night, the most intense heat island forms in the
cities that is covered with shrub land. And the
weakest nightly heat island forms in the cities with
land cover and bare soil and cropland.

Keywords: Heat island, Modis Terra, Modis Aqua,
Iran.
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