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THE IMPACT OF THE GREEN SPACES ON
THE LAND SURFACE TEMPERATURE IN URBAN
AREAS - ANALYSIS OF THE LAND SURFACE
TEMPERATURE IN THE CITY OF ORADEA
USING LANDSAT 8 SATELLITE IMAGES

I. ZIFCEAC! C. PAUNESCU? M. VAIS?

Abstract: People living in urban areas face temperature discomfort due to
the urban heat island phenomenon that is in correlation with the land
surface temperature (LST) generated by the buildings for living and other
construction. In this paper, we aim to use remote sensing data to retrieve the
LST values to demonstrate the visual correlation that exists between these
values and green spaces. To retrieve the LST values and to obtain the raster
dataset necessary to identify the correlation between the green spaces and
these values, we applied the method of single window algorithm using data
from Landsat 8, acquired on 27" May 2021, in ArcGIS software for the City of
Oradea area. The obtained results confirmed the strong correlation between
green spaces and low values of land surface temperature.
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1. Introduction

Land Surface Temperature (LST) can be defined as the temperature felt when the land
surface is touched with the hands or it is the skin temperature of the ground. LST is the
temperature emitted by the surface and measured in kelvin [4]. Rising land surface
temperatures affect glaciers, ice sheets, permafrost, and the vegetation in Earth’s
ecosystems. Increases in land surface temperature also have serious health implications
for humans [8]. Land surface temperature not only does have serious health implications
for humans, thinking at the global scale, but even in small urban areas, this temperature
can create considerable discomfort for humans.

In urban areas, the quality of life is important and the responsibility for the environment
lies with the inhabitants. The lack of proper urban planning, translated into the lack of
constructions with low albedo material and de-vegetation in urban areas, causing those
areas to have high LST than surrounding areas [12]. As an urban heat island (UHI) is a region
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with high LST than the surrounding areas, and knowing that the urban heat island effect can
cause huge discomfort in human condition living, by identifying the regions from the city
with the high LST values can help the actors in charge to conduct a better urban planning.

Satellite remote sensing data is used to determine how the temperature is distributed
across de globe and Landsat is the longest satellite mission who provides the data
necessary to study it [3]. At the moment the study has been conducted the Landsat 8
was the newest satellite in operation from the Landsat mission.

Referring to the European Organization for the Exploitation of Meteorological
Satellites (EUMESAT) training portal we identify two directions to follow in order to
solve the radiative transfer equation (RTE) which conducts to obtain the LST values.

The first category starts from the premise that we know a priori the land surface
emissivities and consists of the following methods: single window method, multi-channel
method, and multi - angle method.

The second category assumes that the land surface emissivity is not known and implies
the following methods: stepwise retrieval method, simultaneous retrieval of land
surface emissivity and LST with known atmospheric information, and simultaneous
retrieval with unknown atmospheric information [10].

Based on all the data we had for conducting this study we presume that the single window
method algorithm and the City of Oradea area, through the proportion of the green spaces
and the distribution of them, will meet our expectations to retrieve the LST values in order
to demonstrate the visual correlation that exists between these values and green spaces.

2. Materials and Methods
2.1. Study Area

In order to prove that the satellite data can be used to retrieve the LST values through
ArcGIS software and that these values are in strong correlation with the green spaces, we
focused our study on the City of Oradea area, the Municipality of Bihor County presented
in Figure 1. The City of Oradea is located in the north-western part of Romania, on the two
banks of the river Crisul Repede, just 10 km from the state border with Hungary, with
geographical coordinates 21°56’25” longitude and 47°03’05” north latitude (WGS84).
Considering that The City of Oradea is located at the contact of the Western Plain with the
Western Hills, it folds on the geological structure that defines it. As relief units, we
mention the western part of The Crisurilor Plain which has as subunits The Barcau - Biharia
Plain developed at the contact between The Crisurilor Plain and The Hills of Oradea [6].

The City of Oradea has a moderate temperate climate with western influences, with
an average annual temperature of 10.5 °C with non-periodic variations. The average
annual rainfall in the city is 615.8 mm [6].

According to the National Institute of Statistics in Oradea in January 2020 lived a
number of 221413 people and according to the records of Oradea City Hall, the housing
stock of the city is about 66500 apartments and 20.000 houses. Following the census of
the green spaces that the municipality has conducted in 2021 it was found that the total
area of these spaces is 483 hectares, decreasing by 27 hectares compared to 2011, and
represents 28.84% of the total area of the city [11].
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Fig. 1. The geographic location of The City of Oradea

2.2. Materials

Landsat 8 is one of the Landsat series of NASA and it was launched on an Atlas-V
rocket from Vandenberg Air Force Base, California on 11" February 2013.

Landsat 8 is the most recently launched and operational Landsat satellite and carries
the Operational Land Imager (OLI) and the Thermal Infrared Sensor (TIRS) instruments.

Landsat 8 orbits the Earth in a sun-synchronous, near-polar orbit, at an altitude of
705 km (438 mi), inclined at 98.2 degrees, and completes one Earth orbit every 99
minutes. The satellite has a 16-day repeat cycle with an equatorial crossing time: 10:00
a.m. +/- 15 minutes. Landsat 8 has 9 spectral bands for OLI and 2 bands for TIRS. In our
study we used band 4 Red (0.64 - 0.67 um) and band 5 Near - Infrared (0.85 - 0.88 um)
from OLI, and thermal band 10 (10.6 - 11.19 um) from TIRS. The spatial resolution for all
OLI spectral bands is 30 meters and for the TIRS bands is 100 meters [15].

Fig. 2. The image of the Landsat 8 band 4, band 5 and band 10
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The data from Landsat 8, presented in Figure 2 was downloaded for free from the
Earth Explorer portal. The date of acquisition for the bands used in our study is 27" May
2021 [9].

2.3. Data Processing

The single window method used in our study to retrieve the LST values for the City of
Oradea with the Landsat 8 data in ArcGIS is based on the algorithm developed by Ugur
Avdan and Gordana Jovanovska for Erdas Imagine 2014 software version [7] and
involves the accomplish of the following steps presented in Figure 3.

Input Band 10 Input Band 4 Input Band 5
! .
Step 1 Step 3
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spectral radiance Step4
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Step 2 Step 5 vegetation P,
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Fig. 3. Flow Chart [7]

Step 1: The first step in obtaining the LST consists in retrieving the top of atmospheric
(TOA) spectral radiance. We use the following formula [5], [7]:

Ly = My * Qg + A, — Q; = 0.0003342 * "band 10" + 0.1 — 0.29, (1)

where: M, = 0.0003342 - band-specific multiplicative rescaling factor from the metadata
(MTL file), Q.4 = corresponds to band 10, A, = 0.1 - band-specific additive rescaling factor
from the metadata (MTL file) [8], Q; = 0.29 - correction for band 10 [1].

The MTL data file from Figure 4 is part of the data package downloaded from the Earth
Explorer portal and contains the information regarding parameters that characterize and
define the bands.

") *LC08_L1TP_186027_20210527_20210607_01_T1_MTL - Notepad - m] X
File Edit Format View Help
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Fig. 1. Print - screen of the MTL data file with information regarding radiance
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Step 2: After obtaining the top of atmospheric (TOA) spectral radiance L; knowing that
the thermal band data can be converted from spectral radiance to top of atmosphere
brightness temperature in °C using the thermal constant from Figure 5 we proceed to
this conversion revised by adding the absolute zero -273.15 °C [7], [13]:

K, — 27315 = 1321.0789

B n[(2)41] N

where: BT = Top of atmosphere brightness temperature (°C), K, = 774.8853 - band-
specific thermal conversion constant from the metadata, K, = 1321.0789 - band-specific
thermal conversion constant from the metadata [13].

BT —273.15, (2)

T LC08_L1TP_186027_20210527 2021060701 _TI_MTL - Notepad ~ — O X

File Edit Format View Help
GROUP = TIRS_THERMAL_CONSTANTS -~
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K2_CONSTANT_BAND_18 = 1321.8789 w
4 >

Ln 175, Col 20 80% Unix (LF) UTF-&

Fig. 5. Print - screen of the MTL data file with information regarding thermal constant

Step 3: Following the Figure 3 scheme we proceed to estimate the Normalized
Difference Vegetation Index (NDVI). NDVI values range from +1.0 to -1.0. Areas of
barren rock, sand, or snow usually show very low NDVI values (for example, 0.1 or less).
Sparse vegetation such as shrubs and grasslands or senescing crops may result in
moderate NDVI values (approximately 0.2 to 0.5). High NDVI values (approximately 0.6
to 0.9) correspond to dense vegetation such as that found in temperate and tropical
forests or crops at their peak growth stage [14]. For the calculation of the NDVI we used
the following formula [7]:

NIR(band 5)—R(band 4)

NDVI = NIR(band 5)+R(band 4)’

(3)

where NIR represents the near-infrared band and R represents the red band.
Step 4: Now that we have the NDVI values we calculate the Proportion of Vegetation
(P,) using the following formula for [7]:

p = (NDVI—NDVIS)2 ()
v ’
NDVIL,~NDVIs

where NDVI represents the raster obtained in the previous step, NDVIs = 0.2 represents
the value for the soil and NDVI, = 0.5 represent the value for vegetation.

Step 5: The last step before obtaining the LST is the determination of the ground
emissivity. To obtain this value of emissivity we use the following formula [7]:

gAZSUA*Pv+SsA(1_ Pv)"'C)u (5)

where €, and g, are the vegetation and soil emissivities, and C represents the surface
roughness, considering our case is a homogenous and flat surface we take C = 0.005 as a
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constant [7]. We take into consideration €, based on the NDVI value so for NDVI < NDVI;
the value of the emissivity becomes €)= €, for NDVI; < NDVI < NDVI, emissivity become
€= enPy+ €4(1 - P,) + C, and for NDVI > NDVI, emissivity becomes &= €, + C. So for NDVI
less than 0 it was assigned the 0.991 value, for values between 0 to 0.2 it was assigned the
0.996 value, for values between 0.2 to 0.5 was used the relation &= P, + €4(1 - P,) + C,
and for NDVI greater than 0.5 it was assigned the 0.973 value [7]. The calculation was
done with the conditional “Con” function from the raster calculator.

Step 6: Now that we have all the calculations done, based on the radiative transfer
principles [2], we can calculate the land surface temperature (LST) using the following
Equation [7], [5]:

LST = — 2T

N 1+wB?Tln(sA) ! (6)
where: BT represents the brightness temperature, w represents the length of the
emitted radiation, for band 10 this value is 10.895 um, p represents the constant value
obtained by the formula h * ¢ / o (h is Plank’s constant 6.626x10™*, ¢ is the velocity of
light 3*10®m/s, and o is the Boltzmann constant 1.38 x 10 1/K) that when substituting
the values the result is 14380 umK and g, represent the ground emissivity.

3. Results

After completing all the calculating operations we obtained the raster dataset with LST
values distribution for the City of Oradea in Figure 6. We observe that on 27" May 2021,
we had values of LST between 14 °C and 40 °C.

Legend:

o High : 40.437

—_
Low : 14,0276

Fig. 6. Raster dataset with LST values distribution (right)
and map of the City of Oradea (left)

In order to have a proper visualization of the impact of the green spaces on the LST
values, we create a section of the LST raster by a line from north to south in Figure 7.

We transformed the raster dataset to features points and selected all the points that
are within 5 meters distance to the line. Each point corresponds to a 30 meters raster
dataset cell size and has a value of the LST assigned.

As a final visual product, we created a diagram of the extraction line of the LST
distribution values in Figure 7. In this diagram from Figure 8, we identified based on the
coordinates of the extracted points the objects from the surface that are corresponding
to them.
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Fig. 8. Diagram of the extraction line of the LST values

4, Discussion

In this paper, we observed that satellite data that is free and easy to obtain from
specialized online satellite data providers may be used for obtaining powerful
information about the correlation between green spaces and land surface temperature
(LST). We observed that the Landsat 8 thermal band 10 is suitable to retrieve the land
surface temperature and that the ArcGIS software can facilitate this process making it
quite accessible.

For the City of Oradea area, we observed based on the distribution of the LST that in
dense residential neighborhoods, roads, and other transportation infrastructures and
areas with bare soil we meet the highest values, and in areas with many trees and other
kinds of vegetation like parks and the banks of the rivers these values can drop even
with 10-20 °C.
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Knowing that land surface temperature does not represent the real temperature that
people feel but can have a major impact on that, with satellite data the actors involved
in improving the standards of living can have a really powerful tool to help them in
creating the proper urban planning.

References

1. Barsi, J.LA., Schott, R.J, Hook, S.J., et al: Landsat-8 Thermal Infrared Sensor (TIRS)
Vicarious Radiometric Calibration. In: Remote Sensing 6 (2014), p. 11607-11626.
DOI: 10.3390/rs61111607.

2. Klaus, T., Norman, K., Gerrit, C.H., et al: Principles of Remote Sensing - An
introductory textbook. In: Enschede, The Netherlands, The International for Geo -
Information Science and Earth Observation, 2009.

3. Mararof, P., Statescu, F.: Investigating Land Surface Temperature Changes Using
Landsat Data: A Case Study of lasi County. In: Bulletin of The Polytechnic Institute of
lasi. Series VI: Hydro Technical Engineering, 2017, vol. 63 (73), p. 71-80.

4. Rajeshwari, A., Mani, N.D.: Estimation of Land Surface Temperature of Dindigul
District using Landsat 8 Data. In: International Journal of Research in Engineering
and Technology 3 (2014), p. p. 122-126.

5. Ruth, M.G.R,, Elia, M.A.G.: Mapping the LST (Land Surface Temperature) with
Satellite Information and Software ArcGis. In: Proceedings of the 6th International
Conference on Advanced Engineering and Technology (ICAET 2019), IOP Conf.
Series: Materials Science and Engineering 811, 2020, 012045, p. 1-6. DOL:
10.1088/1757-899X/811/1/012045.

6. Stupariu, M.l.: Municipiul Oradea - Studiu de Geografie Urband (Municipality of
Oradea - Study of Urban Geography). In: Ph.D. Thesis, University of Oradea, Oradea,
Romania, 2012.

7. Ugur, A., Gordana, J.: Algorithm for Automated Mapping of Land Surface
Temperature Using LANDSAT 8 Satellite Data. In: Hindawi Publishing Corporation
Journal of Sensors (2016), p. 2. DOI: 10.1155/2016/1480307.

8. https://www.climatesignals.org/climate-signals/land-surface-temperature-increase.
Accessed: 26.09.2021.

9. https://earthexplorer.usgs.gov/. Accessed: 25.09.2021.

10. http://eumetrain.org/data/4/460/navmenu.php?tab=3&page=1.0.0.

Accessed: 25.09.2021

11. https://www.oradea.ro. Accessed: 26.09.2021.

12. https://www.researchgate.net/post/What_is_the_difference_between_Land_Surface_
Temperature_LST and_Urban_Heat_Island_UHI. Accessed: 26.09.2021.

13. https://www.usgs.gov/core-science-systems/nli/landsat/using-usgs-landsat-level-1-
data-product. Accessed: 27.09.2021.

14. https://www.usgs.gov/core-science-systems/eros/phenology/science/ndvi-foundation-
remote-sensing-phenology?qt-science_center_objects=0#qt-science_center_objects.
Accessed: 27.09.2021.

15. https://www.usgs.gov/core-science-systems/nli/landsat/landsat-8?qt-science_support_
page_related_con=0#qt-science_support_page_related_con. Accessed: 27. 09.2021.



