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Fig. 1. Location of the study area and Digital Elevation Model (DEM)
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Fig. 2. Extraction steps of land surface temperature
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Table 3. Error matrix and overall classification accuracy for classified images (1990, 2005 and 2020)
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Abstract

Background and Objective Urbanization accelerates
the ecological stress by warming the local or global
cities for a large extent. Many urban areas are
suffering from huge land conversion and resultant new
heat zones. Remote sensing techniques are
significantly effective in detecting the land use/land
cover (LULC) change and its consequences. Several
satellite sensors are capable to identify these change
zones by using their visible and near-infrared (VNIR)
and shortwave infrared (SWIR) bands. Apart from the
conventional LULC classification algorithms, some
spectral indices are used in detecting specific land
features. Normalized difference vegetation index
(NDVI) can be considered the most applied spectral
index in this scenario. NDVI is a dominant factor in
LST derivation processes and is used invariably in any
LST-related study. NDVI is directly used in the
determination of land surface emissivity and thus is a
significant factor for LST estimation. It also
determines the LULC categories by its optimum
threshold limits in the different physical environments.
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Being a vegetation index, NDVI depends largely on
seasonal variation. Hence, LST is also regulated by
the change of seasons. Thus, seasonal evaluation of
LST and NDVI is an important task in LST mapping
and monitoring, especially in an urban landscape. In
this research, LST and NDVI in August in the coastal
lands of Bushehr are investigated using Landsat
satellite images for the years 1990, 2005 and 2020.
The LULC map was obtained with suitable threshold
values of NDVI. The objectives of this study are; 1) to
analyze the temporal changes of the LST spatial
distribution pattern in the study area, 2) to determine
the spatial-temporal changes of the LST-NDVI
relationship for the whole studied land, and 3) to
investigate the spatial-temporal changes of the LST
relationship-NDVI  in different types of land
use/cover.

Materials and Methods The land study area of
Bushehr city, which is on the northern coast of the
Persian Gulf, with dimensions of 20 x 8 km?® an area
of 1011.5 km®’ and with an average minimum
temperature of 18.1 °C and an average maximum
temperature of 33 °C, relative humidity between 58-
75% and the average annual rainfall is 272 mm. The
data used in this research include; Landsat 8 (OLI) and
Thermal Infrared Sounder (TIRS) data in 2020; 2005
ETM" data, and 1990 TM data downloaded from the
United States Geological Survey (USGS) (https://earth
explorer.usgs.gov).

146



J RS gis for Natur Res (2020) 13(2):130—147.

4 Journal of RS and 615
~ for Natural Resources 2

The Landsat 8 TIRS instrument has two TIR bands
(bands 10 and 11), in which band 11 has calibration
uncertainty. Therefore, only TIR band 10 (100 m
resolution) is recommended for the present study. The
10 TIR band was converted to a pixel size of 30 x 30
meters by the USGS cubic convolution method.
Landsat 5 TM data has only one TIR thermal infrared
band (band 6) with 120 m resolution, which was also
converted by USGS to 30 x 30 m pixel size by cubic
convolution method. For Landsat TM and ETM" data,
the spatial resolution of 30 m visible to near-infrared
(VNIR) bands was used. The maximum likelihood
classification method was applied to validate NDVI
threshold-based LULC classification. In this study, the
mono-window algorithm was applied to retrieve LST
from multi-temporal Landsat satellite sensors. NDVI
can extract different types of LULC by using the
optimum threshold values. These threshold values can
differ with respect to the differences in the physical
environment. The NDVI threshold limits were applied
to the images to extract the different LULC types.

Results and Discussion The overall accuracy values
of the LULC classification were 73.6%, 83.9%, and
84.6% in 1990, 2005, and 2020, respectively. The
kappa coefficients for the LULC classification were
0.77, 0.80, and 0.84 in 1990, 2005, and 2020,
respectively. In the present study, the average overall
accuracy and average kappa coefficient were 80.7%
and 0.80, respectively. Thus, the NDVI threshold
method-based LULC classification was significantly
validated. The results of this research showed a
gradual rising (1.4 °C during 1990-2005 and 2 °C
during 2005-2020) of LST during the whole period of

study. The mean LST value for three study years was
the lowest (30.86 °C) on green vegetation and the
highest (49.07 °C) on bare land and built-up areas.
The spatial distribution of NDVI and LST reflects an
inverse relationship. The best (-0.97) and the least (-
0.80) correlation, respectively, whereas a moderate (-
0.89) correlation was noticed. This LST-NDVI
correlation was strong negative (-0.80) on the
vegetation surface. The LST is greatly controlled by
land-use characteristics.

Conclusion The present study analyzes the spatial,
and temporal relationship of LST and NDVI in
Bushehr coastal lands using 3 Landsat data sets for
1990, 2005, and 2020. The mono-window algorithm
was applied in deriving LST. In general, the results
showed that LST is inversely related to NDVI,
irrespective of any year. The presence of vegetation is
the main responsible factor for high negativity. The
LST-NDVI relationship varies for specific LULC
types. The green area presents a strong negative (-
0.80) regression. The mean LST of the study area was
increased by 3.4 °C during 1990-2020. The
conversion of other lands into the built-up area and
bare land influences a lot on the mean LST of the city.
Both the changed and unchanged built-up area and
bare land suffer from the increasing trend of LST.
This study can be used as a reference for land use and
environmental planning on coastal land.
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