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Abstract

Studying physical oceanography is one of the important fields of remote sensing applications.
Previously, the thermal mapping of seas and oceans relied on primitive methods, such as the
use of sensors installed on buoys, extracting contour lines, and deriving the values from the
confluence of contour lines. Today's remote sensing provides more advanced methods for
extracting sea surface temperature (SST) values for all bodies of water as a continuous raster
model, through thermal sensors installed on satellites designated to monitor and observe the
Earth. The Landsat program has facilitated a quantum leap by providing its data free for the
public. What has become increasingly important is the inclusion, in Landsat 8, of a thermal
band on the TIRS sensor through which SST can be extracted with a spatial resolution of 100
m?. In this article, the accuracy of the two thermal bands (band 10 and 11) of Landsat 8 was
validated in estimating the SST of Kuwaiti and Northwest Arabian Gulf waters, through the
use of 62 thermal images and 66 ground-truthing points (GTPs) taken from the field in the
period from July 2013 to March 2020. This was achieved through a function provided by the
ENVI 5.3 software - “brightness temperature” - to derive the surface temperature. The
accuracy of Landsat 8 to monitor the SST of Kuwait and north-west Arabian Gulf waters was
validated by calculating the root mean square error (RMSE) and the mean absolute
percentage error (MAPE). The accuracy of the thermal band 10 was + 2.03 degrees (7.9%),
while the accuracy of the thermal band 11 was + 3.13 degrees (13.7%). Therefore, this study
demonstrated that the thermal band 10 of Landsat 8 is more accurate than the thermal band 11
in monitoring the SST of Kuwaiti and north-west Arabian Gulf waters, with a difference of +
1.1 degrees (5.8%).

Keywords: Arabian Gulf, Kuwait; physical oceanography; remote sensing; sea surface
temperature (SST).

1. Introduction

SST is an important variable that affects the physical properties of water. Seawater
temperature affects the biodiversity of marine life, as well as it is a good indicator of water
quality (Wloczyk et al., 2006). A slight increase or decrease in the seawater temperature can
cause environmental impacts such as a change in the distribution of marine organisms.
Besides, long-term SST measurements are useful in climate studies (Ahn et al., 2006).

Previously, such studies relied on primitive methods in the thermal mapping of
seas and oceans, such as using measurements from sensors installed on floating marine
stations (buoys) and extracting contour lines, and deriving the values from the confluence of
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these lines. Measuring SST from space using earth observation satellites is a technique that has
been applied since the 1980s (Syariz et al., 2015). The Advanced Very High-Resolution
Radiometric (AVHRR) satellite, with its five thermal channels with a spatial resolution of
1.1 km?, is the most used satellite for measuring SST (Al-Rashidi et al., 2009). In the
past, low spatial resolution was one of the obstacles to accurately measure the SST.
Therefore, accurate algorithms have since been developed to generate more accurate SST
values (Wloczyk et al., 2006).

Landsat 8 is one of the satellites with available data for free. The launch of Landsat 8 was a
huge step in the field of thermal imaging, as it was equipped with a Thermal Infrared Sensor
(TIRS) with a spatial resolution of 100 m2. The TIRS has two bands: the thermal infrared
band 10 covers the radiation ranges from 10.60 to 11.19 um, while the radiation of the
thermal infrared band 11 ranges from 11.50 to 12.51 pum. The temporal resolution of
Landsat 8 is 16 days which means that every specific geographical region should be captured
every 16 days by the satellite (USGS, 2020b). Landsat 8 data have been widely used
to extract surface temperature data for both land and water. Surface temperature is
extracted from Landsat § imagery by converting digital numbers, a primary formula by
which satellite images are preserved into radiance. Then, the equation for the extraction of
temperature is applied either in Kelvin or in Silesian. Recently, some software, such as
ENVI 5.3 has provided a function (brightness temperature) to extract surface temperature
directly (L3HARRIS, 2020). The accuracy of this equation (function) differs spatially, as it
is more accurate in some geographical regions than others, depending on certain physical and
environmental conditions. As a result, the accuracy of thermal models extracted from
satellites is measured by appropriate statistical measures. However, regression analysis is
widely used to adjust satellite pixel values based on ground trothing points and field
measurements.

Several studies have already discussed SST in the North Arabian Gulf region. Some rely on
AVHRR thermal data with a spatial resolution of 4 km? (Al-Rashidi et al., 2009). Others use
MODIS products with a spatial resolution of 1 km? (Moradi & Kabiri, 2015; Barseem et al.,
2014; Ghanea et al., 2016). Several studies are based on field measurements in mapping SST
over the region (Alyamani et al., 2004). This study aims to evaluate the accuracy of Landsat 8
thermal bands' “brightness temperature equation” in estimating SST using field data taken from
2013 to 2020 in Kuwait territorial waters.

2. Study area

The State of Kuwait is located in the northeast of the Arabian Peninsula approximately between
28.45° and 30.05° North latitude and 46.30° and 48.30° East longitude, with an area of 17,818
km? (Figure 1). Kuwait has a sub-tropical climate, with long dry summers and short winters,
and a lack of rainfall. The prevailing wind comes from the northwest, and blows most days of
the year (Albanai, 2019). The population is concentrated in the urban area and is distributed
across six provinces, Asimah, Hawali, Al-Farwania, Jahra, Mubarak Al-Kabeer, and Ahmadi.
The total population of 2018 was estimated to be 4,768,754, including Kuwaitis and Non-
Kuwaitis (PACI, 2018).
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Fig. 1. Study area, which located on the northeast of the Arabian Gulf.

Kuwait faces the Arabian Gulf, and its coastline stretches to more than 1000 km, including
the coasts of the islands and the new artificial beaches and reclamation. The nature of the coasts
varies from north to south, depending on the location and the type of sediment. The sand and
mud beaches prevail in the northern region, while the southern region is characterized by its
sandy beaches (Taylor et al., 2015). There are nine islands in Kuwaiti waters, which can be
divided according to their physiography into two groups. The first group is coastal islands in
the northern waters, and they include Warba, Bubyan, Miskan, Failaka, Awhah, and Umm Al-
Namil. The second group is located off Kuwait’s shore in the southern part of the territory,
where the water is deeper. They are Umm Al-Maradim, Qaruh, and Kubbar (Alyamani et al.,
2004).

The depth of the Kuwait seawater in the north is different from that in the south, where the
water is shallow in the north due to the accumulated mud deposits while deep in the south; even
here, the general depth of the seawater does not exceed 30 meters. The salinity of Kuwaiti
seawater fluctuates with a mean of 42.4 practical salinity units (PSU). Generally, salinities in
the north of Kuwait are lower than in the south, due to the Shatt Al-Arab discharge. Also, the
temperature of Kuwait seawater varies from north to south, where the temperature of northern
waters is colder than southern and offshore waters. The seawater temperature ranges from 35
C° in summer to 12.5 C° in winter, with an annual average of 24.8 C°. Based on existing
records, the highest average temperatures were measured in July and August and the lowest
average temperatures were measured in January and February. In general, Kuwait’s waters have
low clarity and transparency because of the shallowness, with mean turbidity of 13.5
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nephelometric turbidity units (NTU); the highest values occur at Bubyan creeks. The
chlorophyll-a average is about 2.12 on Kuwait territorial waters. The seawater temperature of
Kuwait is measured mostly through floating monitoring stations of the competent authorities,

although these are occasionally supplemented by field surveys conducted by these authorities
(Albanai, 2021a and b).

3. Methodology
3.1 Data description and fieldwork

Ground truthing points (GTPs n = 66) of Kuwaiti SST cover eight years, from July 2013 to
March 2020, and are collected from two sources: the field survey with the Environmental Public
Authority’s (Environmental Public Authority, 2020) instruments for monitoring SST from 2018
to 2020; and the Meteorological Department in Kuwait Airways (Kuwait Meteorological
Department, 2020), which provided us with the SST values from 2013 to 2017. All the field
data were measured at around 10:00 am, while Landsat 8 captured images in the period from
9:30 to 10:30 am in local time. All the stations were along Kuwait’s territorial waters, from
Kuwait Bay to the southern territory.

The spatial data in this study include raster and vector layers. The raster layers contain
satellite images archives from Landsat 8 (Figure 2), which provided us with images from July
2013 to March 2020. The Landsat level-1 images (n = 62) were freely downloaded from the
Survey United States Geological Survey’s (USGS) website (USGS, 2020a). The vector layers
contain two sub-layers: the marine station's points layer, of the Environmental Public Authority
(Environmental Public Authority, 2020), and the station's points layer of the Meteorological
Department in Kuwait (Kuwait Meteorological Department, 2020). Both vector layers have
been made by the authors, using the two organizations’ station coordinates.

3.2 Data pre-processing

The 62 Landsat 8 images were pre-processed using ENVI 3.5 software. The images have
subsets, both spatially and spectrally. Landsat 8 image has eleven bands, two of which are the
thermal bands of the TIRS sensor. One plate of the Landsat 8 image covers a wide area
including the land and sea; the objective in this study is the body of Kuwait’s seawater (in the
north-west Arabian Gulf). Following that, the two thermal bands of Landsat 8 were processed
by converting the digital numbers (a primary format in which data are stored) into brightness
temperature, an option provided by the ENVI 5.3 software as a function under radiometric
calibration tools to extract the surface temperature of the land, “including water”. This function
is computing using the following formula (L3HARRIS, 2020):

K2

In (Iz—j+ 1)

T =

(Equation 1)
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Where K1 and K2 are calibration constants in Kelvin. ENVI 5.3 software reads these values
from the Landsat metadata. L, is the Radiance in W/(m? * steradian * pm) units. T is the
derived surface temperature.

The thermal images (two thermal bands for each image) were calculated in Kelvin and were
converted to degrees Celsius using the band math tool in the software. In the end, the images
were converted from ENVI format to a TIF format which can be used in ArcGIS software for
matching purposes.
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Fig. 2. Landsat 8 spectral bands with their spatial resolution and their range in the
atmospheric transmission (NASA, 2020; USGS, 2020Db).

3.3 Geospatial analysis

For matching between the ground-truthing points and the two thermal bands of Landsat 8, a
buffer was created around each ground-truthing point covering 1 km? of Landsat 8 thermal
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image. Then, the average values and standard deviations of these pixels were extracted, to
extract the coefficient of variance (CV) (Figure 3). This technique has been applied by
numerous studies (Albanai, 2020; Albanai, 2021c). This indicator has been extracted for
detecting outliers’ values, as they may be present in the image as a result of high and low
reflection due to weather conditions, or the presence of any malfunctions, or even any pollution
or foreign object in the water. A value of greater than one is specified as an overhead, and
images exceeding this value are excluded from the analysis. All the previous steps were done
using the Arc toolbox in ArcGIS 10.4.1.

The following formula was used to compute the coefficient of variance (CV):
S
CV = (:) 100
X

(Equation 2)

Where S is the standard deviation and X is the mean value in pixels window of
Landsat 8 thermal bands.

This was followed by a comparison of the values extracted from the two thermal bands for
each image and the ground-truthing points, by calculating the root mean square error and the
mean absolute percentage error. These are all statistical indicators that show the rate of
difference between the two variables in the unit of measurement used. In this analysis, the
RMSE scores were in degrees, and the MAPE was in percent. The following formulas were
used to compute RMSE and MAPE respectively:

=1

1 2
RMSE = ijEz (fi— 1)

(Equation 3)

1 fi— 1
MAPE :EZ |T’

=1

100

(Equation 4)

Where f; is the value of ground-truthing point and fj is Landsat 8 thermal bands
mean value in pixels window. Figure 4. Shows the methodology summary
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Fig. 3. Matching summary. As for the in-situ data, SST data were measured by taking the
mean of 10 minutes’ measure in the specific time and location.
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Fig. 4. Methodological flow chart for the current study.
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4. Results and discussion

The accuracy provided by the “brightness temperature” function of the ENVI 5.3 software in
extracting SST of Kuwaiti seawater across the two thermal bands of Landsat 8§ was evaluated,
using 66 ground-truthing points taken from field survey and floating marine buoys with 62
thermal images (Figures 5 and 6). It was found, according to statistical measures such as the
RMSE and MAPE, that thermal band 10 of Landsat 8 is better in monitoring SST than thermal
band 11 (Table 1) in Kuwait and the Northwest Arabian Gulf with a difference of + 1.1, where
the accuracy of the thermal band 10 was & 2.03 (7.9%), while the accuracy of the thermal band
11 was + 3.13 (13.7%). The raster model of the thermal bands of Landsat 8 showed
homogeneity, with CV (Table 2) not exceeding one degree in any thermal image overall the
seasons (Figures 7 and 8). Some studies (Ghanea et al., 2016) show a proportional relation for
other sensors such as MODIS in SST monitoring in the northern Arabian Gulf with field data
(r? = 0.989), which confirms that building a new empirical model will enhance the accuracy of
the Landsat 8 SST estimating. Figure 9 shows the geographical distribution of the SST in the
waters of Kuwait and the North West Arabian Gulf through two images captured in the summer
and winter. The images show the spatial resolution of the thermal bands of Landsat 8.
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Fig. 5. The correlation between thermal infrared band 10 and GTPs.
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Fig. 6. The correlation between thermal infrared band 11 and GTPs.
Table. 1. RMSE, MAPE and 12 (p-value = .000) scores.
RMSE (C°) MAPE (C°) r?
Thermal band 10 2.03 2.66 0.97
Thermal band 11 3.13 3.4 0.96

Table. 2. Mean standard deviation and mean CV scores seasonally and over the years
concluded in the study.

Season Mean SD Mean CV
Winter 0.08 0.22
Thermal band 10 Spring 0.0322 0.2
Summer 0.0324 0.11
Fall 0.03 0.12
Year 0.03 0.15
Winter 0.03 0.29
Thermal band 11 Spring 0.032 0.18
Summer 0.023 0.1
Fall 0.026 0.11
Year 0.02 0.15
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Fig. 9. An example of the obtained sea surface temperature values across Kuwait and the
Northwest Arabian Gulf using Landsat 8 Thermal band 10. The map below shows the spatial
resolution of the obtained model in Kuwait Bay.
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5. Conclusion

In this article, the accuracy of Landsat 8 thermal bands was evaluated by GTPs from 2013 to
2020. Based on the results, it is recommended to use thermal band 10 of Landsat 8 to monitor
SST in Kuwait and the Northwest Arabian Gulf when using brightness temperature function.
Although the study relies on quantitative analysis, relying on GTPs with a spread geographic
distribution more than what is applied in this study will give more accurate results in monitoring
accuracy. Further studies and research are recommended to derive a new model with better
accuracy in monitoring SST in this geographical region. In general, ENVI 5.3’s brightness
temperature function showed a good ability to monitor SST and clarify the spatial distribution
in the study area, though there is a possible opportunity to improve accuracy through the use of
remote sensing methods and geographic information systems (GIS) solutions.
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