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Abstract. Seawater temperature is an extremely important factor as it affects the ecological balance of 
marines ecosystems, the continental weather, and the earth's atmosphere. However, the pressure on both 
coastal and marine resources, the use of oceans as a wastes deposit, the increase of urbanization, and 
anthropogenic activities in coastal zones are all causes of thermal pollution. The degradation of water 
quality by any process that changes ambient water temperature constitutes a significant danger in many 
coastal areas in the world. The region of Tangier-Ksar Sghir overlooking the Mediterranean Sea is 
experiencing growth of population and increasing urbanization and human activities, in addition to the 
industrial and touristic activities along the coastline. These activities are the main sources of thermal 
pollution that have effects on human health and the environment in the region. So, it is very important to 
examine seawater temperature in order to protect the marine and coastal areas from thermal pollution. In the 
current study, an approach based on TIRS thermal band data was used to estimate sea surface temperature. 
The results showed a good correlation between in-situ measurements and the estimated values from 
Landsat8 images along the coastline of the study area. 

1 Introduction 
The Mediterranean Sea plays a crucial role in maintaining 
the ecological balance of ecosystems and developing the 
economic wellbeing of the countries bordering it. Over 
40% of the world's population lives in coastal regions and 
lake or river shores [1]. The region of Tangier-Ksar Sghir 
located on the Maghreb coast at the western entrance to 
the Strait of Gibraltar is experiencing growth of 
population and increasing urbanization and human 
activities, in addition to the industrial and touristic 
activities along the coastline. The present situation has a 
significant impact on the coastal water quality in this 
region. 

Water temperature is one of the important parameters 
for the physical and biochemical processes occurring 
within the water as well as in air-water interactions 
because temperature regulates physical, chemical, and 
biological processes in water [2]. Sea surface temperature 
(SST) is also considered as an environmental factor for 
determining marine and coastal variation. Therefore, the 
thermal pollution of seawater involves serious dangers for 
coastal and marine ecosystems.  

Thermal Infrared Remote sensing (TIR) is a branch of 
remote sensing with Infrared waves [3] that can provide 
reliable measurements of emitted radiation from the 
surface. Most importantly, it can significantly contribute 
to the assessment of thermal pollution. The application of 
remote sensing techniques can be an attractive alternative 

to studying water temperature when compared to 
traditional methods that are expensive, both in cost and 
time.    

2 Methodology 

2.1 Study area 

The Tangier-Ksar Sghir is a coastal region placed in north 
Morocco. The capital city Tangier covers an area of 
11,570 km², representing 1.6% of the total area of the 
Moroccan Kingdom [4]. It is bordered by the 
Mediterranean Sea to the north, the Atlantic Ocean to the 
west, the region of Taza-Al Hoceima-Taounate to the east, 
and the Gharb-Chrarda-Beni Hssen South [5]. 

The region of Ksar-Sghir is mostly known by Tangier 
Med port. The port was built between 2004 and 2007. Its 
main activity is the transshipment of containers and it's 
connected to more than 120 ports in 50 countries around 
the. Geographically, the port is positioned on the east-west 
world shipping trade route between Asia, Europe, and 
North America, which is considered the second busiest sea 
lane in the world, with more than 100,000 boats per year.  
 
 2.2 Data preparation 

Sensors present a powerful tool which can allow 
seawater researchers and decision-makers to assess water 
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parameters efficiently. Remote sensing multi-concept 
helps to understand the natural environment, and 
managing water resources on local and regional levels 
[6]. Thermal infrared bands are used to measure the 
amount of infrared light emitted from the surface and the 
radiant temperature of water bodies. Estimated 
temperature acquired by remote sensing should be 
treated with great care when there are reasons to assume 
that the water is stratified [7]. Water temperature 
measurements can be obtained with a sensor that detects 
thermal radiation (3-5 and 8-14 µm wavebands) emitted 
from the upper 0.1 m of the water surface [8].  

The following flowchart presented in figure 1 
illustrates a step-by-step process followed in order to 
retrieve sea surface temperature (SST) from Landsat 8 
images. 

 

 Figure 1. Flowchart for Sea Surface temperature retrieve from 
TIRS thermal band 

The current study used the Landsat 8 Thermal 
Infrared Sensor (TIRS) data delivered in 16-bit. 
Landsat8 curries two sensors: —the Operational Land 
Imager (OLI) and the Thermal Infrared Sensor (TIRS). 
These two sensors provide seasonal coverage of the 
global landmass at a spatial resolution of 30 meters 
(visible, NIR, SWIR); 100 meters (thermal); and 15 
meters (panchromatic) [9].  

Landsat data are composed of quantized and 
calibrated scaled Digital Numbers (DN) which can be 
rescaled to the top of atmosphere (TOA) radiance using 
radiometric rescaling factors and thermal constants used 
to convert thermal band data to TOA brightness 
temperature (Table 1) [10]. These coefficients and the 
image characteristics are provided in the metadata file of 
the bands.  

A number of 6 Landsat8 images acquired from TIRS 
sensor (Table 2) have been used in this study from 
different months and seasons during the year of 2017. 

The used images were cloud free in order to get an 
accurate reflected light of the earth surface. 

Table 1. Thermal constants and Rescaling factors in Landsat 8-
TIRS 

Thermal 
Bands 

Thermal constant Rescaling Factor 

K1 K2 ML AL 

Band 10 774.8853 1321.0789 3.3420E-04 0.10000 

Table 2. TIRS images used for SST estimation 

Satellite ID Path/Row Acquisition 
date 

Acquisition 
time 

LC08_L1TP_201035_2017

0423_20180527_01_T1 
201/35 23 Apr2017 10:56:08 

LC08_L1TP_201035_2017
0626_20170714_01_T1 

201/35 26 Jun 2017 10:56:32 

LC08_L1TP_201035_2017

0728_20170810_01_T1 
201/35 28 Jul 2017 10:56:42 

LC08_L1TP_201035_2017

0914_20170928_01_T1 
201/35 14 Sep 2017 10:56:52 

LC08_L1TP_201035_2017
1117_20171122_01_T1 

201/35 17 Nov 2017 10:57:00 

LC08_L1TP_201035_2017

1219_20171224_01_T1 
201/35 19 Dec 2017 10:56:58 

Landsat 8 data processing started with a radiometric 
correction which aims to convert digital number (DN) 
values in thermal bands to the top of atmosphere spectral 
radiance values (1) using the rescaling factors (USGS 
2015) [11] as follows: 

                        Lλ = ML × Qcal + AL                         (1) 
 
Where: 
 
Lλ        =    TOA spectral radiance (Watts/( m2 * srad * μm)) 
ML      =    Band-specific multiplicative rescaling factor 
AL       =    Band-specific additive rescaling factor 
Qcal     =    Quantized and calibrated standard product pixel 
values 

In this paper, the radiative transfer equation-based 
method was used for thermal Infrared Sensor TIRS to 
retrieve Sea surface temperature (SST). The radiance 
received by the channel at the level of the sensor 
measured the radiant energy emitted by the ground in 
addition to the downwelling and the upwelling path 
radiances characterizing the atmospheric effects on the 
radiation transfer.  

The determination and the calculation of SST 
reflected by the earth surface require the removal of 
atmospheric effects due to scattering and absorption.  
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A simplified radiative transfer equation (2) was used as 
an atmospheric correction algorithm to estimate ground 
radiance received by the TIRS sensor at a specific 
temperature value can be expressed as:  

      𝐵𝐵𝑖𝑖(𝑇𝑇𝑖𝑖) = 𝜏𝜏𝑖𝑖(𝜃𝜃)[𝜀𝜀𝑖𝑖𝐵𝐵𝑖𝑖(𝑇𝑇𝑠𝑠) + (1 − 𝜀𝜀𝑖𝑖)𝐼𝐼𝑖𝑖
↓] + 𝐼𝐼𝑖𝑖

↑   
(2) 
 
Where: 
 
𝐵𝐵𝑖𝑖(𝑇𝑇𝑖𝑖) : the radiance received by channel i of the sensor 
with brightness temperature Ti, the detail of the TIRS’ 
calibration can be found at USGS Landsat Project 
website. 
𝐵𝐵𝑖𝑖(𝑇𝑇𝑠𝑠) : The ground radiance 
𝜏𝜏𝑖𝑖(𝜃𝜃)  :  Atmospheric transmittance for channel i when 
view zenith angle is θ. TIRS is treated as nadir viewing 
since the view angle is no more than 7.5° [12]. 
𝜀𝜀𝑖𝑖        :  Surface emissivity for channel i 
 

For the radiative transfer algorithm, the atmospheric 
profile was extracted from the NCEP data set; the 
Atmospheric Correction Parameter calculator located on 
the web at (https://atmcorr.gsfc.nasa.gov/) was used to 
simulate atmospheric transmittance as well as to obtain 
downwelling and upwelling radiance (Figure 2).  

The Parameter Calculator requires a specific date, 
time, and location as input and allows the user to select 
how the modeled atmospheric profile is interpolated 
[13].  
 

 

Figure 2. Atmospheric correction parameter calculator 
interface 

 
With the thermal radiance determined at the Landsat 8 
sensor level, accompany by the atmospheric parameters 
obtained with the Atmospheric Correction Parameter 
Calculator, the Sea Surface Temperature can be 
calculated according to the equation (3):  
 
                              𝑇𝑇𝑇𝑇 = 𝐾𝐾2

ln (1+𝐾𝐾1
𝐵𝐵𝑖𝑖

)
                             (3) 

 
Where K1 and K2 are the Band-specific thermal 
conversion constants provided in the metadata file MTL 
delivered with the USGS Landsat level-1 data products 
(Table 1). Sea Surface Temperature values estimated 
from the Sensor TIRS images were compared with in-
situ samples measurements for testing the accuracy of 
the developed equations using a simple correlation 
method.  
 
2.3 Statistical analysis 
The correlation techniques are widely used for testing 
the strength of the relationship between two quantitative 
variables. The correlation analysis quantifies the strength 
of the relationship between measured sea surface 
temperature values and remotely sensed data of sea 
surface temperature in the study area. In the present 
study, four factors were used to test the accuracy of 
Landsat 8 data obtained from thermal band 10: p-value, 
Adjusted Square Correction (R2), Root Mean Square 
Error (RMSE), standard error of the estimate (SEE) 
calculated as follows [14] (4, 5, 6): 

 

                    R2 = ( 𝑛𝑛∑(𝑦𝑦)− (∑𝑥𝑥)(∑𝑦𝑦)
√𝑛𝑛(∑𝑥𝑥2) −(∑𝑥𝑥)2 √𝑛𝑛(∑𝑦𝑦2) −(∑𝑦𝑦)2)2          (4)                                                   

 
Where: 
x= the estimated sea surface temperature 
y = the measured sea surface temperature 
n = Total point  
 

                    𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =  √∑ (𝑋𝑋𝑋𝑋𝑠𝑠𝑋𝑋𝑖𝑖−𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑛𝑛𝑠𝑠)2𝑛𝑛
𝑖𝑖=1

𝑁𝑁
                    (5)                                                                                                                                                                  

 
Where: 
Xesti  = the estimated value of the sea surface temperature 
using the algorithm 
Xmeans  = the measured value of the surface temperature 
using a thermometer 
N        = total point 
 

                          𝜎𝜎𝜎𝜎𝑇𝑇𝜎𝜎 =  √∑ (𝑌𝑌−𝑌𝑌𝑋𝑋𝑠𝑠𝑋𝑋𝑖𝑖)2𝑛𝑛
𝑖𝑖=1

𝑁𝑁
                      (6)                                                                                                                                                                  

Where: 
Y = the calculated value of the sea surface temperature 
using TIRS data 
Yesti  = the estimated value of the surface temperature 
from the regression  
N        = total point 
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The p-value is a statistical measure that can 

determine the significant terms in a developed model. In 
other words, p-value (or significance sig.) indicates the 
possible variability of the outputs following changes in 
the predictors [15]. A lower p-value (<0.001) can be, a 
better model can result. A normality test is conducted as 
well to study the distribution of residuals.  

For the generation of the mathematical equations and 
the correlation analysis, the Statistical Package of the 
Social Sciences (SPSS) software was used to evaluate 
the data of this current study. SNAP software and 
ArcGIS were used to do the image processing and to 
create the spatial distribution maps for the water 
parameters in the coastline of Tangier-Ksar Sghir region. 

3 Results and discussion 
The study of the potential of remote sensing in 
estimating water temperature has attracted many authors 
such as Pivato et al. (2019) [16], Cherif et al. (2019)  
[17], Abdelmalik (2016) [18], Syariz et al. (2015) [19], 
Lamaro et al. (2012) [20], Handcock et al. (2012) [21], 
and Ahn et al. (2006) [22]. 

The current work used the TIRS thermal band to 
retrieve seawater temperature (SST) from the radiative 
transfer equation-based method. The elaborated 
algorithm allowed to estimate SST from the Landsat8 
data for seawater in the coastline of Tangier-Ksar Sghir 
region during the year 2017.  

A total of 25 sampling points were used to measure 
the water temperature in-situ simultaneously with the 
Landsat processed data to examine the relationship 
between the calculated values and the measured ones. 
Figure 3 illustrates the results of the developed equations 
for correlating water temperature using TIRS data and 
in-situ measurements. 

 
Figure 3. Relational plot of the measured parameters values vs. 

the estimated ones 

The linear regression showed a high determination 
coefficient (R2 = 0.828) between the in-situ values and 
the calculated ones. By examining the analysis of 
variance (ANOVA) results, a low p-value was found 
(sig.˂ 0.001) which means the model is statistically 
significant.  

The correlation coefficient obtained indicated as well 
as good results in terms of measuring the accuracy of the 
algorithm.  By calculating the error coefficients, we 
obtained considerably low values (RMSE= 2.142, 
SEE=1.909) and that can express a good accuracy 
between observed and predicted data.  

A probability test called P-P plot was conducted as 
well in order to assess graphically the normality of data 
distribution. The P-P plot aims to compare the observed 
cumulative distribution function of the standardized 
residual to the expected cumulative distribution function 
of the normal distribution [23].  

The test is basically examining the normality of the 
residuals and not the predictors. By observing the normal 
p-p plots of water temperature regression (Figure 4) the 
data fall along the diagonal line and is shaped like a 
normal curve which means statistically is normally 
distributed. 

 

Figure 4. Probability p-p plot for SST residuals 

The spatial distribution of the estimated temperature 
from the samples collected from 10 areas of the study 
region is showed in Figure 5.   

Various temperature levels and values were seen 
between the areas of the study region over the year 2017. 
The distribution maps showed an increase of temperature 
along the coastline unlikely by moving away from the 
shore to the sea. 
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Figure 5. Spatial distribution of water temperature in the 
region of Tangier-Ksar Sghir during 2017 

The highest values of SST were observed in the 
region of the port of Tanger Med (area j). The four 
samples sites at the area g: S17, S18, S19, and S20 
showed high SST values ranging between 27 ˚C  and 30 
˚C comparing to the sites S24 and S25 located at the 
Benyounech beach (area j ) which showed the lower 
values ( 26˚C  as an average value). The port area is 
characterized by various industrial and trade activities 
including distribution transportation and the use of 
chemical products and contaminants such as nutrients 
while interacting affect the water column temperature 
[24]. The five areas (area d, area e, area f, area i, and 
area h) showed divergent values except for site S15 
situated in the Ksar Sghir beach that presented lower 
values (27˚C). The three areas a, b, and c located at the 
west part of the study region include Merqala beach 
(S1), municipal beach (S2, S3, and S4), and the 
Malabata beach (S5, S6, and S7) respectively were 
characterized by different values that oscillate between 

19˚C and 21˚. The results are showing high values of 
SST at the municipal beach. The pretreatment station 
and the Tangier port discharges also the effluents of the 
Souani and Meghougha oueds flow and drain into the 
sea nearby the municipal beach which affects directly the 
quality of waters in the area in accordance with what it 
was found in our previous study that aimed to assess 
coastal water quality using a statistical approach. [25].   

4 Conclusion 
The present paper illustrates and proves the presence of a 
significant relation between TIRS thermal band data and 
the measured sea surface temperature values. The results 
obtained from the statistical analysis showed a high 
determination coefficient between the in-situ 
temperature values and the predicted ones. The residuals 
analysis showed as well good results while testing the 
homogeneity of variance for the linear regression  
Therefore,  The sea surface temperature obtained from 
reflectance bands enables an accurate estimation for the 
SST based on a radiative transfer equation. 

The results show that the application of remote 
sensing techniques combined with traditional in situ 
temperature measurements to evaluate the accuracy can 
provide reliable information on temperature, besides, the 
remote sensing techniques can be developed to be more 
accurate and precise for absolute estimation of seawater 
temperature. 
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