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Abstract - One of the most significant fields for remote sensing applications is 
physical oceanography research. Early methods for thermal mapping of the seas 
and oceans included using sensors mounted on buoys. Through the use of 
thermal sensors mounted on Earth observation satellites, remote sensing now 
offers more progressive techniques to extract the sea surface temperature (SST) 
values as a continuous raster model for all water bodies. Landsat 8's TIRS sensor 
must have a thermal band so that the SST can be extracted with a 100 m2 spatial 
resolution. The precision of two thermal bands from Landsat 8 (bands 10 and 
11) for SST appreciation in waters northwest of the Arabian Gulf was confirmed 
by the current study.  Using thermal images and comparing them with the actual 
measured temperatures of selected stations taken in December 2014 and January 
2022. This was accomplished using the "Brightness Temperature" function 
provided by ENVI 5.3 for determining the surface temperature. By accounting 
for root mean square error (RMSE) and mean absolute error rate (MAPE), 
Landsat 8's precision for SST monitoring in waters northwest of the Arabian 
Gulf was confirmed. The thermal band 10's accuracy was ±1.72 (1.79%), while 
the precision of thermal band 11 was ±2.37 (2.49%) in 2014, with a difference 
of ± 0.65 (0.7%). In 2022, it was found that the precision of thermal band 10 
was ± 1.7 (2.37%), and the precision of thermal band 11 was ± 2.25 (3.13%), 
with a difference of ± 0.55 (0.76%).Wherefore, the outputs of the current study 
show that Landsat 8's thermal band 10 is more precise than thermal band 11 at 
measuring the sea surface temperature of water northwest of the Arabian Gulf. 
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  –في قیاس درجة حرارة سطح البحر  8ت ري لبیانات القمر الصناعي لاندساتقییم دقة النطاق الحرا

شمال غرب الخلیج العربي   

 3، حمید مجید عبد الجبار 2كم ابراھیم مل، معتص1عادل جاسم الفرطوسي

 العراق –ة ، البصرة مركز علوم البحار ، جامعة البصر - 1

 العراق –واسط  واسط،جامعة  العلوم،كلیة  - 2

  العراق - (ابن الھیثم) ، جامعة بغداد، بغدادالصرفة كلیة التربیة للعلوم  - 3
                           ُ                                              مجالات تطبیقات الاستشعار عن ب عد. تضمنت الطرق المبكرة لرسم الخرائط الحراریة  ُ  ّ                                         ی عد  البحث في علم المحیطات الفیزیائي أحد أھم  –المستخلص 

                                                                    ُ  ّ  بفضل استخدام أجھزة الاستشعار الحراري المثبتة على أقمار مراقبة الأرض، ی قد م  للبحار والمحیطات استخدام أجھزة استشعار مثبتة على عوامات.

ا لاست ً      الاستشعار عن ب عد الیوم تقنیات أكثر تطور  كنموذج نقطي متصل لجمیع المسطحات المائیة.  یجب أن  (SST) خراج قیم درجة حرارة سطح البحر             ُ                        

متر مربع.  أكدت ھذه  100 على نطاق حراري لاستخراج درجة حرارة سطح البحر بدقة مكانیة تبلغ 8 الخاص بلاندسات TIRS یحتوي مستشعر

) في تقدیر درجة حرارة سطح البحر في المیاه الواقعة شمال غرب الخلیج العربي. تم 11و 10 (النطاقان 8 الدراسة دقة نطاقین حراریین من لاندسات

. وقد تم 2022كانون الثاني و 2014كانون الاول                                                             ً                           استخدام الصور الحراریة ومقارنتھا بدرجات الحرارة المقاسة فعلی ا في محطات مختارة خلال شھري 

DOI:https://doi.org/10.58629/mjms.v41i1.444 , ©Authors,  Marine Science Centre, University of Basrah. 
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 لتحدید درجة حرارة السطح. وباستخدام متوسط الجذر التربیعي للخطأ ENVI 5.3 لمتوفرة في برنامجذلك باستخدام وظیفة "درجة حرارة السطوع" ا

(RMSE)  ومتوسط معدل الخطأ المطلق (MAPE)في رصد درجة حرارة سطح البحر في منطقة الدراسة.  8 ، تم تأكید دقة القمر الصناعي  لاندسات

 0.65 ± ، بفارق قدره2014 في عام%) 2.49(  2.37 ± 11 بینما بلغت دقة النطاق الحراري ،) 1.79%( 1.72 ± 10 بلغت دقة النطاق الحراري

جد أن دقة النطاق الحراري 2022 عام %).0.7(  ، بفارق قدره %)3.13(  2.25 ± 11 ، بینما بلغت دقة النطاق الحراري%)2.37(  1.7 ± بلغت 10 ُ                         و 

ً            ُ          وبناء  على ذلك، ت ظھر نتائج .(%0.76)  0.55 ±  11ي أكثر دقة من النطاق الحرار 8 في القمر الصناعي لاندسات 10 ھذه الدراسة أن النطاق الحراري    

  .في قیاس درجة حرارة سطح البحر شمال غرب الخلیج العربي

  ، النطاق الحراري، درجة حرارة سطح البحر، شمال غرب الخلیج8 لاندسات الكلمات المفتاحیة:

 Introduction: 

A variety of ocean and atmospheric phenomena are observed and understood better with the 

help of sea surface temperature (SST). Accurate temperature measurement is obtained on-site, or 

it can be obtained by buoys or scientific research vessels. Additionally, sea surface temperatures 

tracked by satellites are important and have been successfully applied in practice (Corlett et al., 

2006 and Dash et al., 2010). SST databases from satellite observations have been created, which 

were widely used for examining SST fronts (Ullman and Cornillon , 2000 ;  Park et al., 2004). 

 The biological diversity of marine life is affected by seawater temperature (SST), which is an 

important variable affecting the physical properties and in addition, is a good index of water 

quality (Wloczyk et al., 2006). A small change in seawater temperature can have an impact on 

the environment, changing how marine creatures are distributed.  

Furthermore, long-term SST mensuration is beneficial in climate research (Ahn et al., 2006). 
Earlier on, studies have relied on extracting contour lines data from sensors mounted on buoys, 
then determining values from a crossing of the lines. This method is regarded for thermally 
mapping seas and oceans as one of the rudimental. A relatively recent study by ( Elhakeem et al., 
2015), which concentrated on a long-term simulation of the Gulf's hydrodynamics, concluded 
that the warm water inflow from the Sea of Oman through the Strait of Hormuz, in addition to the 
meteorological effect, is the main factor regulating water evaporation during the winter 
(humidity, air temperature, cloud cover, and wind. (Xue  and  Eltahir, 2015) found that the annual 
surface evaporation in the Arabian Gulf is 1.84 m/year using a simulation model coupling 
between the atmosphere and the ocean,  which agrees with  (Reynolds, 1993). Having highlighted 
the important role that sea surface heat plays in heat transfer between water and the atmosphere 
by these studies.  

Researching three-dimensional fields and computing derived quantities like heat fluxes are 
better suited for numerical modelling. However, remote sensing data is frequently the best for 
examining quantities at the sea surface, in part due to the avoidance of inaccurate numerical 
approximations of differential equations and complex physical process parameterizations. 
Additionally, remote sensing data can be used to verify numerical models (Nesterov et al., 2021). 
Sea surface temperature measurements from space have been made possible since the 1980s 
thanks to Earth observation satellites ( Syariz et al., 2015).  

One of the barriers to accurately measuring sea surface temperature has been the low spatial 
resolution. Therefore, to generate more accurate SST values, precise algorithms have been 
developed (Wloczyk et al., 2006). Due to its inclusion of a Thermal Infrared Sensor (TIRS) with 
a spatial resolution of 100 m2, the free Landsat 8 satellite has marked a significant advancement 
in the field of thermal imaging. There are two bands for the TIRS sensor: (10.60 to 11.19 μm) for 
thermal infrared band 10, and (11.50 to 12.51 μm) for thermal infrared band 11. Landsat 8 has a 
temporal resolution of 16 days, so the satellite should capture an image of each geographical area 
during this date (https://earthexplorer.usgs.gov.).  
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Data from Landsat 8 has been extensively used to extract information on surface temperatures 
for both land and water. By transforming digital numbers into radiance, it is possible to determine 
the temperature (Hamzaa et al., 2022). The temperature extraction equation, either in Kelvin or 
Silesian, is then used. A function called "brightness temperature" that directly extracts surface 
temperature has recently been added to ENVI 5.3 (Hamzaa et al.,2022). Based on the 
environmental and physical circumstances, this equation's spatial accuracy varies, being more 
exact in some geographical areas than others.  

Due to this, appropriate statistical metrics are used to evaluate the precision of thermal models 
retrieved from satellites. On the other hand, regression analysis is commonly used to adjust the 
values of satellite pixels depending on field measurements. SST has already been discussed in 
several studies in the North Arabian Gulf. Some are based on thermal data from the Advanced 
Very High-Resolution Radiometric (AVHRR) with a spatial resolution of 4 km2 (Al-Rashidi et 
al., 2009; Al-Fartusi et al., 2023). Others make use of MODIS products with 1 km2 spatial 
resolution (Moradi  and  Kabiri, 2015; Barseem, 2014;  Ghanea, 2016). In addition, assorted 
studies relied on field measurements to map SST over the region (Alyamani et al., 2004). The 
study aims to use the thermal bands of Landsat 8 to estimate sea surface temperature by 
evaluating the accuracy of the “brightness temperature equation” using field data collected in 
Iraqi territorial waters in 2014 and 2022. 

 

Research Region 

In the Northwest of Arabian Gulf's, three measuring stations were selected Figure 1. The first 

station is located at the start of the Shatt al-Arab mouth, the second is at the entrance to marine 

waters, and the third station is located at the beginning of Khor Abdullah. Thus, it is distributed 

in the Iraqi territorial waters. These stations were chosen because of the scarcity of 

measurements, and if any, they are at far-apart time intervals. 

 

 

 

 

 

 

                                                        Figure 1. Study Area and Measurement Stations   

. 
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Methodology: 

Two types of measurements were used in this paper: field data and satellite images. 

Data Description and Fieldwork: 

In this study, we relied on SST-specific data that were measured at the above-mentioned 

measurement stations conducted during the study period of this research in 2022, in addition to 

data measured in 2014 by the researcher (Abdulnabi, 2016). Also, Landsat 8 satellite images were 

downloaded on the same day of the measurement, using the archive of Landsat 8 satellite images, 

from the USGS website.  

 

Data Pre-Processing: 

ENVI 5.3 software was utilized to pre-process the Landsat 8 images. Eleven bands make up 

the Landsat 8 image; the TIRS sensor's two thermal bands are among them Figure 2. The ENVI 

5.3 software function provided under radiometric calibration tools was utilized to convert digital 

numbers (primary format in which data are stored) in Landsat 8's two thermal bands into 

brightness temperature to extract the temperature of the land's surface, "including water". The 

formula below is used to calculate this function (Hamzaa et al., 2022). 

 

The following literature describes the steps included in the present  work: 

Equation (1) is used in the first step of the submitted work to convert the satellite-based digital 

number (DN) into sensor spectral radiation (Lλʹ). 

                                Lλʹ=ML *Qcal +AL………(1) 

Where: ML=  Band-specific multiplicative rescaling factor from the metadata. 

Qcal = Quantized and calibrated standard product DN value of the pixel, and AL = Band-specific 

additive rescaling factor from the metadata. 
 

In the second step, the coefficients K1 and K2 were then used to calculate the effective at-

satellite temperature. Equation (2) is the conversion equation. 

                             ……….………(2) 

K1 and K2, which are found in the metadata file associated with the satellite image, are the 

thermal constants of TIRS bands 10 and 11. The effective at-satellite temperature is denoted by 

T, in kelvin (K). 

Absolute zero is approximately equal to (-273.15), which had to be added to have the results in 

Celsius (Cο). 

The thermal infrared bands ought to be transformed to brightness temperature (BT) utilizing 

equation (3) and metadata . 

                                 BT =T - 273.15…………..(3) 
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Figure 2. The spatial resolution and atmospheric transmission range of the Landsat 8 spectral 
bands (https://usgs.gov/media/images/landsat-8-band-designations). 

 
Geospatial Analysis: 

Each measurement point is surrounded by a buffer covering 1 km2 of the Landsat 8 thermal 

image to match the two thermal bands of the satellite with the field measurements. Values 

extracted from two thermal bands for every image with the field measurements were compared 

by counting the root mean square error and the mean absolute percentage error. Statistics show 

the rate of variation between the two variables in the measurement unit being used. In this 

analysis, MAPE was expressed in percentages, whereas RMSE was expressed in degrees. The 

next formulas were utilized to compute RMSE and MAPE. 
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                             RMSE= ……………(4) 

 

                             MAPE=  ……………..(5) 

 
Where  is the field measurement value and  is the mean value of   Landsat 8 thermal bands in 

pixels, Figure 3. Displays a summary of the methodology.  
  
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
                  
                    
                          Fig. 3. Flow chart of the current study's methodology 

 
Figure 3. Flow chart of the current study's methodology 

 
Results and Discussion: 

Using measurements from field surveys and thermal images, the precision of ENVI 5.3 
software's "brightness temperature" function in extracting SST for Iraqi territorial waters using 
two thermal bands of Landsat 8 was assessed in Figures 4a, b, and 5a,b. Based on statistical 
indicators like RMSE and MAPE, it was discovered that thermal band 10 of Landsat 8 was the 
best at extracting SST compared to band 11,  northwest Arabian Gulf (Table 1), where the 
thermal band 10 precision was ±21.7 (1.79%)  and the precision of the thermal band 11 was 
±2.37 (2.49%). In 2014, with a difference ± 0.65 (0.7%).  Whilst, in 2025, it was found that the 
precision of the thermal band 10 was ± 1.7 (2.37%) and the precision of the thermal band 11 was 
±2.23 (3.13%), with a difference of ± 0.55 (0.76%). 
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This agrees with (Susilo et al., 2019), who conducted a study along the Wangi Wanji island 
coast of Indonesia and discovered that the brightness temperature value produced by the spectral 
characteristics of band 10 is higher than that of band 11. The blackbody radiation theory-based 
Planck's law curves may be to blame for this. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 

Figure 4a. The relation between thermal 
infrared band 10 and field data (2014). 

 

Figure 4b. The relation between thermal 
infrared band 11 and field data (2014). 

 

Figure 5a. The relation between thermal 
infrared band 10 and field data (2022). 

 

Figure 5b. The relation between thermal 
infrared band 11 and field data (2022) 

 



Mesopot. J. Mar. Sci., 2026, 41 (1):69-78 

76 

                       
Table 1.  RMSE, MAPE, and R2 scores 

 2014 2022 

RMSE 
MAPE 

% 
R2 RMSE 

MAPE 
% 

R2 

Thermal band 10 1.72 1.79 0.93 1.7 2.37 0.95 
Thermal band 11 2.37 2.49 0.92 2.25 3.13 0.94 

 
Conclusion: 

In this study, two years of field measurements were used to assess the precision of Landsat 8 
thermal ranges (2014 and 2022). According to the results, it is advised that Landsat 8's thermal 
band 10 be utilized to measure sea surface temperatures in the northwest Arabian Gulf when 
utilizing the function of brightness temperature. 

 
Recommendations: 

 
A. Conducting more research and studies to develop a new model with greater precision for 

monitoring sea surface temperature in this region. 
B. Using more than one measuring station distributed throughout the Arabian Gulf's northwest 

region to create a thermal map of the region. 
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