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ABSTRACT 

Computation of At-satellite temperature provides an opportunity for the detection of shallow thermal 

anomaly for geothermal exploration. At-satellite temperature is a necessary component for the 

computation of brightness temperature. The brightness temperature is derived from the inverse of Planck 

Function. Ikogosi is one of the places in Nigeria with geothermal potential but brightness temperature has 

not been computed in that region to assess temperature distribution for geothermal exploration. The result 

of the computed brightness temperature for the thermal band indicates that temperature decreases along 

SW direction of the study area and it is concordance with the average ground surface temperature. It was 

also observed that regions around Ikogosi is of temperature above 290 K while that of the vicinity is about 

200 K and it could be due to the stream in the vicinity. 
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INTRODUCTION 

Computation of at-satellite temperature provides an 

opportunity for the detection of shallow thermal anomaly for 

geothermal exploration. Planck Function is adopted for the 

calculation of radiance emitted from a Black Body like earth. 

At-satellite is a necessary component for the computation of 

brightness temperature (Chan et al., 2018; Gaudin et al. 2013; 

Gutie´rrezet al. 2012; Wu et al. 2012). The brightness 

temperature is derived from the inverse of Planck Function. 

Ikogosi is one of the places in Nigeria with geothermal 

potential but brightness temperature has not been computed 

in that region to assess temperature distribution for 

geothermal exploration. 

The entire study area covers longitude 4°E to 6°E and latitude 

6.25°N to 8.25°N. Ikogosi Warm Spring is located at latitude 

7°35′38.9″, longitude 4°58′52.6″ and at an (average) elevation 

of 479 m above mean sea level (msl). The study area is 

underlain by a group of slightly migmatised to non-

migmatised paraschists and meta-igneous rocks (figure 1). 

This group contains rocks which have been previously 

described as being younger or newer metasediments derived 

from Effon Psammite Formation and associated epidiorite 

schist and amphibolite complex. The Effon Psammite 

Formation (De Swardt, 1958; Caby and Boessé, 2001) 

comprises quartzites, quartz schists and granulites which 

occur largely east of Ilesha and run for nearly 180 km in a 

NNE-SSW direction

. 

 
Fig. 1: Geological map of the study area. 
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This work aims to investigate the temperature distribution of the study area by computing the brightness using the thermal 

infrared band of Landsat 8 data. 

 

MATERIAL AND METHODS 

Landsat 8 data for the scene covering the study area was 

downloaded from USGS website and ENVI software was 

extensively used for the entire procedure in this work which 

includes; radiometric calibration, at-satelite temperature 

calculation and brightness temperature calculation. 

Image data may have either radiometric or geometric or both 

types of distortions. These distortions could be caused by 

sensor and plate, form errors during data acquisition. 

Therefore, before any analytical processing of satellite image, 

it has to be corrected for these distortions. This pre-processing 

operation is called image restoration or rectification (Thomas 

and Ralph, 1994).  

The acquired Landsat 8 data was in the form of digital number 

(DN), necessitating its conversion to the top of the 

atmosphere (TOA) radiance otherwise known is radiometric 

calibration. This was done according to formulas from the 

Landsat 8 Science Data Users Handbook using ENVI 

software. Equation1 developed by the USGS was used to 

compute the spectral radiance from DN value of TIRS data of 

Landsat 8 (USGS, 2015). 

𝐿𝜆= 𝑀𝐿𝑄𝑐𝑎𝑙+ 𝐴𝐿     

    1 

Lλ = Spectral radiance (W/(m2srµm)).  

ML = Radiance multiplicative scaling factor for the band 

(RADIANCE_MULT_BAND_n from the metadata).  

AL = Radiance additive scaling factor for the band 

(RADIANCE_ADD_BAND_n from the 

metadata).  

Qcal = Level 1 pixel value in DN.  

The scene calibration data highlighted in table 1 below are 

essential for radiometric calibration. They are retrieved from 

the metadata file that was download with the Landsat8 scene.  

 

Table 1: LANDSAT 8 Radiance Scale Factors 

BAND NUMBER ML AL 

BAND 10  3.3420E-04 0.10000 

BAND 11 3.3420E-04 0.10000 

Sensor Brightness Temperature   

Brightness temperature (BT) is the microwave radiation radiance traveling upward from the top of Earth's atmosphere. To 

compute BT of an area the TOA spectral radiance of (Lλ) is needed and has been calculated in equation 1 above. BT for both 

the TIRs bands was calculated by adopting the following formula (USGS, 2015):  

𝑇 = 
K2

ln⁡(
K1

Lλ
+1)

         2 

Where, K1 and K2 - thermal conversion constant which varies for both TIR bands (table 2)  

Lλ = Top of Atmospheric spectral radiance (Wm-2sr-1µm-1). 

T = Top of Atmosphere Brightness Temperature, in Kelvin.  

 

Table 2: Thermal constant value of K1 and K2 

Thermal Constant Band 10 Band 11 

K1 774.8853 1321.0789 

K2 480.8883 1201.1442 

 

RESULT AND DISCUSSION 

TOA radiance for TIR bands was calculated and the result is as shown in figure 2 a and b, and Table 3 highlights the statistic 

of the result. 
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Figure 2 a: Radiance map of study area for band 10, the point mark X represents Ikogosi warm spring. 

 

 
Fig. 2 b: Radiance map of study area for band 11, the point mark X represents Ikogosi warm spring. 
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Table 3: Statistics of radiance for bands 10 and 11 

Band Minimum Maximum Mean SD 

Band 10 0.100000   8.925220 4.505154 2.994511 

Band 11 0.100000  7.782255 4.228131 2.782075 

 

The geothermal manifestation within the study area is bordered by regions of high radiance while the vicinity is characterized 

by low radiance in both TIR bands. This could be occasioned by the presences of streams that source water from the springs. 

The result of brightness temperature computed for TIR bands 10 and 11 are as shown in figure 3 a and b below and the statistics 

of the result is shown in table 4 below. 

 
Fig. 3 a: Top of Atmosphere Brightness Temperature map for band 10, the point mark X represents Ikogosi warm spring. 
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Figure 3 b: Top of Atmosphere Brightness Temperature map for band 11, the point mark X represents Ikogosi warm spring. 

 

Table 4: Statistics of brightness temperature for bands 10 and 11 

Band Minimum Maximum Mean SD 

Band 10 147.517090 K 300.137115K 239.398301 K 61.509098 K 

Band 11 141.670624 K 294.195160 K 236.134609 K 63.182204 K 

 

Regions around the geothermal manifestation are of high temperature most especially the NW and SE of the warm spring. 

The result was compared with a map of annual average ground surface temperature (figure 3) and it was observed that the 

temperature distribution pattern is in agreement thereby validating the result of the brightness temperature. 
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Fig/ 4: Map of annual average ground surface temperature (After Schoeneich 1998). The square box represents the study area.  

 

CONCLUSION 

The result of the computed brightness temperature for the 

thermal band, which ranges from 141 K 300 K, indicates that 

temperature decreases along SW direction of the study area 

and it in concordance with the average ground surface 

temperature.  

It was also observed that regions around the Ikogosi is of 

temperature above 290 K while that of the vicinity is about 

200 K and it could be due to the stream in the vicinity. 
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