
Monitoring of Mt. Erebus Volcano using Landsat 
Thermal Infrared Band and Short Wave 

Infrared Band 

Esha K. Shah#1, P. Jayaprasad P#2, M.E. James#1 
#1Department of Physics, School of Sciences, Gujarat University, Ahmedabad, Gujarat 380009 

#2Space Applications Centre (ISRO), Jodhpur Tekra, Ahmedabad 380015 

 

1eshu7456@gmail.com 

 
Abstract— Mount (Mt.) Erebus is known to be the most hazardous and hostile southernmost active volcano in Antarctica. Thus due to 
adverse weather conditions and high elevation, frequent in situ observations are not possible. Landsat satellite data provides high 
resolution images in Thermal Infrared (TIR), Near Infrared (NIR) and Short Wavelength Infrared (SWIR) band (30 m/pixel) which 
is required for monitoring volcanic activities around Mt. Erebus. TIR images over Mt. Erebus give an intrigued relationship between 
brightness temperature (BT) and surface feature identification. The differences in BT around Mt. Erebus are due to presence of 
volcanic activity. TIR data taken from 2000-2016 is studied for obtaining relationship between BT patterns and different ice, rock and 
volcanic features over Mt. Erebus. Also using three band combination of NIR and two SWIR bands active Lava Lake present at Mt. 
Erebus crater can be precisely monitored.  
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I. INTRODUCTION 

Mt. Erebus, situated on Ross Island, Antarctica is the most active volcano that has played host to an active lava lake in the 3794 m high crater 
since 1972 [1]. Thus, for studying the volcanic activities going on at the surface of crater proper monitoring is necessary. Lack of field 
observations due to frosty weather conditions and high altitude will lead to remote monitoring through space borne sensors. In the present 
study to study BT as well as characterisation of surface features multispectral images from Landsat satellite is used. 

For studying volcanic activities, high spatial as well as high temporal resolution are required, but only one can be achieved at a time. The 
Enhanced Thematic Mapper Plus (ETM+) on-board Landsat 7 and Thermal Infrared Sensor (TIRS) on-board Landsat 8 provides high spatial 
resolution (30 m/pixel) which is required for detection of various surface features. Landsat 8 is better than its predecessor as it offers strip free 
data.  

The TIR data obtained from Landsat can be converted to BT with the help of Planck’s law. Assuming that the surface is a blackbody, the 
resulting temperature estimate is known as a brightness temperature (BT), which varies with wavelength [2]. With the help of this BT data 
characterization of various surface features of are around Mt. Erebus is done. The temperature difference between crater and surrounding cone 
is the main objective of study in this paper.  Moreover, the temperature differences between rocks, ice, glaciers and ice-shelf is also studied. 
Such monitoring can be used to provide guidelines for specific studies in areas where the ice cap suffered more extensive thinning, helping 
measure the rate of ice melting [3].   

A three band (Red, Green, Blue (RGB)) image of NIR and two SWIR bands of Landsat facilitates in identifying molten lava lake present at 
Mt. Erebus crater. For further recognition of features, unsupervised classification is performed. The classified image is then further analysed 
for various surface feature extraction.  

II. STUDY AREA AND DATA USED 

Mount Erebus (77o32’S, 167o10’E, 3794 m) is a stratovolcano situated on Ross Ice-Shelf, Antarctica. The first sighting of the volcano was in 
1841 (Ross, 1847), with a lava lake having been observed in the active crater since 1972 [4]. 

 

Mt. Erebus is known to be a young volcano that was formed about 1.3 million years ago. The arid, polar climate in which the volcano is situated 
suppresses cloud cover and, coupled with the volcano’s constant activity, make Mount Erebus an ideal target for developing space-based 
thermal monitoring techniques of active volcanoes [5].  
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 Landsat 7 and Landsat satellite has been continuously collecting data with 30 m resolution in SWIR1, SWIR2, NIR and TIR bands over Earth’s 
surface. For Landsat 7 images spectral bands have wavelengths, 1.57 - 1.75 (SWIR 1), 2.09-2.35 (SWIR 2), 0.77-0.90 (NIR) and 10.40-12.50 
(TIR). For Landsat 8 we have two thermal bands, with wavelengths 1.57 - 1.65 (SWIR 1), 2.11 - 2.29 (SWIR 2), 0.85 - 0.88 (NIR), 10.60 - 
11.19 (TIR 1) and 11.50 - 12.51 (TIR 2). Sixteen scenes of Landsat from 2000-2016 were downloaded from the USGS Earth Explorer Website. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1 (a) Location of Mt. Erebus in Antarctica (b) Landsat image of Mt. Erebus with active crater. 

 
III. METHODOLOGY 

In our present research, we have applied two simple methods for detection of different surface features. One is finding the brightness 
temperature from the thermal band and other is three band combinations of NIR and two SWIR bands. 

I. Brightness Temperature (BT) 

Brightness temperature is the temperature calculated by considering the emitted radiation coming from a black body having emissivity equal 
to 1, which is given by following equation. BT can simply be obtained by applying inverse of Planck’s equation as follows [6]; 
 

𝐵𝑇 =
𝐶

𝜆 ln
𝐶

𝐿  𝜆
  +  1                (1)

 

 
Where,  
BT = At-satellite brightness temperature in Celsius  
λ = spectral wavelength (µm) 
Lλ = Spectral Radiance (Watts/ (m2*srad*µm))   
C1 = Calibration constant 1 
C2 = calibration constant 2 
 

BT may vary with wavelength. BT is considered in cases were emissivity profile of the image is not clearly known. In case of cloud free 
atmosphere, BT is almost equal to surface temperature (emissivity = 1). Now in our case, we first will have to convert Digital Number (DN) 
to Spectral Radiance (Lλ). This can be done by using equation; 

 

𝐿  =   𝑀 𝑄 + 𝐴                   (2) 

Where, 

Lλ = Spectral Radiance (Watts/ (m2*srad*µm))  
ML = Band-Specific Multiplicative rescaling factor from metadata  
Qcal = Quantized and calibrated standard product pixel value DN  

17 Dec 2002 

(a) (b) 
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AL = Band-Specific additive rescaling factor from metadata   

Placing equation (2) in (1), BT can be calculated. For conversion from DN – Spectral Radiance – BT, we used software ArcGIS 10.4.2 and 
Erdas Imagine 15.  

II. THREE BAND COMBINATION METHOD 

Primarily, layer-stacking of NIR and two SWIR bands is done by forming a RGB image of three bands, which gives better understanding for 
characterization of volcanic features. Then unsupervised classification is done to extract surface features.  

 

IV. RESULTS AND DISCUSSION 

With the help of Landsat SWIR and TIR data characterization of volcanic features done as follows. 

I. Brightness Temperature (BT) 

BT calculated from radiance of the Thermal Infrared Sensor is shown in Fig 2. Landsat thermal scenes were taken from 2001-2016, for 
calculation of brightness temperature.  

From Fig 2, we can make a broad classification of features. Red and yellow colour highlighted in the middle part of the image shows lava lake 
present at the Mt. Erebus crater. It shows high temperature. Pink and white shades represent very low temperatures around Mt. Erebus which 
is due to snow and ice accumulated on it. Green and yellow colours correspond to rocks. 

Presence of volcanic activity at the surface of crater in the years 2004, 2006 and 2008 can be observed because of high BT. High value of BT 
results into high pixel value which is represented by red colour. Thus BT helps in monitoring of active lava lake existing on the surface of Mt. 
Erebus crater.  

From minimum and maximum values of BT we can calculate the average value of BT from 2001-2016. The graph representing the min and 
max values is shown in Fig 3. The average maximum and minimum brightness temperatures from 2001 to 2016 are 23.220C and -370C 
respectively. Maximum temperature is observed at the surface of the crater were molten lava lake is present. 
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Fig 2: BT images of Mt. Erebus from 2000-2016 
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Fig. 3 Graph representing BT profile from 2001-2016 

 

 
II. THREE BAND COMBINATION METHOD 

In this method we have formed an RGB image of SWIR 1, SWIR 2 and NIR bands. It can be clearly seen from Fig 3 that hot pixels are assigned 
yelow and red colour which is due to presence of active molten lava lake at the surface of the crater. Snow and Ice are of blue shades whereas 
brown colour represents rocks. Grey and its bright shades represent clouds. 
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Fig. 4 RGB image of SWIR1, SWIR2 and NIR bands of Landsat satellite 
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V. CONCLUSION 

With the help of BT and three band combination method, extraction of features of active volcano is carried out. Direct correlation between BT 
and surface features. Various features like snow/ice, rocks, lava lake could be clearly extracted using BT data. In three band combination 
method we accomplish that high temperature at the time of volcanic activity in the surface of crater is responsible for red and yellow colour of 
lava lake. This lava lake can be clearly distinguished by both the methods. Volcanic activity present at the surface of crater has impact on 
climate change at Ross Ice Shelf. Numerous huge ice bergs have been calved from Ross Ice Shelf since 2000. Huge amounts of greenhouse 
gases are also released during eruption which lead to significant rise in surface temperature. 

ACKNOWLEDGEMENT 

Authors are thankful to SAC, ISRO for providing research grant under MOP-III program.  Authors acknowledge DST and UGC for the financial 
assistance extended to the Physics Department under FIST and SAP. The authors express their sincere gratitude to Shri. Tapan Misra, Director, 
SAC for his inspiration and encouragement in this study. We are also thankful to Dr. Raj Kumar, Deputy Director, EPSA for his support and 
the keen interest in this study. The support extended by Prof. P. N. Gajjar, HOD, Department of Physics, School of Sciences, Gujarat University 
and the guidance provided by Smt. Arundhati Misra, GD, AMHTDG and Deepak Putrevu, Head, MTDD, AMHTDG are greatly acknowledged.  

   
REFERENCES 

 

[1] Peters, N., Oppenheimer, C. and Kyle, P., 2014. "Autonomous thermal camera system for monitoring the active lava lake at Erebus volcano, 
Antarctica". Geoscientific Instrumentation, Methods and Data Systems, 3(1), 13-20. 

[2] Realmuto, V., Hook, S., Foote, M., Csiszar, I., Dennison, P., Giglio, L., Ramsey, M., Vaughan, R.G., Wooster, M. and Wright, R., 2011. 
"HyspIRI high-temperature saturation study", JPL Publication, California. 

[3] Kitajima, L.F.W. and de Mello Baptista, G.M. 2014. "Seasonal Behavior of the Surface Features in Ross Island, Antarctica, by Means 
Aster’Land Surface Temperature Data". Revista Brasileira de Geografia Física, 7(2), 222-233. 

[4] Murphy, S.W., de Souza Filho, C.R. and Oppenheimer, C.M.M. 2011. "Monitoring the spatial extent of thermal anomalies at Mount Erebus 
(Antarctica)", Anais XV Simposio Brasileiro de Sensoriamento Remoto - SBSR, Curitiba, PR, Brazil, 6034-6041. 

[5] Harris, A. J. L., Wright, R., & Flynn, L. P. (1999). "Remote monitoring of Mount Erebus volcano, Antarctica, using polar orbiters: progress 
and prospects". International Journal of Remote Sensing, 20(15-16), 3051-3071.  

[6] Blackett, M. 2014. "Early Analysis of Landsat-8 Thermal Infrared Sensor Imagery of Volcanic Activity," Remote Sensing 6(3). 2282-2295. 

 

 

 

  

 

International Journal of Scientific Research and Review

Volume 8, Issue 2, 2019

ISSN NO: 2279-543X

Page No: 645




