
Exploring the Capability of Future SBG-TIR Mission for Volcanic Ash and SO2 Retrievals

Introduction: The SBG-TIR (Surface Biology and Geology – Thermal InfraRed) mission is the 
result of a collaboration between NASA/JPL and ASI, that will produce a new sensor which 
is scheduled for launch in 2027. The payload consists of a thermal sensor, with 8 channels 
in the 3.9-12.0 µm spectral range, and a visible camera with two channels positioned at 
655 (red) and 835 (near infrared) nm. The TIR instrument will have a ground spatial 
resolution of about 60 m at nadir and a revisit time of about 3-days. In the sphere of 
THERESA (THErmal infRarEd SBG Algorithms) project, the capability of the future SBG-TIR 
mission for volcanic ash and SO2 retrievals has been studied.
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Methods: Creation of 4 synthetic images (TOA Radiances) using MODTRAN RTM [Berk et al., 2004] : 

Conclusions:
• For the SO2 retrieval, the TIR-2 band (8.6 µm) is better than TIR-1 (8.3 µm) as we expected.
• For the Ash retrieval, the 3 pairs have quite similar errors, so all the 3 bands TIR-4 (10.3 µm), TIR-5 (11.3 

µm) and TIR-6 (12.0 µm) are suitable. 
• The minimum SO2 VCD retrievable from SBG-TIR is about 0.5-1 g/m2 (using 8.6 µm band).
• The minimum Ash VCD retrievable from SBG-TIR is about 0.1-0.3 g/m2

• The results are encouraging and confirm the possibility of obtaining reliable quantitative estimates of 
volcanic ash and SO2 from the future SBG-TIR sensor.

References:
• Berk, A.; Cooley, T.W.; Anderson, G.P.; Acharya, P.K.; Bernstein, L.S.; Muratov, L.; Lee, J.; Fox, M.J.; Adler-Golden, S.M.; 

Chetwynd,J.H.; et al. MODTRAN5: A Reformulated Atmospheric Band Model with Auxiliary Species and Practical Multiple Scattering 
Options;Comeron, A., Carleer, M.R., Picard, R.H., Sifakis, N.I., Eds.; Maspalomas: Canary Islands, Spain, 2004; p. 78 

• Corradini S., Merucci L., and Prata A. J.: Retrieval of SO2 from thermal infrared satellite measurements: correction procedures for 
the effects of volcanic ash, Atmos. Meas. Tech., 2, 177–191, https://doi.org/10.5194/amt-2-177-2009, 2009.

• Pugnaghi S., Guerrieri L., Corradini S., Merucci L.: Real time retrieval of volcanic cloud particles and SO2 by satellite using an 
improved simplified approach. Atmos Meas Tech 9:3053–3062. https://doi.org/10.5194/amt-9-3053-2016, 2016.

Acknowledgments:
• This work was funded and developed in the sphere of ASI-THERESA (THErmal infRarEd SBG Algorithms) Project.

ESA Living Planet Symposium - Vienna 23-27 June 2025

BTD vs Tb11
curves

MODTRAN

Satellite Image
(8.7, 11, 12 µm)

LUT Procedure
Ash:

AOD, Re , 
VCDa  

• Ash type
• Satellite sensor (SRF) 
• Meteo Profile (P,T,H) 
• Surface temperature
• Surface Emissivity
• Plume Height & 

Thickness

Plume Mask

8.7 µm 
Radiance 

Minimization

LUT
(8.7, 11, 12 µm)

SO2: VCDs 

Bilinear 
Interpolation

8.7 µm Ash 
correction

• The accuracy of LUTp is generally better than VPR but it depends strongly on the capability to simulated 
as well as possible the conditions of the scene collected from satellite. 

• The time of processing is about 3-4 hours for LUTp and a few seconds for VPR. 
• The number of VPR input parameters is less than LUTp.
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Mt. Etna “degassing” situation (images #1 & #3):
- Winter & Summer (13 Jan 2023 / 6 Aug 2023)
- plume layer placed between 3-3.5 km asl height
- 25 AOD log spaced values: 0.1-1.0
- 25 Re log spaced values: 1-10 μm
    625 Ash VCD values: 0.1-16.5 g/m2

- 67  SO2 VCDs values: 0.1-20 g/m2

- 11 VZA values: 0-50 deg
- SST = 290 – 300 K

SBG TIR 
Bands

Center Wavelength 
(µm)

TIR-1 8.32

TIR-2 8.63

TIR-3 9.07

TIR-4 10.30

TIR-5 11.35

TIR-6 12.05

 Mt. Etna “eruptive” situation (images #2 & #4):
- Winter & Summer (13 Jan 2023 / 6 Aug 2023)
- plume layer placed between 9-10 km asl height
- 25 AOD log spaced values: 0.5-5.0
- 25 Re log spaced values: 1-10 μm
   625 Ash VCD values: 0.7-82.5 g/m2

- 67 SO2 VCDs values: 0.1-20 g/m2

- 11 VZA values: 0-50 deg
- SST = 290 – 300 K

Two different algorithms, both working in the TIR range, have been used: Look-Up-Table procedure (LUTp, Corradini et al., 
2009) and Volcanic Plume Retrieval (VPR, Pugnaghi et al., 2016). Both procedures are able to retrieve the ash aerosol 
optical depth (AOD), the ash effective radius (Re) and the vertical column density of ash (VCDa) and SO2 (VCDs) inside a 
volcanic cloud. Both LUTp and VPR have so far been successfully applied to several TIR satellite sensors such as MODIS (on 
Terra & Aqua platform), SEVIRI (on Meteosat Second Generation), SLSTR (on Sentinel-3).

Results: All the outputs of LUTp and VPR have been 
compared with true simulated values, obtaining the 
relative errors, by considering six different SBG-TIR 
bands triplets (channels 1-4-5, 2-4-5, 1-4-6, 2-4-6, 1-5-6, 
2-5-6). 

For LUTp we considered a “REALISTIC” case: we introduced some errors simulating a 
real situation where the atmosphere, the plume geometry and the surface 
temperature are not perfectly known (January and August Monthly Mean 1991-2020, 
the plume height was set to 3 +/- 0.5 km for degassing, 9 +/- 1 km for eruptive images, 
SST = 290 +/- 2 K (winter); 300 +/- 2 K (summer).

For VPR we considered an error on the plume altitude of +/- 0.5 km for degassing and 
+/- 1 km for eruptive images.

Image #1 (Winter Degassing) TIR-5 & TIR-2 Bands

Sensitivity Study: considering an accuracy of 0.5 K for all the SBG TIR Bands used, we 
estimated the minimum ash & SO2 contents measurable from SBG  
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Image #4 (Summer Eruptive) TIR-5 & TIR-2 Bands
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