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Hazard related to volcanic clouds 
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Volcanic ash 
 <2 mm and as fine as 1 μm  

Impact both  
the vicinity and far  

from the source 

Burial of buildings 

Health hazard 

Aviation hazard 
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Hazard related to volcanic clouds 
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The suspect profile: what we want to know 

 DISPERSION 
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 ALTITUDE 

INTRODUCTION 



Dispersion and altitude estimation 
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hyperspectral UV and IR sensors photogrammetry 

CALIOP lidar 

INTRODUCTION 



When GNSS RO comes into place 
 CALIOP lidar 
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 GNSS RO 

INTRODUCTION 

 And on thermal effect of volcanic eruptions 

  

  

 Successful on convective clouds’ altitude 

  

 200 m vertical resolution UTLS  60 m vertical resolution 

  Low spatial and temporal resolution 



When GNSS RO comes into place 
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GNSS RO 

Wide spatial and temporal coverage 
Public and private missions 

INTRODUCTION 

 CALIOP lidar 

60 m vertical resolution 

  Low spatial and temporal resolution 



Can GNSS RO be used 
as an operational tool 
in volcanic cloud 
monitoring? 
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Kasatochi eruption 2008 – Case study 
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07 August 2008 

3 large explosions within 6 hours 

314 m above sea level 

Aleutian arc 

Eruptive column up to 14 km 

0.3-2.7 Tg SO2 & 0.3-0.5 Tg ash 

detected for 4 months 

CASE STUDY 



A team effort: AIRS 
IASI GOME CALIOP RO 

 Maps of the volcanic cloud 
◦ AIRS, IASI and GOME IR & UV acquisitions 
◦ Different times and locations 
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 Cloud altitude estimation 
◦ RO bending angle anomaly 

 Cloud altitude validation 
◦ CALIOP lidar backscatter acquisitions 

  



Collocation round 1 – cloud maps 
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AIRS SO2 

12 hours & 0.2° 

2348  
RO profiles 

METHODOLOGY 



Collocation round 2 – altitude validation 
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12 hours & 0.2° 

12  
RO profiles 

CALIOP tracks 

3700 collocated  
RO profiles 

AIRS IASI GOME 

CALIOP tracks 

28 collocated  
RO profiles 

METHODOLOGY 



Estimating the 
volcanic cloud altitude 

Total climatology on 10° latitude bands 

o Calculate the banding angle anomaly 

o Select peaks with prominence > 5% above 10km 
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Validating the altitude estimations 
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Measuring top and bottom based 
on pixel backscatter values 

METHODOLOGY 



Validating the altitude estimations 
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RO vs. CALIOP 
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RO vs. CALIOP error analysis 
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Advantages and limits 
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 It’s a blind technique 
◦ Volcanic or meteo-cloud? 

 Large potential 
spatial and temporal 

coverage 

 Validation from only ONE available 
lidar 

◦ small number of observations  

 Increasing the collocation precision  
◦ Increases the estimation accuracy 

◦ Decreases the number of observations 

DISCUSSION 



Future work 
 The launch of new missions will provide 
wider coverage 
◦ Potential for detecting smaller eruptive 

clouds 

 Volcanic clouds database 

 Within the WMO SCOPE  
◦ Potential for training a neural network for top 

cloud estimation  
◦ Comparison and validation with other 

different available algorithms  
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Take home message 
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GNSS RO potential operational 
tool  

Complementary to current 
volcanic cloud imagery 

methodologies 

CONCLUSIONS 



Thank you! 

 Cigala, V., Biondi, R., Prata, A.J., Steiner, 
A.K., Kirchengast, G., and Brenot, H., 
(2019).  

 GNSS radio occultation advances the 
monitoring of volcanic clouds: the case 
of the 2008 Kasatochi eruption.  

 Remote Sensing, 11(19), 2199; 
https://doi.org/10.3390/rs11192199 
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Extra slide – 
climatology  

 10° latitude bands 

 vs. 

 2.5 ° x2.5 ° grid 
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Extra – double passage of CALIOP 
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Extra slide – 
outliers  
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Analysis of the impact on climate 
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 Analysis of the thermal structure of 
the atmosphere after eruptions of 
at least VEI >3 via the residuals’s 
analysis. 

  

 Merapi, Tengger and Tungurahua 
erupted in November 2010 within 
15 days. 
 
For 7 months  observable 
warming of the low stratosphere at 
low latitude 
◦ Peak warming after 4 months 
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Credit: Elżbieta Lasota 



Hazard related to volcanic clouds 
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Volcanic ash 
 <2 mm and as fine as 1 μm  

Impact both  
the vicinity and far  

from the source 

Aviation hazard 
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