
Utskifting av 
bakgrunnsbilde:

- Høyreklikk på 
lysbildet og velg 
«Formater 
bakgrunn»

- Under «Fyll», velg 
«Bilde eller tekstur» 
og deretter «Fil…»

- Velg ønsket 
bakgrunnsbilde og 
klikk «Åpne»

- Avslutt med å velge 
«Lukk»

Use of satellite measurements 
for operational forecasting of 
volcanic ash in norwegian 
airspace
SAT-VOLC project, Copernicus meeting, 22-10-2020
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Problem

• Is it safe to fly?

• Which latitude/longitude?

• Which altitude?

• What time?
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Eyjafjallajökull image: Wikipedia user Árni Friðriksson CC BY-SA 3.0
Satellite image: NASA, public domain
Sykefly: Avinor Harstad Narvik Lufthavn
Flight radar: BBC, Volcanic ash: Flight chaos to continue into weekend, Friday, 16 April 2010 21:24 UK

https://commons.wikimedia.org/w/index.php?title=User:%C3%81rni_Fri%C3%B0riksson&action=edit&redlink=1


Estimating ash emissions 1/2
● Uneducated guess

○ “Pick a number based on personal experience”

● Educated guess
○ Look at historic eruptions and try to find a “similar eruption”. 
○ Measure deposited ash (on ground - little time information)
○ Measure ash cloud height (planes, radar)
○ Measure air concentrations of ash (air filtering stations)
○ Estimate ash content in atmosphere (satellite images)
○ … 
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USGS photograph by A. Diefenbach Eyjafjallajökull 2010



Estimating ash emissions 2/2

● Educated estimate
○ Create proxy models for eruption (e.g. work of (Mastin et al., 2009))

■ Based on observations of ash cloud height

○ Inversion methods
■ Based e.g., on satellite images
■ Try to find the eruption that matches satellite image

5

Mastin et al 2009Seviri ash detection satellite image 2010



Source-receptor matrix inversion

6

Initial guess (a priori)

Satellite 
observations

Unit emission 
simulations

Educated estimate (a posteriori)

Source-receptor matrix



Unit emission simulations
● For each time point: simulate 1 unit of ash 

emitted at different altitudes

● Find the combination of these emissions that 
match “best” with the satellite images
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Satellite images 1/2
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Not sure 
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Satellite images 2/2
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Initial eruption estimate

• Based on ash cloud top observations and e.g., formula of 
Mastin et al.
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Source-receptor matrix
• Each row corresponds to one 

observation

• Each column corresponds to one 
emission timepoint and altitude

• Millions of observations (around 
1000 satellite images)

• Thousands of a priori estimates 
(around 6000)
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A posteriori estimate
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SAT-VOLC: Altitude information
● Aim of project is to include altitude information from satellite images!

○ Sentinel-3 has the SLSTR instrument which can estimate top of ash cloud

● Elegant approach: Split every observation into two observations
○ Ash up to ash cloud top
○ No ash above ash cloud top
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Eyjafjallajökull image, Ecosystem Restoration for Mitigation of Natural Disasters, Halldórsson et al., 2017

Ash

No ash



Sentinel-3 SLSTR instrument

• Launched 2016-02-16
• Lifetime 7 years
• Launch weight: 1250 kg

• SLSTR (Sea and Land Surface Temperature Radiometer) will determine 
global sea-surface temperatures to an accuracy of better than 0.3 K

• SLSTR has dual-view capabilities which can be used to estimate altitude 
of ash cloud top
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Satellite image: User SkywalkerPL on Wikimedia, CC BY 4.0
Sentinel-3 swath width image: ESA

https://commons.wikimedia.org/wiki/User:SkywalkerPL


Add more equations to matrix

• By splitting each observation into ash / no ash, we get two 
equations per observation
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Results - adding altitude
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Altitude = synthetic truth ash cloud top

Altitude = half synthetic truth ash cloud top



Operational use at Met

● Currently the operational inversion procedure at Met
○ Testing with June 2019 Raikoke eruption ongoing

● Inversion procedure for over 1 month of Eyjafjalla takes around 
24-48 hours
○ 5-10 hours to simulate forward runs (on Nebula supercomputer)
○ 56.5 million observations matched with 6061 emissions
○ Corresponds to a matrix of around 72 gigabytes of non-zeroes
○ Clever reformulation stores matrix as a small 6061x6061 matrix
○ Inversion can run on your laptop!

● Smaller cases runs in a few hours. 
○ Most time spent on forward simulations
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Results and future work

● Paper on arXiv
○ https://arxiv.org/abs/2005.09942 

● Sourcecode archived on Zenodo
○ https://zenodo.org/record/3859884 

● Data archived on Zenodo
○ https://zenodo.org/record/3855526
○ https://zenodo.org/record/3818196

● RCN proposal submitted!
Inverse Methods for Accurate Source 
Term Estimation

○ NILU and Met UK involved
○ Researcher project
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