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MAX-DOAS measurement

detector

Volcanic gases:

 H2O, CO2, SO2, halogens, ….

Scattered sun radiation 
as light source
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Simple Light Path Assumption

detector

Volcanic gases:

 H2O, CO2, SO2, halogens, ….

Scattered sun radiation 
as light source
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Radiative Transport
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Radiative Transfer Theory
absorption and scattering coefficients

Lambert-Beer law

- attenuation by scattering 
and absorption



K. Bigge IUP Heidelberg 6

Radiative Transfer Theory

● Non-linear → only numerically solvable, inverse modelling

absorption and scattering coefficients

dimensionless scattering function

scattering into light path

Lambert-Beer law

- attenuation by scattering 
and absorption
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Monte Carlo Atmospheric Radiative 
Transfer Model (McArtim)

3D modelling!

McArtim :  T. Deutschmann et al.: The Monte Carlo atmospheric radiative transfer model McArtim: Introduction and 
validation of Jacobians and 3D features. Journal of Quantitative Spectroscopy and Radiative Transfer, 112, 2011.

detector

Voxels with 
scatterers and 

absorbers
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Complications for RT in volcanic plumes

Light dilution
→ lower SCD

Multiple Scattering
→ higher SCD

 Also, light path shortening due to high absorber load 



K. Bigge IUP Heidelberg 9

Examining a simple Plume

plume cross section

Measurement instrument

Plume extends several km perpendicular to image
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Geometrical considerations

2.5 km
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Geometrical considerations

4 km 2.5 km
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Geometrical considerations

4 km 2.5 km
1 km
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From Scan to Flux (as done in NOVAC)

→ high emphasis on signal seen at low angles
(problem is known and being worked on)
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Geometrical considerations

4 km 2.5 km
1 km

525 t/day

515 t/day

555 t/day

= 500 t/day
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Examining a simple Plume

Geometrical results
McArtim results

(no aerosol!)
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Examining a simple Plume

light dilution

Geometrical results
McArtim results

(no aerosol!)
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Examining a simple Plume

light dilution

asymmetry

Geometrical results
McArtim results

(no aerosol!)
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Examining a simple Plume

light dilution

asymmetry

Signal next 
to plume

Geometrical results
McArtim results

(no aerosol!)
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Choosing the Evaluation Region

Geometrical results
McArtim results
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Choosing the Evaluation Region

Geometrical results
McArtim results
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Choosing the Evaluation Region

Geometrical results
McArtim results
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Choosing the Evaluation Region

Geometrical results
McArtim results
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AOD = 12
AOD = 0.1
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Conclusions

 Need full plume modelling for RT investigation of flux 
measurements -  contributions also from 
measurement angles not geometrically seeing the 
plume!

 Multiple scattering can partly compensate light 
dilution (even without aerosols)

 Further modelling necessary – wider aerosol range, 
background aerosols, plume forms
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Thank you for listening!
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Influence of sampling positions 

Sampling resolution of 3°, shifting by 0.05°, geometrical results
Input is 546 t/day (cross section * wind speed)

geometric calculation
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Percentage of McArtim results w.r.t. 
geometrical results
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Measurements & Modelling

Campaign:
June 2014

Etna and Stromboli
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11.7. (d = 3326 m)  11.7. (d = 1213 m
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Plume Creator (for McArtim)
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11.7. (measurement)

11.7. (model)11.7. (model)

11.7. (measurement)
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8.7.

yellow: d = 2277 m red: d = 3603 m h plume a.s.l.: ~2300 m



K. Bigge IUP Heidelberg 44

8.7. (d = 2277 m)
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8.7. (d =  3603 m)
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8.7. (d =  3603 m)

8.7. (d = 2277 m)
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9.7.

yellow: d = 3318 m red: d = 4532 m h plume a.s.l.: ~4000 m
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9.7. (d = 3318 m)
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9.7. (d = 4532 m)
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9.7. (d = 4532 m)

9.7. (d = 3318 m)
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10.7.

yellow: d = 2970 m red: d = 526 m  h plume a.s.l.: ~2000 m
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10.7. (d = 2970 m)
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10.7. (d = 526 m)
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10.7. (d = 2970 m)

10.7. (d = 526 m)
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11.7.

yellow: d = 3326 m red: d = 1213 m  h plume a.s.l.: ~1700 m
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11.7. (d = 3326 m)  
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11.7. (d = 1213 m)
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11.7. (d = 3326 m)  11.7. (d = 1213 m)
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Plume 1/a/I



K. Bigge IUP Heidelberg 63

Plume 2/b/II
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Plume 3
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Plume 4
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Modelling results

Plume 4
Plume 1

Plume 3

Plume 2 aerosol OD 0.1,1,10

Plume II

Plume I

Plume A

Plume B
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Mathematical Correction
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Examining a simple Plume

plume cross section

Measurement instrument

Plume extends several km perpendicular to image

SZA 66.14°, SRAA 105.93°
Instrument azimuth 0°
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