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Introduction 
 

While shorter in duration than the Eyjafjallajökull eruption in 2010, 

the eruption of Grimsvötn in May 2011 released a significant 

amount of sulphur dioxide (SO2) to the atmosphere. Unlike the 

volcanic ash cloud, which was transported over the Northern 

Europe, SO2 was mainly observable using satellite instruments. 

 

This study aims to estimate the amount of SO2 released using an 

Eulerian dispersion model and the observations by the Ozone 

Monitoring Instrument (OMI) onboard the Aura satellite. 

Observations and the dispersion model 
 

The level 2 OMI STL sulphur dioxide product was used as the 

observational input in this study. The data were screened for the 

OMI row anomalies, and furthermore, only pixels with zenith 

angle less than 80° were included. The STL product assumes a 

17.5 km centre of mass altitude of the plume. 

 

The dispersion of the volcanic SO2 plume was assessed with the 

SILAM dispersion model (Sofiev et al., 2006) driven by the 

meteorological fields from the ECMWF operational forecasts. The 

model includes the removal of SO2 due to wet and dry deposition, 

and due to oxidation in gas  or aqueous phase following the 

approach of the DMAT model (Sofiev, 2000).  The computational 

domain covered the Europe and North Atlantic at a resolution of 

0.5 degrees. 

The inversion method 
 

The algorithm employed in this work is based on the 4D-Var data 

assimilation method, which has previously been used to estimate 

anthropogenic emissions of SO2 using surface measurements eg. 

by Elbern et al (2007), and by Vira & Sofiev (2012) with the SILAM 

dispersion model. 

 

The inversion minimizes the quadratic cost functional 

 

 

 

where f is the control variable, y is the vector of observed values 

and xk is the model state at time k. H is the observation operator, 

which for the OMI SO2 columns consists of vertical integration and 

horizontal interpolation. 

 

The minimization utilizes the adjoint model to propagate the 

observational information into the emission fluxes. The control 

variable is a multiplicative factor Ŭ(t,z) with the emission rate given 

by f = Ŭf0, where f0 is a unit function which defines the temporal 

and vertical envelope of the emission. The factors Ŭ are adjusted 

every 24 hours. 

 

The vertical structure may be constrained by restricting the 

adjustments to certain model levels. This option is explored by 

constraining the top of emission with the plume heights reported by 

the Icelandic Meteorological Office (IMO). The inversion results are 

compared to those without any height constraints. 

Results and discussion 
 

The estimated emission flux as a function of height 

and time is shown in Fig. 1 for the inversion 

constrained by the observed plume top, and for the 

inversion without vertical constraints.  

 

The release of SO2 is mainly limited to the first 24-

48 hours of the eruption and to altitudes above 

approximately 5 km. The vertical structure results 

from the change of wind as a function of altitude, 

since the observations contain no vertically 

resolving information. 

 

Both inversions have a maximum in emission at 

around 10 km. The unconstrained inversion has a 

secondary maximum at the top of the computational 

domain, which is well above the observed plume 

top. The total emitted SO2 is about 230 ktons for the 

unconstrained inversion and some 200 ktons for the 

vertically constrained one.  

 

While the obtained source terms have fairly similar 

agreement with the OMI observations (Fig. 2), the 

constrained inversion converges faster and the final 

value of  cost function is lower. This suggests that 

the inversion could benefit from a suitably chosen 

regularisation term at least when no plume top 

information is available. 
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Figure 1. The estimated SO2 emission flux (kg m-1s-1) with plume height constrained by 

observations (left) and without constraints (right). 

Figure 2. Top and middle panels: modeled SO2 column densities (DU) with and without 

plume height constraint, respectively. Bottom panel: the SO2 column densities measured by 

OMI. 
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