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The Sodankylä Ion-neutral Chemistry (SIC) model  is specifically aimed at studying the 
effects of transient events of excess ionisation in the upper mesosphere and lower thermosphere 
(UMLT).  The development of the model was initiated by the need for interpretation of riometer 
and EISCAT incoherent scatter radar observations of the high-latitude UMLT [1], and the most 
studied events thus far have been the aurora and solar proton events. The standard version of SIC 
(6.x) follows the development described in [2] and is a fully time-dependent solver of over 340 
reactions of 36 positive ions, 29 negative ions and 16 minor neutral species. For the cases of 
auroral and solar proton production of odd nitrogen and odd hydrogen, SIC 6.x has proven to give 
results in good agreement with observations [2,3].

The sprite discharge can be thought of as a process similar to auroral electron precipitation, 
but on a much shorter timescale.  An experimental SIC version maintained by the author (SIC 7.x) 
has been applied to studies of artificial ionospheric heating [4] and sprites [5]. In the latter study, 
rates  of  excitation,  ionisation  and  dissociation  of  the  major  atmospheric  constituents  were 
calculated from Formosat/ISUAL Array Photometer data and were imposed on the SIC model for 
a  typical  and  a  maximal  sprite  event.  Results  for  the  maximal  case  are  shown  in  Fig.  1  , 
reproduced from [5].

Extrapolating the results to a typical sprite volume, assuming a fraction of 10-3 to 10-2 of the 
volume to be filled with streamers, the production of NOx  (N+NO+NO2) would be at a maximum 
on the order of 1025 molecules. The significance of such an enhancement depends on the zonal 
winds, since the typical prevailing winds correspond to a transport of some thousand kilometres 
per  night,  whereas  meridional  and  vertical  transport  have  timescales  of  several  days.  Large 
enhancements  of  NOx by sprites are therefore possible only in the exceptional  case of  large 
thunderstorms during the transition seasons of almost zero zonal wind. In such a case, not likely 
to occur for more than a few days per year, the local NOx  increase could be on the order of 0.5-5 
times.
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The conclusion that TLEs are mostly of little global significance has also been confirmed 
experimentally by correlating Envisat/MIPAS NO2 measurements with lightning activity [6] (to be 
presented by E. Arnone et al. at this workshop).
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Figure 1: SIC modelled NOx (N+NO+NO2) for the maximal case of Ref. [5]. 
The modelling was here continued until the following day, disregarding 
horizontal transport and mixing of the streamers with the surrounding air.


