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Atmospheric effects of EPP

energetic particles precipitate into atmosphere
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EPP: production of HOx (and HNOx) species
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(1) H2O dissociated → OH (2) Recombination → H released
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Sodankylä Ion and Neutral Chemistry (SIC)
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OH and ozone – SIC vs. satellites
SPE of January 2005
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From Verronen et al., Geophys. Res. Lett., 2006

HEPPA 2, Boulder, October 2009 6



HNO3 at 46 km – SIC vs. MIPAS/Envisat
SPE of October-November 2003
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From Verronen et al., Geophys. Res. Lett., 2008
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New parameterization of EPP effects

Why is it needed?

• Currently, production of HNO3 and HNO2 is ignored

• Balance between HOx and HNO3 production is important

- Depends on solar illumination (solar zenith angle)
- Determines if the ion chemistry effects are short-term or long-term

• Ion chemistry is computationally expensive (64 ions, hundreds of reactions)
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SIC-based P/Q numbers

• P/Q numbers?

- Chemical production rate divided by ionization rate
- Separate number for H, OH, HNO2, and HNO3

- Different set of P/Qs for different seasons of the year

• Based on an ensemble of model runs

- Latitudes 50o – 75o

- Ionization rates 100 – 105 cm−3s−1

• Altitude profiles of P/Qs

- Averaged over latitudes, into 5o-wide bins of SZA
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P/Q: dependence on altitude
January NH, Q = 103cm−3s−1, SZA = 105◦
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Production of OH and HNO2 depends on the amount of H2O
Production of HNO3/H depends also on [NO−

3 ]/([e−] + [X−]) ratio
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P/Q: dependence on SZA
January NH, Q = 103cm−3s−1

HEPPA 2, Boulder, October 2009 11



P/Q: dependence on ionization rate
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Solomon et al.(1981)

• Sum of P/Qs = (PH + POH + PHNO2 + PHNO3)/Q

• Neutral composition of the atmosphere affects P/Qs
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Using P/Qs in atmosphere models: tables

Needed: SZA and ionization rate
Output: Production rates of H, OH, HNO2, and HNO3
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3-D modelling with P/Q parameterization
HNO3 (ppbv) at 45 km, Oct–Dec 2003, FinROSE CTM
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For more, see the poster by Salmi et al.
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Summary

• EPP produces H, OH, HNO2, and HNO3 through ion chemistry

• P/Q numbers provide a simple way to include ion chemistry effects in any
atmospheric model

• Sets of P/Qs have been calculated with the Sodankylä Ion and Neutral
Chemistry Model (SIC), taking into account the dependence on SZA,
ionization rate, and season of the year

• Validation of the new P/Q numbers is needed
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