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Atmospheric effects of EPP

energetic particles precipitate into atmosphere

0,*(H,0)

HO_*(H,0)_

Ozone connects to temperature and dynamics
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EPP: production of HO, (and HNO,) species

lonisation of
atmospheric gases

ion chemistry

Production of

Production of negative ions
) water cluster ions

Production of Production of Production of Production of
OH HNO, H HNO,

(1) H,O dissociated — OH (2) Recombination — H released
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Sodankyla lon and Neutral Chemistry (SIC)

Neutral Solar Diffusion Forcing: GCR
Atmosphere radiation parameters: protons, electrons,
MSISE-90 10- 4225 A molecular/eddy X-rays, TLE

- Altitude range: 20 - 150 km
Sodankyla lon and - Typical time resolution: 5 min
Neutral Chemistry: - About 400 photochemical reactions
a 1-D model - Unknowns: 65 ions, 15 minor neutrals
- Solver: time-dependent or steady-state

v v

lonization and Electron density
dissociation Positive and negative ion composition
rates Odd oxygen, hydrogen, and nitrogen concentrations
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OH and ozone — SIC vs. satellites

SPE of January 2005

Case | : January 18, 12:10 LT

Case | : January 18, 21:20 LT
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From Verronen et al., Geophys. Res. Lett., 2006
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HNO; 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?

e Currently, production of HNO3 and HNO, is ignored

e Balance between HO, and HNOj3 production is important

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

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

e P/Q numbers?

- Chemical production rate divided by ionization rate
- Separate number for H, OH, HNO,, and HNO3
- Different set of P/Qs for different seasons of the year

e Based on an ensemble of model runs

- Latitudes 50° — 75°
_ lonization rates 10° — 10° cm 35!

e Altitude profiles of P/Qs

- Averaged over latitudes, into 5°-wide bins of SZA

HEPPA 2, Boulder, October 2009



ILMATIETEEN LAITOS
METEOROLOGISKA INSTITUTET
FINNISH METEOROLOGICAL INSTITUTE

P/Q: dependence on altitude
January NH, Q = 10°cm™3s™!, SZA = 105°
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Production of OH and HNO, depends on the amount of H,O
Production of HNO3/H depends also on [NO5 |/([e”] 4+ [X7]) ratio

HEPPA 2, Boulder, October 2009

10



ILMATIETEEN LAITOS
METEOROLOGISKA INSTITUTET
FINNISH METEOROLOGICAL INSTITUTE

100

Altitude (km)

Altitude (km)

100

80

o)
o

P
o

N
(=]

80

o
o

P/Q: dependence on SZA

January NH, Q = 103em™3s7!

P/Q: OH + H

Twilight

DEW

More electrons

85 90 95 100 105 110

85 90 95
SZA (degrees)

HEPPA 2, Boulder, October 2009

11



ILMATIETEEN LAITOS
METEOROLOGISKA INSTITUTET
FINNISH METEOROLOGICAL INSTITUTE

P/Q: dependence on ionization rate

High HZO (January SH) Low HZO (January NH)
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o Sum of P/Qs = (Px + Pon + Puno, + Phnos)/Q

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

Table 9. Pyno, /@ for October NH.

Q | 100 102 103 10%¢ 10° | 100 102 103 104 105 | 10% 102 10® 10% 105
km SZA < 90° SZA = 95° SZA > 100°

9 | 000 000 000 000 000|000 000 000 000 000 | 000 000 000 000 000
8 | 000 000 000 000 000 | 000 000 000 000 000|000 000 000 000 0.00
80 | 000 000 000 000 000 | 000 000 000 000 000|003 001 000 000 0.00
75 | 000 000 000 000 000 | 000 000 000 000 000 | 006 004 004 001 000
70 | 000 000 000 000 000|001 001 001 00l 001 |0.19 0.13 012 007 003
65 | 000 000 000 001 001 |006 004 005 006 004 | 044 029 027 020 0.10
60 | 000 000 002 005 006|019 015 0.17 021 016 | 068 051 044 041 027
55 | 002 003 008 0.8 022|044 039 036 042 037 | 079 071 060 060 049
50 | 009 0.4 022 036 046 | 061 062 056 058 062 | 077 079 072 073 072
45 | 045 042 044 051 059 | 080 075 066 063 068 | 08 082 077 074 0.78
40 | 085 078 064 055 057 | 090 083 069 059 062|094 088 077 069 072
35 | 089 080 062 046 045 | 090 081 063 048 049 | 094 087 072 058 0.60
30 | 079 065 041 025 024 | 080 066 043 027 027 | 085 073 051 034 035
25 | 054 040 020 0.1 0.10 | 054 040 021 012 012 | 060 046 026 015 0.16
20 | 033 025 013 006 005|032 025 012 006 006 | 035 026 013 007 007
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Needed: SZA and ionization rate
Output: Production rates of H, OH, HNO,, and HNO;
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3-D modelling with P/Q parameterization
HNO3 (ppbv) at 45 km, Oct—-Dec 2003, FinROSE CTM

25.10.2003 1.11.2003 7.11.2003 5

15.11.2003 30.11.2003 15.12.2003

For more, see the poster by Salmi et al.
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Summary

e EPP produces H, OH, HNO,, and HNOj3 through ion chemistry

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

e Sets of P/Qs have been calculated with the Sodankyld lon and Neutral
Chemistry Model (SIC), taking into account the dependence on SZA,
lonization rate, and season of the year

e Validation of the new P/Q numbers is needed
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