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Motivation
Why are we interested in
July 13, 2000 July 14-15, 2000 precipitating particles?
e — Impacts:
e ionization

e chemical processes
e electric conductivity

Measurement of

0.5 hPa a2 @ input (needs in-situ
particle
measurements)

Mixing Ratio (ppmv) @ effects (TEC: radars,
[Jackman et al., 2001] GPS or limp-sounding:
MIPAS)
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Outline

Outline
@ How do particle precipitation models work?

@ How precise are these models?

o satellite data
e model assumptions




How does an ionization model work?

Scheme




ASSUMPTIONS AND LIMITATIONS IN MODELING ATMOSPHERIC
IONIZATION BY PRECIPITATING PARTICLES

WHICH PARTS OF IONIZATION MODELS AFFECTED BY UNCERTAINTIES? AND HOW MUCH?

.

PARTICLE MEASUREMENTS SPECTRUM FIT

o degeneration, energy shift o quality of fit (number of functions)
o degeneration, noise effects o selection of energy range

o crosstalk by out-of-field contributions o fixed or variable intersections

o crosstalk by different energies \_ e kind of fit function

o crosstalk by different species

\__° satellite selection MODELING IONIZATION

* atmospheric conditions

e kind of deposition algorithm
 non-isotropic pitch angle distribution e statistics in e.g. Monte-Carlo

* SAA o transformation to ion pair production
o regional resolution \_

REMAINING PROBLEMS




Particle measurements
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Detector degeneration - energy shift

Detector degeneration in mepOP1 channels

Reason a factorsfor for mid 2011 from Asikainen et al. 2012
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Solution

Using new satellites or applying correction factors
[Asikainen et al., 2012] may improve data.




Crosstalk

e.g. in MEPED electron detectors [Yando et al., 2011]
Electron sensitivity:
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Sensitivity for proton contamination:
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@ contamination is confined to protons of energies 200—2700keV




Particle measurements Crosstalk

Effect of crosstalk on quite day ionization profile (electrons)
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Solution
Probably solved/improved by new correction algorithms. [Janet Green]
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Variation among (same) satellites

— GOES10 vs. GOES11 (dashed)
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day of year

measurements may differ because of
o different initial characteristics (construction)
e degradation, crosstalk
e local flux variations




Variation among satellites

altitude [km ]

Solution
None

ionization  depending on satellite

672 profiles, day 280 to 335, 2003
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Spectrum fit
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Quality of fit (number of functions)

spectrum fit northern polar cap: 2006 doy 342 4-6h ionization northern polar cap: 2006 doy 342 4-6h
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Different energy range of the model
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Different energy range of the model

spectrum fit northern polar cap: 2006 doy 344 14-16h
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The ratio of magnitudes in energy range divided by the number of fit
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function here is the same.

pressure [Pa]

ionization northern polar cap: 2006 doy 344 14-16h
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Different energy range - results for Nov—Dec 2006

ionization  depending on model specific energy range
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None
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Summary of the uncertainties in modeling particle
precipitation

reason maximum expected error possible improvements

degeneration, energy shift depending on age and steepness of correction e.g. [Asikainen et al., 2012],
spectra up to 1000% or newer satellite

degeneration, noise effects up to 1300% (NOAA-12, including en- correction e.g. [Asikainen et al., 2012],
ergy shift) or newer satellite

crosstalk by different species depending on channel, partly severe different detector setup or coincidence

correction needed

quality of fit (number of functions) orders of magnitude limited by channels and theory

isotropic pitch angle distri -40% to +60% needs new detector setup

regional resolution strongly depending on model, but with- limited: @) temporal resolution vs.
out regional resolution is not better spatial resolution, b) more satellites
needed



Regarding these uncertainties, should particle precipitation
models be used?

dependence on local time

75

180 | *local day: 6h—18h

[AIMOS]| [ 1S radar observation T 177 profiles 50
ionization rate —— ;‘;’ 160 local night: 18h-6h
HAMMONIA Jit to theoretical model s 135 profiles
© 140
electron density <= electron density 25
120

amount of com)

e 312 EISCAT profiles Lo :
107 10°° 1072 107! 10°
e electron density: (simulation without particle ionization)/measurement
O OCt 2003 - Aprll 2004 dependence on local time
e event & quiet

75

180 | * local day: 6h-18h

/ _ 177 profiles 50,
Yes! E
P 160 local night: 18h—6h
2 135 profiles
© 140
25
8
. 120 s
[Wissing et al., 2011] g
3
100 ~ &
107 102 1072 107" 10°

electron density: (simulation including particle ionization)/measurement



Outlook: AIMOS Update vi.7
@ removed proton contamination

@ work in MLT rather than LT

reduced impact of spikes

improved spatial resolution in
main precipitation regions

current status: verification against
AARDDVARK

@ http://aimos.physik.uos.de
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