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Abstract

Significant progress has been made in the understanding of energetic particle precip-
itation (EPP) and its effects on the middle and upper atmosphere. Model simula-
tions now include the chemical and energetic forcing from a broad range of energetic
particles. Comparisons of simulation results with observations have shown that the
production of odd-nitrogen species and the subsequent catalytic loss of ozone are well
simulated. It is becoming clear that the dynamics of the winter polar stratosphere
in the Northern Hemisphere play a vital role in transport of NOx and ozone loss.
Major stratospheric sudden warmings, which have a frequency of approximately
0.6/y, appear to either enhance or reduce NOx downward transport. In contrast,
the lack of variability of the winds in the Southern Hemisphere winter results in
a consistent conduit of upper atmospheric NOx into the stratosphere. This study
will use a combination of satellite data (e.g., from ENVISAT) and model simula-
tions to quantify hemispheric differences in wintertime EPP NOx and its effects on
stratospheric ozone. We aim to assess which hemisphere responds more directly to
EPP forcing on timescales up to the 11-year solar cycle, and how that varies with
meteorology. This is a necessary first step in understanding the role of stratospheric
EPP-induced ozone loss in driving tropospheric climate variability.

Scientific Rationale, goals and timeline of project

EPP is thought to be one of the ways the geospace environment can affect the middle
and lower atmosphere. Energetic particles that precipitate into the stratosphere,
mesosphere and lower thermosphere (SMLT) include auroral electrons (energies from
1-30 keV), medium energy electrons (MEE, 30 keV - 300 keV), and energetic protons
(1-300 MeV). EPP leads to ionization of the major molecular species, and through a
series of neutral and ion reactions produces odd-hydrogen (HOx = {H, OH, HO,})
and odd-nitrogen (NOx = {N, NO, NO,}). These species are of interest because
they can catalytically destroy ozone in the SMLT. The lifetime for HOx in the
mesosphere is short and so it is not effectively transported into the stratosphere by
the mean meridional winds, which have vertical velocities of a few cm/s downward
over the winter pole. In contrast, the absence of NO photolysis during polar night



Table 1: Observations and models available to be used in this project.

Observation Data Team member(s)
AARDDVARK energetic particle fluxes Rodger, Clilverd
POES 7 Rodger, Clilverd
GOES 7 Jackman
Envisat/Sciamachy NO Sinnhuber
Envisat/GOMOS 03, NOo Seppala
Envisat/MIPAS NO, NO3, O3, HNO3, N3O, N5Os, Funke
HNOy, CIO, HOCI, CIONO,

Odin/OSIRIS NO, NO,, O3 Urban, Seppald
Odin/SMR NO, 03, HNOg, NQO, HQO, CO, T Urban
Aura/MLS O3, HNO3, N2O, H,O, CO, T Randall

TIMED/SABER O3, T Randall
SciSat-1/ACE-FTS same as MIPAS + CHy Randall
Model Output Team member(s)
AIMOS ionization rates Wissing
SIC NO, production rates Verronen, Seppalé
FinROSE 3-D chemical densities and reaction rates Verronen
B3dCTM 7 Sinnhuber
EMAC 7 Versick
WACCM 7 Marsh, Jackman

dramatically lengthens the lifetime of NO, such that it is effectively transported into
the stratosphere from the mesosphere and lower thermosphere.

Randall et al. [2007] examined observational timeseries of EPP NOx in the South-
ern Hemisphere (SH) and the energy flux of both auroral electrons and MEE (both
producing ionization mainly above the stratopause). This was perhaps the first
time the interannual varibility in EPP NOx was quantified. In their study, EPP
NOx is identified using UARS HALOE observations by selecting only data in the
upper stratosphere where NOx is elevated but methane (CHy) is low. Since CHy is
a long-lived tracer whose mixing ratio drops off with increasing altitude, low mixing
ratios in a particular air parcel indicate that it originated in the upper atmosphere,
in which case the elevated NOx must have been the result of EPP in the upper
atmosphere. Giving further credence to the attribution of the elevated NOx to EPP
was the strong correlation between EPP NOx and energetic particle fluxes averaged
between May and July (correlation coefficients of 0.88 for auroral electrons and 0.85
for medium energy electrons). Randall et al. [2007] calculate the amount of EPP
NOx entering the stratosphere is between 0.1 and 2.6 gigamoles per year.

Goal 1 of this project is to reassess the estimate of EPP NOx entering
the stratosphere in light of new satellite observations listed in Table 1.
This will be evaluated not only for the SH but for the Northern Hemisphere where



Stratospheric Sudden Warmings (SSWs, see e.g., Manney et al. [2009] and Randall
et al. [2009]) lead to significant variations in the transport of EPP NOx in the
wintertime.

The observation-derived estimates of EPP NOx will be compared with those cal-
culated from 3-dimensional chemical transport models that have been driven with
meteorological data from reanalysis covering the period of observations. The mod-
els to be used are B3dCTM, EMAC, FinROSE, and WACCM. The Team members
listed in Table 1 have used these models extensively to simulate EPP effects in the
atmosphere. All models were used in the recent model/measurement intercompari-
son activity on High Energy Particle Precipitation in the Atmosphere described by
B. Funke et al. [2011]. To force the models correctly over the long-term we will
take energetic particle fluxes from AARDDVARK, POES and GOES and calculate
ionization rates and NO, production rates using Atmospheric lonization Module
Osnabriick (AIMOS, [Wissing and Kallenrode, 2009]) and the Sodankyld Ion and
Neutral Chemistry model (SIC, [Verronen et al., 2005]). Estimating the amount of
EPP NOx in the stratosphere can be done in two ways. The first will follow the
same technique as used in the observations, i.e., using long-lived tracers to identify
NOx produced by EPP. The second is to do parallel simulations forced with iden-
tical meteorology, but without particle precipitation. Since variability in dynamics
is the same across these runs, the budget of EPP NOx in the stratosphere can be
calculated by simply differencing these runs.

Once the NOx enters the stratosphere it can be transformed into other chemical
species. It is usual to refer to these species as NOy, which is comprised of N, NO,
NOQ, NOg, HNOg, CIONOQ, BI‘ONOQ, N205, and HN03 Randall et al. [2007]
estimate EPP NOx contributes up to 10% of the global NOy budget and 40% of the
NOy in the polar regions, although they suggest that this is a conservative estimate
since HALOE did not observe poleward of 50°S during winter. Randall et al. [2007]
were not able to quantify the loss of ozone in the stratosphere due to EPP NOx. After
entering the stratosphere it becomes distributed both in the vertical and horizontal
and is mixed with NOy that originates in the troposphere as N;O. It is therefore
not feasible to directly observe its long-term effect on the distribution of O3z. They
conclude, “quantifying contributions of the EPP [Indirect Effect] to interannual
variations in stratospheric O3, and understanding any implications this might have
for O3 trends and climate, requires global, three-dimensional models to separate
chemical and dynamical effects.”

Goal 2 of this project is to calculate the contribution of EPP NO, to
O3 loss and its long-term effect on the distribution of ozone. To do this
we will compare O3 chemical loss rates and distributions averaged over an extended
period in the two model simulations described above (with and without EPP NO,,).
In doing this we will quantify the effect of EPP NO, on stratospheric Oz. This
will provide a basis for assessing the radiative impact of EPP in the long term,
and if, through coupling between the middle and lower atmosphere, it could affect
tropospheric climate.



We expect to focus primarily on Goal 1 in the first meeting, and Goal 2 in the
second meeting.

Added value provided by ISSI

ISST will provide the opportunity to bring together observers and modelers to work
together to achieve the project goals. Observations are necessary to calculate the
correct EPP model forcing and for validation of the model simulations. Models
are necessary to understand the physical mechanisms that drive variability in the
observational record. Team members have gained valuable experience by participat-
ing in the HEPPA model/measurement intercomparison activities that focussed on
dramatic short-term events. This project extends that work by examining a period
more relevant to climate variability. Without the close interaction of Team mem-
bers in both the model and measurement communities, this project would not be
practical.

Expected Outcome

Through the use of both observational data and modeling we expect to produce
a quantitative estimate of the long-term contribution of EPP to the production of
stratospheric NOy and related O3z loss. The degree to which this varies between
the hemispheres will be assessed. These estimates will be presented in a series of
refereed journal publications.
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Project Schedule

We propose to meet for two one-week meetings to be held at ISSI facilities in Bern
over the duration of 18 months. We anticipate the meetings to take place in the
first quarter of 2013 and in the first or second quarter of 2014.

Facilities Required

We will require access to wireless network and the internet. We expect most partic-
ipants to bring with them their own computers. We also require access to printing
facilities. A meeting room large enough to accommodate 15 people with projection
facilities and a white board is required.

Financial support requested of ISSI

The proposal is submitted on the basis of per diem to individual Team members
and travel cost for the Team leader.
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