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Abstract. Solar eruptions in early 2005 led to a substan- times that amount. Measurements of nitric acid (H)0y

tial barrage of charged particles on the Earth’s atmospheréoth MLS and MIPAS show an increase of about 1 ppbv
during the 16-21 January period. Proton fluxes were greatlyabove background levels in the upper stratosphere during
increased during these several days and led to the produd&6—29 January 2005. WACCM3 simulations show only mi-
tion of HO, (H, OH, HO,) and NG, (N, NO, NOy), which nuscule HNQ increases € 0.05 ppbv) in the upper strato-
then caused the destruction of ozone. We focus on the Northsphere during this time period. Polar mesospheric enhance-
ern polar region, where satellite measurements and simments of NQ are computed to be greater than 50 ppbv dur-
ulations with the Whole Atmosphere Community Climate ing the SPE period due to the small loss rates during win-
Model (WACCM3) showed large enhancements in meso-ter. Computed NQ increases, which were statistically sig-
spheric HQ and NQ constituents, and associated ozone nificant at the 95% level, lasted about a month past the
reductions, due to these solar proton events (SPEs). Th8PEs. The SCISAT-1 Atmospheric Chemistry Experiment
WACCM3 simulations show enhanced short-lived OH and Fourier Transform Spectrometer N@easurements and MI-
HO, concentrations throughout the mesosphere in the 60PAS NGO measurements for the polar Northern Hemisphere
82.5° N latitude band due to the SPEs for most days inare in reasonable agreement with these predictions. An ex-
the 16—-21 January 2005 period, somewhat higher in abuntremely large ground level enhancement (GLE) occurred dur-
dance than those observed by the Aura Microwave Limbing the SPE period on 20 January 2005. We find that protons
Sounder (MLS). These HOenhancements led to huge pre- of energies 300 to 20 000 MeV, associated with this GLE, led
dicted and MLS-measured ozone decreases of greater than very small enhanced lower stratospheric odd nitrogen con-
40 % throughout most of the northern polar mesosphere dureentrations of less than 0.1% and ozone decreases of less
ing the SPE period. Envisat Michelson Interferometer forthan 0.01 %.

Passive Atmospheric Sounding (MIPAS) measurements of
hydrogen peroxide (kD7) show increases throughout the
stratosphere with highest enhancements of about 60 pptv iR  |ntroduction

the lowermost mesosphere over the 16—-18 January 2005 pe-

riod due to the solar protons. WACCM3 predictions indicate Large solar eruptions during 16-21 January 2005 caused
H20, enhancements over the same time period of about thre@uge fluxes of high-energy solar charged particles to reach
Earth. The solar proton flux enhancement during this period
has been well documented and caused significant produc-
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2006; Klekociuk et al., 2007; Damiani et al., 2008). Th_e lon rates (#cm_3s_1): January 2005 SPE
largest ground level enhancement (GLE) of neutrons during 0.001 :

T T NN T
solar cycle 23 also occurred in this period. A neutron moni- C \\\- 100 190
tor registered an increase of about 270 % on 20 January 2005 E 3 -
during the GLE (Gopalswamy et al., 2005). 0.010 F S S T80¢€
We recently studied the short- and medium-term (days to L 5 g/ 1. =
. . ~ E B +70 o
a few months) atmospheric constituent effects of the four 2 E = E o
largest solar proton events (SPES) in the past 45 years (Au-= ~ 0-100 ] Te0=
gust 1972, October 1989, July 2000, and October—November ¢ E o . <
2003) in Jackman et al. (2008) with version 3 of the Whole 2 ' 000 E s [, 50+
Atmosphere Community Climate Model (WACCM3). The 2 ’ L S B , £
present investigation builds on that study and focuses on™ E 3 740 §
the short- and medium-term influences of solar particles on 10.000 E 5730 a
the mesosphere and stratosphere in the time period 1 Jan- - 1<
uary through 31 March 2005. There was substantial solar E 190
activity in January 2005, which was also the period of the ~ 100.000E. L. L. 1 . L. 1 . 1. | .3
eleventh largest SPE period in the past 45 years (Jackman 15 16 17 18 18 20 21 22 23
etal., 2008). We include SPEs in January 2005 and the high- January

est energy protons leading to the GLE on 20 January 2005 ) ) ) ) 1

in our WACCM3 computations. Larger and longer-lasting Fig. 1. Daily average ion palrproductlon rates (#T:?ns* ) for the _
impacts were expected in the northern winter polar region ‘?:_)E]S'?T{SCE‘ZS;J(D;OITSzggg energy 1-300 MeV) as a function
because of the diminished sunlight and general downward" ""Me " tomee January '

transport. We, therefore, focus on the impact of the solar par-

ticles on constituentg in the northgrn polar mt_asosphere and the solar proton flux (energies 1 to 300 MeV) for 2005
stratosphere. The highly energetic solar partlcles produceq, ;o provided by the National Oceanic and Atmospheric Ad-
HOx (H, OH’_HQZ) and NQ (N, NO, NG), which then _qu ministration (NOAA) Geostationary Operational Environ-
to o0zone variations. We compare the WACCM3 predictions e nia| satellite, GOES-11 (Jackman et al., 2008). The pro-
during this period with measurements from three platforms:y,, fix data from the satellite were used to compute ion pair

Aura Microwave Limb Sounder (MLS) of OH, HOHNOs,  rqqyction profiles using the energy deposition methodol-

and ozoqe; Envisqt Michelson Interferometer for Passive At-Ogy discussed in Jackman et al. (1980), where the creation
mospheric Sounding (MIPAS) of #D,, NO,, and HNQ;

_ . X . of one ion pair was assumed to require 35eV (Porter et al.,
and SCISAT-1 Atmospheric Chemistry Experiment Fourier 1976y The SPE-produced daily average ionization rates are
Transform Spectrometer (ACE-FTS) of NO and NO given in Fig. 1 for the eight day period, 15-22 January 2005,

This paper is divided into seven sections, including the IN-trom 100 hPa {16 km) to 0.001 hPa~¢96 km). There were
troduction. The charged particle flux and ionization rate areq, o periods of SPEs in these eight days, 1618 January and
@scussed in Sect. 2,' I—*@md NG produc.tlon' are Q'SCUSSGd 20-21 January. The first period was the most intense with
in Sect. 3. A description of WACCM3 is given in Sect. 4. eak ionization above 1000 cris—? for the 0.01 to 1 hPa

The modeled and measured influences of the January 20 gion. The second period showed peak ionization above
SPEs over the 1 January—31 March 2005 period are shown i@OO cn3 s~ for the 0.2 to 10 hPa region.

Sect. 5. The influence of the 20 January 2005 GLE is shown We included the highest energy protons (300 to

in Sect. 6 and the conclusions are presented in Sect. 7. 20000 MeV) associated with the GLE of neutrons on 20
January 2005 in some computations with “SRESLE".
2 Charged particle flux and ionization rate This high energy proton flux was taken from the spectrum

given in Usoskin et al. (2009, 2011), which was derived
Our WACCM3 computations with charged particle flux in- using methodology presented in Tylka and Dietrich (2009).
cluded: (1) the solar proton flux (energies 1 to 300 MeV) The calculated GLE ionization rate on 20 January 2005 was
over the 1 January—31 March 2005 period; and (2) the higheskdded to the computed ionization rate from the GOES-11
energy protons (300 to 20 000 MeV) associated with a GLEmMeasured protons for some of the model computations (see
of neutrons on 20 January 2005. We performed separat@ﬁ'ct. 4). lonization rates on 20 January 2005 between 10 and
WACCMS3 simulations with no charged particle flux, charged 100 hPa for “SPEs-only” and “SPEsGLE" are compared
particles described in (1), and charged particles described ifft Fig. 2. At 10hPa the ionization is primarily caused by

both (1) and (2). These model simulations are described irthe SPEs; ionization caused by the GLE rapidly increases in
Sect. 4. importance below 10 hPa, and is more than an order of mag-

nitude larger than ionization by the SPEs at 40 hPa.
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IP Production — Jan. 20. 2005 N(4S) (~45 % or~0.55 per ion pair) and excited state’®)

10 S — L (~55% or~0.7 per ion pair) nitrogen atoms (Porter et al.,
1976). The N atoms react rapidly with other atmospheric
constituents to form NO and, subsequently, NO

4 Description of the whole atmosphere community
. climate model (WACCM3)

Pressure (hPa)

WACCM3 has been used in several previous studies to in-
vestigate the impact of natural and anthropogenic influences
o0 on the atmosphere from the troposphere through the middle
1 10 100 1000 atmosphere to the lower thermosphere (Sassi et al., 2002,
2004; Forkman et al., 2003; Richter and Garcia, 2006; Kin-
nison et al., 2007; Garcia et al., 2007; Marsh et al., 2007,
Fig. 2. Daily average ion pair production rates (cﬁs—l) com- Jackman et al., 2008_’62009)' The model do’.“a'” is from
puted for the “SPEs-only” case (solid line) and the “SPEs + GLE” the surface to ’5?( 10-hPa (abput 145 km), W'th_66 ver-.
case (dashed line) on 20 January 2005. tical levels, and includes fully interactive dynamics, radi-
ation, and chemistry. WACCM3 is based on the Commu-
nity Atmosphere Model (CAM3) and includes modules from

T T T 1
~
1111

lon Pair Production (# cm™ s7")

Table 1. Description of WACCM3 simulations. the Thermosphere-lonosphere-Mesosphere-Electrodynamics
General Circulation Model (TIME-GCM) and the Model for
Simulation  Number of Time SPEs  GLE Ozone And Related chemical Tracers (MOZART-3) to sim-
designation _ realizations period included _included | ate the dynamics and chemistry of the Earth’s atmosphere.
A(L,2,3,4) 4 1Jan-31Mar2005  No No The vertical resolution is<1.5km between the surface and
B(1,2,3,4) 4 1 Jan—-31 Mar 2005 Yes No

about 25km and increases slowly above 25km to 2km at
the stratopause; it is 3.5 km in the mesosphere and one half
the local scale height above the mesopause. The version of
WACCM3 used here has latitude and longitude grid spac-
3 HOy and NOy production ing of 4 anq 5’,. respectively. An extensive deseription
of WACCM3 is given in Garcia et al. (2007) and Kinnison

Charged patrticle precipitation results in the production ofetal. (2007).

HO through complex positive ion chemistry (Solomon etal., WACCM3 was forced in all simulations with observed
1981). The charged particle-produced Hi® a function of  time-dependent sea surface temperatures (SSTs), observed
ion pair production and altitude and is included in WACCM3 solar spectral irradiance and geomagnetic activity changes,
simulations using a lookup table from Jackman et al. (2005aand observed concentrations of greenhouse gases and halo-
Table 1), which is based on the work of Solomon et al. gen species over the simulation period (see Garcia et al.,
(1981). Verronen et al. (2006) have noted that HN©pro- ~ 2007).  The geomagnetic activity included in all the
duced along with the HQ ultimately leading to a delayed WACCM3 simulations accounts for auroral precipitation,
production of HQ. Currently, WACCM3 does not include along with HQ and NQ production. However, these au-
this production of HN@ and only includes the HQpro- roral particles mostly deposit their energy in the lower ther-
duction. Even though the HQonstituents have a relatively mosphere (Marsh et al., 2007), whereas SPEs deposit most
short lifetime ¢ hours) throughout most of the mesosphere, of their energy in the mesosphere and upper stratosphere.
the ozone depletion can be very large during substantial SPENledium energy electrons (MEESs) also impacted the atmo-
(e.g., Solomon et al., 1983; Jackman et al., 2001; Verronersphere in January 2005. We have started work on including
et al., 2006). This HQinduced ozone depletion can have MEEs in future WACCM3 computations, however, the incor-
an influence on the mesospheric temperature and winds ovetoration of MEEs is beyond the scope of the present study.

a relatively short period of time~4—6 weeks), see Jackman  We have completed three 4-member ensemble WACCM3
et al. (2007). simulations (described below) over the 1 January—31 March
NOy is produced when the energetic charged particles2005 period: (A) four realizations [A(1, 2, 3, 4)] without
(protons and associated secondary electrons) dissocjate Nany daily ionization rates from SPEs or the GLE; (B) four
as they precipitate into the atmosphere. Here we assumeealizations [B(1, 2, 3, 4)] with the daily ionization rates from
that~1.25 N atoms are produced per ion pair and divide theSPEs throughout the period; and (C) four realizations [C(1,
proton impact of N atom production between ground state2, 3, 4)] with the daily ionization rates from SPEs throughout

C(1,2,3,4) 4 1 Jan-31 Mar 2005 Yes Yes

www.atmos-chem-phys.net/11/6153/2011/ Atmos. Chem. Phys., 11, 61632011
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the period and the GLE on 20 January. These WACCM3pers have shown substantial kl@nd ozone impacts during
simulations are summarized in Table 1. the January 2005 SPEs (Verronen et al., 2006, 2007;&pp
The ionization rates, when included, were applied uni-et al., 2006; Klekociuk et al., 2007; Damiani et al., 2008,
formly over both polar cap regions (60—<99 and 60-90S 2009, 2010). We focus on the northern polar latitudes, a ge-
geomagnetic latitude) as solar protons are guided by th@graphic region where HQOconstituents are at very small
Earth's magnetic field lines to approximately these areasvalues in January due to minimal or no sunlight. The,HO
(McPeters et al., 1981; Jackman et al., 2005a). Verronergonstituents in the winter polar region are, therefore, espe-
et al. (2007) show that the geomagnetic boundary can vargially sensitive to solar proton impact in the mesosphere.
with the proton forcing ranging from none to a full affect be-
tween about 57 and 64\ for the January 2005 SPEs time 9-1.1 Hydroxyl radical (OH)

period. Our assumption of a uniform forcing over the en-_l_h Aura MLS OH denh q he SPE
tire polar cap may slightly overestimate the affected area. It e Aura MLS OH measured enhancements due to the SPEs

does appear from the Verronen et al. study that the protoﬁt 0.022 hPa for the Northern Hemisphere are give_n in Fig. 3
forcing is nearly a full effect at geomagnetic latitudes greaterand were computed by subtracting the observations on 15

than about 62—62N. If the affected polar cap is 62-90), January 2005 (bef(_Jre the SPE) from the obser\(ations on 18
January 2005 (during the SPE). For added clarity, measure-

rather than 60—90N, then the impacted area would be de-
Jnents are only shown northward of 428, however, no

creased by about 13 %. Given that the proton flux’s impacte . .
region is variable with time and sometimes extends to Iati—'v“‘S measurements are aV?‘"ab'e. in the b‘?‘”d 82.5090
tudes lower than 60geomagnetic, we have assumed a non-ML.S measurements were binned into”36ngitude apd 3
changing polar cap area for ease of computation. Due to thititude bands. The polar cap edge {BDgeomagnetic lat-
differing offsets of the geomagnetic and geographic poles in'tUde)’ wherein the. prf’tons are predlc_ted fto interact with
the two hemispheres, the effects from the SPEs and GLE ar[ahe atmosphere, is indicated by the white circle. The MLS

not expected to be symmetric in the Northern and Southerﬁjata shows that the SPE increased OH significantly: values
Hemispheres greater than 4 ppbv are observed in a substantial part of the

: ; .., area poleward of 60N geomagnetic latitude.
WACCMS3 is a free-running GCM and the realizations .
starting conditions were each slightly different from the The WACCMS3 OH predicted enhancements due to the

other, initiated in January 1950. For all ensemble membersSF>ES at 0.022hPa for the Northern Hemisphere are given

WACCM3 was run in its free-running mode with identical In Fig. 4 and were computed from an average of the B re-

. lizations. In particular, the WACCM3 B average results on
boundary conditions from January 1950 up to 1 January 200
(Garcia et al., 2007; Jackman et al., 2009), which is the star§5 January 2005 (before the SPE) were subtracted from the

ing date for all model computations shown in this paper. Sim-WACCN|3 B results on 18 January 2005 (during the SPE).

ulations Al, B1, and C1 have the same starting conditions;”:je\i\vﬂkggl\\/gagmgl'tkergel (Ade) v(\j/asl alio a:gpllgd tol t?e plot-
except simulation Al has “no SPEs and no GLE", simula- € resufts. ror adced carity, the simuiation re-

tion B1 has “SPEs-only”, simulation C1 has “SPEs + GLE”. sults are only shown from 44-9@. As in Fig. 3, the polar

Similar comments apply to grouped simulations A2, B2 and©a@P edge (60geomagnetic latitude) is indicated by the white
C2: A3 B3 and C3: and Ad. B4 and C4 T circle. WACCM3 also predicted a significant increase in OH:

The WACCMS3 daily average constituent computations areValues greater than 4 ppbv are modeled na _substantlal part
. . . o of the area poleward of 60N geomagnetic latitude. Both
shown in comparison with measurements in this study.

the MLS measurements and WACCM3 predictions indicate
similar areas of enhanced OH as a result of the SPEs. The
WACCMS predictions do indicate a somewhat larger amount
of OH change, when compared with MLS observations.

The mesosphere was perturbed by the SPEs in January ZOOSVZE"Icomg.""t:.e the fMLfGO;?)rgeasurerg%%tg gnctjhw,?cts “33
as seen in the measurements of several satellite instrumengg0 €l predictions for 16— anuary In the latitude

and WACCM3 simulations. The short--(days) as well as zggg 60_82'?’\'{'” IF'g' 5.t Thg f'rStttWO ;veeképoé Ja\r;\t;am
medium- ¢~ weeks) term changes due to these solar influ- were refatively quiet and contained no s. e thus

. : Co ; used these first two weeks (1-14 January) to construct an
ences will be discussed in this section. average quiescent OH profile for both MLS and WACCM3,
respectively. This respective quiescent OH profile was sub-
tracted from the OH observations or predictions for 16—23
January 2005 and the results are given in Fig. 5. An average
of the WACCMS3 B realizations was used for this figure. As
t. in Fig. 4, the MLS AK was applied to the plotted WACCM3
results.

5 Influences of the January 2005 SPEs

5.1 Short-term influences

Since HQ constituents have such short lifetimes (e.g.,
Solomon et al., 1981), a large enhancement of; ld@used

by an influx of protons during an SPE will be relatively shor
lived (~days). MLS provided measurements of two HO
constituents, OH and H{Pickett et al., 2008). Previous pa-

Atmos. Chem. Phys., 11, 6153166 2011 www.atmos-chem-phys.net/11/6153/2011/
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OH (ppby): 0.022 hPa — (Jon, 18 minus Jan. 15) - MLS OH (ppbv): 0.022 hPa {Jan, 18 minus Jan, 15) — WACCM {B) 10

10.

(~qdd) oyoy Bupaw
(nqddy onoy Bupay

Fig. 3. Aura MLS OH measurements at 0.022hR&bkm) on 18  Fig. 4. WACCM3 B average OH predictions at 0.022 hR&6 km)
January 2005 (after SPE) minus those on 15 January 2005 (beforen 18 January 2005 (after SPE) minus those on 15 January 2005
SPE). For added clarity, measurements are only shown in the lat(before SPE). For added clarity, the results from the WACCM3 sim-
itude range 42.5-82°5\. No MLS measurements are available at ulations are only shown from 44-90l. The MLS averaging kernel
82.5-90 N. The polar cap edge (B@eomagnetic latitude) is indi-  (AK) was used to sample the WACCMS3 results. The polar cap edge
cated by the white circle. (60° geomagnetic latitude) is indicated by the white circle.

OH ppbv change (60—82.5°N) — MLS

Fairly substantial OH enhancements are shown in the MLS 0.01 80
measurements (up to 4 ppbv) and WACCM3 predictions (up 70
to 6 ppbv) for the 16—23 January period. The OH increases? 0.10 .
were largest on 17—18 January, similar to the WACCM3 pre- & 60 ¢
dictions. Similar to the comparisons between Figs. 3 and 4, E’/ ' 00 50
the WACCM3 predictions of Fig. 5 do indicate a somewhat 3 40 E
larger peak OH change, when compared with MLS observa- @ =
tions. a 10.00=> 430

oo — %ﬁg 220
5.1.2 Hydrogen dioxide (HQ) 100-001:6 : ?7 : 1‘8 : 1‘9 TRt 2‘2 ‘2‘3 ‘<24
The MLS instrument additionally provides HGOneasure- OH ppbv change (60—82.5°N) — AK — WACCM
ments during the January 2005 period. Such measurements  0.01 80
are somewhat noisier than the OH observations, however, 70
MLS HO; does indicate enhancements above background’s  0-10 60F
levels 0.1 ppbv) due to the January 2005 SPEs. Similarto £ X
Fig. 5, Fig. 6 was produced by averaging the H@easure- £ 1.00 50 2
ments over the quiet (non-SPE) period 1-14 January 2005 9 40 2
and subtracting this average from the p@bservations or & 10.00 30 <
predictions during 16—-23 January 2005. Again, an average
of the WACCM3 B realizations sampled with the MLS AK 100.00 b b b b e %0
was used for Fig. 6. 16 17 18 19 20 21 22 23 24

As with OH, the WACCM3 predictions indicate a simi- Day in January 2005

lar time frame for the H@ atmospheric perturbation when _
compared with MLS observations. Also, a somewhat largerFig- 5. Daily averaged OH changes from Aura MLS measurements
HO, change is predicted than measured in the 1621 Jan({oP) and WACCM3 B average predictions (bottom) for the 60~

: : 2.5 N band. An average observed (predicted) OH profile for the
uary 2005 time period. The cause of the mOdeled/measuregeriod 1-14 January 2005 was subtracted from the observed (pre-

SPE-caused OH and I-.iQilfferences is not clear, t_)Ut may dicted) OH values for the plotted days (16—23 January 2005). The
be related to problems in the modeled representation of HOcontour intervals for the OH differences are 0.0, 0.01, 0.02, 0.05,

chemistry (Canty et al., 2006). 0.1,0.2,0.5, 1, 2, and 5 ppbv. The MLS averaging kernel (AK) was
used to sample the WACCM3 results.

www.atmos-chem-phys.net/11/6153/2011/ Atmos. Chem. Phys., 11, 61632011
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HO, ppbv change (60—-82.5°N) — MLS Ozone % change (60—82.5°N) — MLS
0.0 T T T 80 0.01 T 180
70 470
0 ~ 0
o 60 ° c
£ & £ "t
0 O ®  1.00 Vo
= 3 S o
a 40 =2 @ 02
2 = o ‘-
& 30" a 10.00 30 <
,20 =
‘ 100.00 20
16 17 18 19 20 21 22 23 24 16 17 18 19 20 21 22 23 24
HO, ppbv change (60—82.5°N) — AK — WACCM Ozone % change (60-82.5°N) — AK — WACCM
0.01 T y>‘\5v 80
0‘\
T 010 s = —
£ < £
e 1.00 o o
2 : E
%] 7] by
° . g =
a 10.00Ff & <
100.00§ A I Y I T 120
16 17 18 19 20 21 22 23 24 16 17 18 19 20 21 22 23 24
Day in January 2005 Day in January 2005

Fig. 6. Daily averaged H® changes from Aura MLS measure- Fig. 7. Daily averaged ozone changes from Aura MLS measure-
ments (top) and WACCM3 B average predictions (bottom) for the ments (top) and WACCM3 B average predictions (bottom) for the
60-82.5 N band. An average observed (predicted)Hiofile for 60-82.5 N band. An average observed (predicted) ozone profile
the period 1-14 January 2005 was subtracted from the observetbr the period 1-14 January 2005 was subtracted from the observed
(predicted) HQ values for the plotted days (16—23 January 2005). (predicted) ozone values for the plotted days (16—23 January 2005).
The contour intervals for the Hdifferences are-0.1, 0.0, 0.01, The contour intervals for the ozone differences-aB®, —60, —40,

0.02, 0.05, 0.1, 0.2, and 0.5 ppbv. The MLS averaging kernel (AK) —20,—-10, -5, -2, -1, 0, 1, 2, 5, and 10 %. The MLS averaging
was used to sample the WACCMS results. kernel (AK) was used to sample the WACCM3 results.

5.1.3 Ozone Based on a similar analysis of the WACCMS3 A realiza-
tions (not shown), the changes in ozone for pressuitielsPa

Besides these two HQOconstituents, MLS also measures in Fig. 7 appear to be caused by seasonal changes at this time

ozone. Like Figs. 5 and 6, Fig. 7 was produced by averagingf year and are not related to the January 2005 SPESs.

the ozone measurements over the quiet (non-SPE) period 1—

14 January 2005 and subtracting this average from the ozon®.1.4 Hydrogen peroxide (HO5)

observations or predictions during 16—23 January 2005. As

for OH and HQ, an average of the WACCM3 B realizations Envisat MIPAS has recently been shown to have the ca-

sampled with the MLS AK was used for ozone in Fig. 7. Pability of observing hydrogen peroxide £85) (Versick

The SPE-produced HCconstituents are relatively short- €t al., 2009; Versick, 2010) and has provided these mea-

lived (~ days) and lead to the destruction of ozone in theSurements in January 2005 during the SPEs. We use here

uppermost stratosphere and mesosphere. We have found tHdeOz data (version VACH202.304) retrieved with the MI-

the WACCM3-predicted ozone change due to the SPEs folPAS level 2 processor developed and operated by the Institute

the time period plotted is confined to pressuteishPa, sim-  Of Meteorology and Climate Research (IMK) in Karlsruhe

ilar to previous reported studies (e.g., Safpet al., 2006; together with the Instituto de Astrigica de Andaluia (IAA)

Verronen et al., 2006; Klekociuk et al., 2007). Ozone de-in Granada. The main source for€; is the HG self-

creases 40 %) are measured and predicted for the 17—23réaction

January 2005 period at pressure8.4 hPa. Although there

is reasonable agreement between WACCM3 and MLS, theHOerHOZ_) H202+02 @)

model predictions indicate a slightly deeper penetration ofwith a smaller contribution from the three-body reaction

the SPE-caused ozone depletion signal.
OH+OH+M — Hy02+M. (2)

Atmos. Chem. Phys., 11, 6153166 2011 www.atmos-chem-phys.net/11/6153/2011/
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Thus, production of OH and HOby the SPEs leads very
rapidly to the production of bD,. Figure 8 (top) shows
the polar (60—-82.5N) MIPAS observed 24-h average@,

for three days (16-18 January 2005) throughout most of
the stratosphere and into the lowermost mesosphes@, H
changes during the three days of the first January 2005 SPE

(see Sect. 2) are minor at pressure levels greater than 30 hPa.

At pressure levels less than 30 hPa(H is measured to in-
crease during these three days with the largest increases in
the lowermost mesosphere§0 pptv).

Figure 8 (middle) shows the polar (60—82M) WACCM3
predicted 24-h average B, for the same three days using
an average of the B realizations. Generally, the modeled
amounts of HO; are substantially more than the measured
values throughout the plotted domainy®} is predicted to
increase 180 pptw{130 pptv to~310 pptv) in the lowermost
mesosphere, about a factor of three larger than observed by
MIPAS. Figure 8 (bottom) shows the enhancegdld due to
the SPEs and is the difference between an average of the A
realizations and an average of the B realizationsOHis
predicted to increase at all pressure levels during these three

days as a result of the SPEs. For better direct comparisonsHz0, ppt

the MIPAS AK was applied to the plotted WACCM3 results.
What is the reason behind the measurement and model
H20, differences? Since the OH and H@redictions are
higher than the MLS measurements, it does follow thaD
would likely be overestimated, given the major production
reactions (Egs. 1 and 2). The major loss ofQd during

H,0, pptv (60-82.5°N) — MIPAS
r I I

daylight is through photolysis
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. . . . Day in January 2005
During nighttime the reaction
H,05 + OH— H,O+HO» (4) Fig. 8. Daily averaged hydrogen peroxide {6b): Envisat MI-

is the major loss process forB,. Reaction 4) is especially

PAS measurements (top) and WACCM3 predictions (middle, bot-
tom) for three days, 16—18 January 2005, in the 60-84.5and.

important in the northern polar latitudes in January, thus isThe WACCM3 results are from the B average (middle) and a differ-

most significant for this study. The HQproduction from

ence between the B average and A average (bottom). The MIPAS

SPEs is in the form of OH and H (Solomon et al., 1981). averaging kernel (AK) was used to sample the WACCMS3 resullts.

These constituents can very rapidly lead toHfPoduction

through

OH+03— HO2+ 0> (5)
and

H+O02+M — HO2+ M. (6)

The HQ, constituents are primarily lost through reactions

OH+HO; — H,0+ 0, (7
and

H+HO2 — H0+0 (8)
or

H+HO; — Hz+Os. 9)

www.atmos-chem-phys.net/11/6153/2011/

The contour intervals are 10, 20, 40, 60, 80, 100, 150, 200, 250, and
300 pptv.

Other reactions, besides Reactid) {hrough Reaction9),

are important as well and involve HGspecies with other
atmospheric constituents. All the neutral constituent photo-
chemical reaction rates and photodissociation cross sections
are taken from Sander et al. (2006). It is unclear which reac-
tion (or reactions) may need to be modified to rectify the dif-
ferences between MIPAS and WACCM3®h. These mea-
surement/model disagreements may be related to the difficul-
ties in simulating OH and H&(e.g., see Canty et al., 2006)
and require further study.

Atmos. Chem. Phys., 11, 61632011
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5.2 Medium-term influences NO, (ppbv) — Jan. 10—13, 2005 — MIPAS
0.01 T T T T T T

SPE-produced NQconstituents have longer lifetimes than I /\L( 70
HOx constituents (e.g., Jackman et al., 2008) and can cause ~ / ° ~ —_
atmospheric changes for several weeks or longer following & "% [& - 60 \E/
such events. @pez-Puertas et al. (2005a) has shown large ¢ : = o
Envisat MIPAS NQ enhancements caused by the October— 2 . 02
November 2003 SPEs as well as associated ozone depletion & 100 ¢ D
over a two and a half week period. The proton flux during the i Qa0
January 2005 SPEs was not quite as significant as the proton ., ﬂ ‘ e <
flux during the October—November 2003 SPEs, however, the 40 50 60 70 80 90

SPE-induced N@change did occur in the middle of the NH : : : :
winter when the impact can be enhanced through a IongerN02 (55?\’) J?n' 10 ‘13" 20‘05 AK — WACCM (B)

lifetime and downward transport (Jackman et al., 2000). We i
focus on the Northern Hemisphere as any\gnal is most . /
E1

likely to last longer in the darker hemisphere (e.g., Jackman g 0.10 60 E
et al., 2008). Quantifying the influence of the Nfroduced o 4 o
by the January 2005 SPEs is one of the main objectives of 3 1503

ke =

this paper. 1.00 B4
~7\—/\ 440
5.2.1 Nitrogen dioxide (NQ) L E

10.00 ¢

. . 40 50 60 70 80 90
Envisat MIPAS provided measurements for some days dur- Latitude (degrees)

ing the month of January 2005. In particular, we show the

four-day average (10-13 January 2005) MIPASN®@ea- [y g Envisat MIPAS NG measurements (top) and WACCM3 B
surements (IMK/IAA data version VADO2.501) in Fig. 9 ayerage (bottom) for the four-day (1013 January 2005) average in
(top) before any major SPE disturbance. Although the meathe Northern Hemisphere. The MIPAS averaging kernel (AK) was
sured NQ amounts are at modest levels 4-10 ppbv) in  used to sample the WACCM3 results. The contour intervals are 1,
the middle latitudes (40-8W), the observed polar mid- 4,7, 10, 15, 20, 40, 60, 80, 100, and 120 ppbv.

dle mesosphere NfOran be quite substantial, reaching peak
amounts of about 120 ppbv near 70 km(Q(03 hPa) at the
highest northern latitudes.

WACCM3 predictions of N@ for the same time period
are given in Fig. 9 (bottom). The model results do show rel-
atively modest levels~1-10 ppbv) in the middle latitudes,
fairly similar to MIPAS observations. However, WACCM3
only shows peak values 15 ppbv near 70 km~0.03 hPa)
at the highest northern latitudes, very different from MIPAS
measurements. It appears that MIPAS measurements are?
indicative of a very disturbed mesosphere before the SPEs £
commence on 16 January. Séfipet al. (2007) likewise [ ]
showed high N@ mixing ratios &30 ppbv) in the Northern [

Hemisphere polar lower mesosphere in early January 2005, 10.00 4_‘4_‘4_‘_30
measured by the GOMOS instrument. 16 17 18 19 20 21 22 23 24

We used our WACCMS3 simulations to compute the NO Day in January 2005
change over the 16-23 January 2005 period in Fig. 10.

This NG, change was computed by subtracting the four-rig 10. Daily averaged WACCM3 B average of N@hange from
day average (10-13 January 2005) values from the 16—2#he four-day (10-13 January 2005) mean for the—B0° N band.
January predictions using an average of the B realizationsThe contour intervals are1, 0, 1, 4, 7, 10, 20, 30, and 40 ppbv.

The results pertain to the average in the latitude band from

70°—90 N. Nitrogen dioxide enhancements over 30 ppbv are

computed in the 60—70 km (0.2—0.03 hPa) altitude region forinstrument was measuring in its upper troposphere/lower
18-20 January 2005. stratosphere mode with an uppermost temperature retrieval

The MIPAS measurements are not shown over the 16-of just 50 km. The temperature above 50 km was not mea-
23 January 2005, period due to its limited coverage as thesured and the assumed temperature was too high in this

NO, ppbv change (70—90°N) — WACCM
0.01

~
o

ure (hPa)
- o
o -
o o
ﬁ
2 o o
o o o
Altitude (km)
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region and greatly impacted the NOThe TIMED Sound- HNO, ppbv change (60—-82.5°N) — MLS
‘I T ‘ T T ‘ T ‘ T ‘ T ‘ T

ing of the Atmosphere using Broadband Emission Radiome-
try (SABER) instrument took measurements during this time
period and showed that the assumed MIPAS temperaturesE
were about 10-12 K too warm in the 50—60 km region. Some £

preliminary computations with temperatures more similarto ¢ 1g|
SABER (i.e., decreased by 10-12K) have resulted in en- §
hanced MIPAS N@ values during the first SPE period (16— @
18 January 2005) of about 30 ppbv over the 10-13 January“‘ =
levels. Thus, even though the MIPAS NObservations be- 100 ] s |
fore the SPEs are very different, the deduced MIPAS;NO 16 18 20 22 24 26 28 30
increases as a.re.sult of the first SPE are fairly similar to the HNO, ppbv change (60—82.5°N) — MIPAS
WACCM3 predICtlonS. 1 L e e AN VA
145

5.2.2 Nitric acid (HNO3) ;{3‘ 140 T

. . < 1352
The SPE-caused impact on HN®as been discussed be- °® 100 °
fore in relation to the October-November 2003 SPEs (Or- 3 == 303
solini et al., 2005; bpez-Puertas et al., 2005b; Jackman § 125 ':_‘;
et al., 2008; Verronen et al., 2008). Jackman et al. (2008) & EE 120
showed Envisat MIPAS measured Hil@nhancements of ol e L L. 1s

over 2 ppbv near 1 hPa as a result of the late October 2003 015
SPE, however, the WACCM3 simulations predicted a smaller
maximum enhancement of 0.8 ppbv near 1 hPa.

Klekociuk et al. (2007) demonstrated HN@nhance-
ments in Aura MLS measurements as well as global model

20 22 24 26 28 30
HNO; ppbv change (60-82.5°N) — WACCM
1 T T T

»
o

O ~
computations as a result of the January 2005 SPEs. We havet e 40 _§
analyzed MLS HNQ@ measurements in a similar mannerto 5 e S 35 o
Klekociuk et al. (2007) and show the results in Fig. 11 (top). § 3073
Here, an average MLS HN{Xor the period 1-14 January § 25 &
2005, before the first SPE, was subtracted from the MLS &=  [S~_ __-7""“==---- 20 <
HNOg for 16—29 January 2005 in the 60-82N band. En- 100 15

visat MIPAS HNG; measurements are also available in Jan- 16 18 20 22 24 26 28
uary 2005, but only for a limited number of days (i.e., 10-13,

16-18, 27-28 January). Because of this limited dataset, the
four-day average of the MIPAS measurements before thefirs,gig_ 11. Daily averaged nitric acid (HN§) change: Aura MLS

SPE (i.e., 10-13 January 2005) was subtracted from the 16measurements (top), Envisat MIPAS measurements (middle), and
18 and 27-28 January 2005 values (IMK/IAA data versionwaccM3 B average (bottom) for 16-29 January 2005 in the-60
V40_HNO3.201); this difference is given in Fig. 11 (mid- 82.5 N band. A mean HN@for the period 1-14 January 2005 was
dle). The WACCM3 results are presented in Fig. 11 (bottom),subtracted from the Aura MLS observed and WACCM3 B average
where a HNQ@ average of the B realizations for the period 1— predicted values for the plotted days. Envisat MIPAS measurements
14 January 2005 before the first SPE was subtracted from theere only available for 10-13 January 2005, and the average of
modeled HNQ for 16—29 January 2005 in the 6682.5 N these four days was subtracted from the 16-18 and 27-28 January
band. 2005 values. The contour intervals ar@, —1, —0.5,—-0.2,-0.1,

The MLS HNO; measurements indicated two enhanced ~%:0%~0:02,-0.01,0, 001,002, 005, A1, 02, 05, and 1 ppbv.
regions (3-9 and 20-40 hPa) during the 16—25 January 2005
period (also, see Klekociuk et al., 2007) with a region of
decreased HN®in between. Also, MLS shows decreased sures less than 4 hPa. An average of the WACCM3 A real-
HNO3 between 40 and 100 hPa. The MIPAS Hj@bserva-  izations, which is not shown, gives nearly the same results as
tions show similarities to the MLS data on 27—-28 January forthose predicted from an average of the WACCM3 B realiza-
pressure levels less than 9 hPa and more than 15 hPa, howiens, the only difference being the small SPE-caused 0.02—
ever, there is not an indication of the region of decreased.04 ppbv enhanced HN®egion near 3 hPa over most of the
HNO;3 between 9 and 15hPa. The WACCM3 predicted time period. Since WACCM3 results were compared with
HNOj3 change shows decreases between about 4 and 50 hiath MLS and MIPAS observations, neither instrument array
during 16—-23 January 2005, with a slight increase at presof AKs were used to process the WACCM3 output. These

W
o

Day in January 2005

www.atmos-chem-phys.net/11/6153/2011/ Atmos. Chem. Phys., 11, 61632011



6162 C. H. Jackman et al.: Atmospheric influence of solar proton events

model/measurement comparisons leave us with the dilemma

found in Jackman et al. (2008) whereby large increases in ?? 22 3 7
observed HN@ temporally connected to SPEs could not be 3¢ Lafitude of ACE Measurement |
properly simulated. o L (a) NO, ppbv (Northern Hem.) — ACE
The creation of HN@ through the ion-ion recombination 0.001
between H and NG~ cluster ions was simulated duringan- 5 2 P
other solar proton event period, the Halloween storm episode:% 0.0107 £
in October—November 2003, with the use of the Sodakyl o (100 o
lon and Neutral Chemistry model in Verronen et al. (2008). 2 [ E
They showed that the HNproduction above 35km as a re- o 1.000F =
sult of those large events could account for the extra INO % 14 000 LAl ———~— 5. §8
observed by MIPAS in October/November 2003. It is likely (b) NO, ppbv (No. Hem.)— WACCM (B)
that this ion chemistry, currently not included in WACCM3, 0.001 [
could also explain the MLS and MIPAS observed additional E 0.010 £ a
0.5-1ppbv HNQ@ above 35km (pressures7 hPa) seenin &£ 7 =
Fig. 11. £ 0.100 ] L
0 [ 2
5.2.3 Nitrogen oxides, NQ (NO +NO,) £ 1.000 =
10.000 H LSS
ACE-FTS (hereinafter referred to as ACE) (Bernath et al., (c) NO, ppbv (No. Hem.) — WACCM (A)
2005) provided measurements during all of the SPE period. 0.001 [
ACE measured both NO and N@e.g., see Rinsland etal., @ 0.010E 0
2005), and thus supplied NONO+ NOy) measurements at < . X
fairly high northern latitudes for 1-31 January 2005. These %’ 0.100 [} 2
ACE observations are given in Fig. 12a and were taken in @ ; 2
the latitude range from57—-66 N (see Fig. 12, top). Large £ 9907 =
amounts of NQ are observed at pressure$.01 hPa with 10.000 I 30
evidence of some downward transport over this time period, 5 1015 20 25 30
especially in the latter half of the month. We focus on pres- Day in January 2005

sures> 0.01 hPa, where there is an indication of a large per- _ o
turbation around 16 January. After that date the contour levFig- 12. Daily averaged N@ measurement&) and predictiongb,
els 20, 50, 100, and 200 ppbv show substantially morg NO c) for 1-31 January 2005 in the high latitude Northern Hemisphere

; (see Sect. 5.2.3). The ACE NGQneasurements are given (a).
;nSes;l;red in the pressure range 0.02 to about 0.4hB5 The WACCM3 NQ predictions are from an average of the B re-

. ... alizations(b) and the A realizationgc). The contour intervals for
The ACE measurements (Fig. 12a) are compared with SIMNO, are 1, 2, 5, 10, 20, 50, 100, 200, 500, 1000, 2000, 5000, and

ilar plots from our WACCM3 simulations in Fig. 12b, c. The 10000 ppbv. The latitudes of ACE measurements are given in the
WACCMS results are taken from the model predictions for top plot.

the 60—66 N latitude bins, approximately the latitude range

for the ACE Northern Hemisphere measurements after 6 Jan-

uary 2005. There are no AKs for the ACE instrument be- the slopes of the NQcontours after Day of Year (DoY) 32,

cause optimal estimation is not used in the ACE retrievalswhen NG amounts tend to decrease with time at virtually

thus the unprocessed WACCMS3 output is used for these comall levels above~1hPa. ACE observes at latitudes greater

parisons. Figure 12¢ shows WACCM3 N@redictions from  than 60 N up through DoY 83 (24 March), thus this NO

an average of the A realizations. This plot does not indi-change is probably related more to a seasonal effect, not re-

cate much of a change in N@ver the month. In fact, the lated to the SPEs, than to the variation in ACE measurement

predicted NQ in the pressure range 0.02 to 0.4 hPa after 16latitudes during the season. After DoY 83, the latitude ob-

January appears to show a slight decrease at most levels. Figerved by ACE varies rapidly from 60! to 41° N by DoY

ure 12b shows WACCM3 NQpredictions from an average 90. These rapid changes in observed latitude help to explain

of the B realizations. These model predictions show a drathe fast decrease of observed Ni@ the last week plotted in

matic change after 16 January with large Niicreases due  Fig. 13 (top). Downward transport of thermospheric,N©®

to the SPEs, as indicated by changes in the slopes of contodhe winter and early spring, not related to the SPEs, is much

levels 10, 20, 50, and 100 ppbv. larger at polar latitudes than middle latitudes (e.g., Randall
The NQ, variations over the three month time period (1 et al., 2005, 2006).

January—31 March 2005) are given in Fig. 13. Again, ACE MIPAS also measured Ndor 16 days (e.g., DoYs 27-28,

measurements are shown in the top plot. There is a change 88, 44-46, 48-49, 52-53, 61-62, 67-68, and 80-81) in this
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NO, ppbv (Northern Hem.) — ACE We are able to compute the quantitative N&ébhancement

0.001 100 due to the SPEs by subtracting an average of the A realiza-
E = tions from the average of the B realizations. These results
E o.o1of 80 E are given in Fig. 13 (bottom), where the colored regions in-
£ g 0 dicate 95 % statistical significance with the use of Student’s
® o0.100Ff 2 test. The SPEs caused N{Dcreases-50 ppbv in the middle
2 : 60 = to upper mesosphere. These Néhhancements diminished
2 1.000f %0 < over time to be less than 5 ppbv and no longer statistically
E "QQD&:\M* 40 significant by DoY 50. Thus, the SPE-caused,Nfreases
10.000 AN A TIN50 from the January 2005 SPEs lasted for about one month past
0_001Nox ppbv (No. Hem.)— WACCM (B the beginning of the events.
T 0.010 - a 5.2.4 Ozone and temperature
&~ X~
\e/ 0.100 £ o We computed the ozone change due to SPEs over the 1
o r E January—31 March 2005 period by comparing the average of
E 1.000¢ Z the B realizations relative to an average of the A realizations.
B The large ozone decreases shown in Fig. 7 extended another
10.000 BTN A 30 two days (through DoY 25), however, statistically significant
NO, ppbv (No. Hem.)— WACCM (B-A) (to 95 %) NH polar mesospheric ozone loss computed with
0.001 1% WAEY VT 22 W] Y 100 Student’st test was evident only from DoY 17-23. Ozone
= ooiol 0 depletion less than 5% due to the SPEs was calculated for
a T 80 £ a couple of weeks past the end of January. These results are
‘&,’ 0_1005 70 ~ consistent with the SPE-induced short-lived Hénhance-
> b 60 3 ments causing most of the mesospheric ozone loss.
o 1_0002 50 é We also computed the temperature change due to SPEs
o : § 40 over the 1 January—31 March 2005 period by comparing the
10,000 X2 "N "0 v nNTo ' (U3 average of the B realizations relative to an average of the
0 10 20 30 40 50 60 70 80 90 A realizations. These computed temperature changes were
Day of Year 2005 less than 3K during the time period of the large computed

. _ ozone losses (DoY 17-23) and were not statistically signif-
Fig. 13. Daily averaged SCISAT-1 ACE measurements (top) andjcant, Such small temperature changes are consistent with
WACCMS predictions (middle, bottom) for Nexuring the first 90— 5501 man et al. (2007) and are not surprising in the limited

days of 2005 (1 January—31 March) for the high latitude NorthernSunlit olar region (NH) where less ozone heating occurs
Hemisphere. The WACCM3 Nppredictions (middle) are from an P 9 9 ’

average of the B realizations and the WACCM3 Nfredictions
(bottom) show the NQ enhancement due to the SPEs (an average
of the B realizations minus an average of the A realizations). The6 Influences of the 20 January 2005 GLE
colored regions indicate 95 % statistical significance with the use of
Student'st test. The contour intervals are 1, 2, 5, 10, 20, 50, 100, As discussed previously (Sects. 1 and 2), a very large GLE
200, 500, 1000, 2000, 5000, and 10 000 ppbv. occurred on 20 January 2005, during the SPE period. Al-
though the flux of very energetic protons was extremely high,
the duration of this intense flux was fairly short (less than
period over a limited altitude range on most days. We haveahout 8 h for the highest energy protons, see NOAA GOES-
found that, generally, MIPAS observations are in reasonablql data)_ The most substantial increase in the h|gh energy
agreement with ACE (not shown). protons lasted only about 90 m (Simnett and Roelof, 2005).
Figure 13 (middle) shows WACCM3 NQpredictions  Also, these very high energy protons primarily impacted the
(60-66 N) from an average of the B simulations (SPEs- middle to lower stratosphere (10—100 hPa, see Fig. 2), thus
only), essentially an extension of Fig. 12b for another 59the influence on this lower region of the atmosphere is diluted
days. There are many similarities between these model COlTby the increased number density of molecules (compared to
putations and the ACE measurements. The change in slope ¢he mesosphere). A daily averaged GLE ionization rate is
the contour levels indicating a decrease inddDvirtually all  ysed for consistency with the other WACCM3 computations.
levels above~1hPa occurs in the model simulations atabout  gince the NQ family rapidly converts in the strato-
DoY 25 (rather than the DoY 32 in the ACE measurements),sphere to other constituents in the odd nitrogen group
however, qualitatively the model results and ACE measure{NO, =N(4s) + N(2D) + NO + NOz + NOz + 2N2Os +
ments are in reasonable agreement. HNOj3 + HO,NO, + CIONO; -+ BrONOy), it is appropriate
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to concentrate on the NOmpact due to the GLE. We have NO % ch (60—90°N)— WACCM (C—B)
computed the percentage change of Néd polar northern Y 10 Wso

latitudes (60—90N) over the 19-23 January 2005 period by
subtracting an average of the C realizations from an aver-
age of the B realizations and present these results in Fig. 14.
As a result of the GLE, odd nitrogen is calculated to be
enhanced by a maximum of about 0.09 %, a very small in-
crease. Ozone changes appear to be connected to thgse NO
enhancements and show a maximum of about a 0.007 % de-
crease. Although the computed ki€hanges due to the GLE L
are larger £20 % in the 20-100 hPa range), this seemingly F

significant impact is mainly due to the small amount of am- 100 i ‘ ‘

bient HG, in the polar very low sun conditions at this time 19 20 21 22
of year. Ambient HQ values in the 60—90N region range
from 0.002-0.3 pptv at 100 hPa to 1.2-1.9 pptv at 20 hPa.
The computed HQenhancement is short—lived and is essen-
tially gone within 48 h due to the short lifetime of the KO

0.02

20

Pressure (hPa)
Altitude (km)

\

15

N
W
N
N

January 2005

Fig. 14. Daily averaged WACCM3 prediction of the polar Northern
Hemisphere (60—-90N) NOy percentage enhancement due to the

constltuents. . GLE (the average of the C realizations minus the average of the B
AS_ an as'de{ the pplar southern lat'tt_’des (GG_WV?re realizations). The contour intervals are 0.0, 0.02, 0.04, 0.06, and
also impacted in a minor way due to this GLE. N®@as in- g ggos.

creased in the lower stratosphere by a maximum of 0.18 %
and ozone was decreased by a maximum of 0.05% when
WACCMS3 B results were compared with C results. The ation of HNG; (Verronen et al., 2008). MIPAS observations
southern polar HQ was enhanced by a maximum of 2%, showed large enhancements of polar middle mesospheric
but this enhancement was gone within 24 h. NO; before the SPEs, which were likely the result of NO
These WACCMS3 simulations indicate that inclusion of the winter descent from higher altitudes (also, see GOMOS mea-
GLE on 20 January leads to very small atmospheric con-surements in Sedfa et al., 2007). However during the SPEs,
stituent perturbations. WACCM3 simulated a mesospheric N@nhancement of
greater than 30 ppbv in the 60—70 km (0.2-0.03 hPa) altitude
region for 18-20 January 2005 in the polar Northern Hemi-
7 Conclusions sphere, which is in reasonable agreement with inferred MI-
PAS NG increases over the same altitude region. WACCMS3
The January 2005 SPEs caused large enhancements in tpeedictions are in reasonable agreement with SCISAT-1 ACE
northern polar mesospheric HCand NQ, constituents, measurements of NGenhancements for the Northern Hemi-
which were both observed and modeled. Aura MLS ob-sphere. The observed and predicted enhancements are con-
servations indicated large mesospheric increases in OH (upiderable for the mesosphere and led to statistically signif-
to 4ppbv) and HQ (>0.5ppbv) as a result of the SPEs icant NQ increases in polar northern latitudes for about
during the time period 16-21 January in the 60-89at- a month past the SPEs.
itude band. The WACCMS3 simulations showed quantita- We found that protons of energies 300 to 20 000 MeV, as-
tively similar, although somewhat larger enhancements insociated with the GLE on 20 January, led to enhanced strato-
OH and HQ. These large HQenhancements led to con- spheric NQ of less than 0.1 % and ozone decreases of less
siderable MLS-measured and predicted ozone decreases tfan 0.01% in the northern polar latitudes. Thus, protons
greater than 40% throughout most of the northern polawith energies less than 300 MeV had a much larger impact
mesosphere during the SPE period. MIPAS measuighbH on the middle atmosphere in January 2005 than higher en-
enhancements through the stratosphere into the lower mesergy protons from the GLE.
sphere (reaching-60 pptv) from 16 January to 18 January.
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